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1 General Introduction 

1.1 The MPM resource allocation problem delineation 

The idea for this research originated from practice observations. During several 
years, the author of this thesis witnessed that resource allocation in multi-project 
environments (MPE) was troublesome for managers. Multi-project management is 
about the short-term tactical and operational management of a set of projects in 
execution that share the same resources (chapter 3.2). Sharing resources makes it 
significantly more complex since it creates resource dependencies between projects, 
especially in high uncertainty environments where human resources with specific skills 
are scarce.  

At an organisation that applied advanced scheduling algorithms, we observed that 
they were not entirely satisfied with the outcomes. Remarkably, we noticed that staff 
with access to local knowledge often came with better solutions than provided by the 
algorithms. The employees' reasons to deviate from the schedule were so diverse that it 
was complicated and too expensive for the organisation to embed them in the 
algorithms. With hindsight, the operational director of the organisation stated that he 
had the idea that the initial simple scheduling algorithm provided a good enough basis 
for the staff to be used as a reference to rest their decision on.   

Based on lessons learned from this organisation, we approached the resource 
allocation problem differently. Instead of improving the scheduling heuristics, we 
accepted that the prioritized list of activities generated by the heuristics was good but 
not perfect and communicated that the list was not perfect to the staff. We asked the 
staff to work on the highest priority tasks but to deviate from the list if they had good 
reasons.  

In several organisations, we noticed that both aspects, the priority list, and the 
freedom to deviate from it, helped them to manage complex multi-project environments. 
We observed that: a) the priority list helped to overcome the obstacle that it was too 
hard for the employees to prioritise their work, b) the freedom to deviate from the 
priority list helped to deal with the dynamics that appear on the work floor and to correct 
planning errors, and c) the freedom to deviate also increased willingness to accept the 
new way of working. We observed a higher organisational output in the organisations 
that applied it successfully. A description of these cases can be found in chapter 2. 

Based on these observations, it seems that a combination of using scheduling 
heuristics with human decision-making has potential. Although we learned these 
practical lessons over time, we had no scientific proof of their effectiveness. 

Following these observations, we decided to do this research. It started with a review 
of the works dealing with the solutions to the resource allocation problem. During the 



2      Chapter 1 

review, the literature was considered from the angles that gained our interest based on 
practical observations: how scheduling heuristics address the resource allocation 
problem and how human intelligence is incorporated in the resource allocation process. 
The objective is to analyse if both angles are complementary by looking at their 
strengths and weaknesses. Based on the strength and weaknesses, at the end of this 
paragraph, a conclusion is drawn if a combination of using scheduling heuristics with 
human intelligence has research potential. 

 
Resource allocation based on Scheduling Heuristics.  

There is a general agreement among scholars that appropriate resource scheduling is 
an essential success criterion for organisational performance (Dvir et al., 2003; Pinto & 
Mantel, 1990; Shenhar et al., 2002).  In literature, resource allocation is mainly 
approached as a scheduling problem. In the '60s, 41% of the project management (PM) 
articles in popular PM journals were related to Operational Research (OR). Over the 
years, the number of OR publications has declined to 18% (Kwak & Anbari, 2009), 
which is still a significant field of research.  

Most of the OR articles are focused on heuristic scheduling algorithms to solve the 
Resource Constrained Scheduling Problem (RCSP). Heuristic approaches are required 
since the resource allocation problem is classified as strongly NP-hard (Blazewicz et 
al., 1983), which means that identifying the optimal scheduling solution is impossible 
in polynomial time. Besides the constraining resource capacity, there are more variables 
that make this problem NP-hard: deadlines, release times, task order, pre-emption 
allowance, resource skills, machine characteristics and optimisation objectives 
(Brucker, 2006).  

Given a particular objective, the scheduling heuristics are perfectly capable of 
prioritising huge amounts of project activities throughout all the projects in the portfolio 
based on this objective. Dealing with this form of complexity is an indispensable 
contribution of OR to project management (Tavares, 2002). 

The advantage of the considerable research attention for RCSP is that a wide variety 
of algorithms is available to deal with various constraints and objectives applicable to 
various organisations (Özdamar and Ulusay, 1995). Over the years, advanced planning 
systems based on heuristics have gained the ability to incorporate more and more 
complexity. Still, these algorithms can only incorporate limited rationality and 
objectives simultaneously. Furthermore, applying these complex models requires many 
prerequisites to be fulfilled, and the use of the models stands or falls with managers' 
confidence herein (Caniëls & Bakens, 2012). Managers have issues fulfilling these 
prerequisites and keeping these systems up to date, resulting in the fact that a large 
majority of the multi-project managers are not satisfied with the quality and the 
reliability of the information of multi-project management systems (Caniëls & Bakens, 
2012).  

Simple priority rule (PR) heuristics can be used to overcome the implementation and 
maintenance hassle. Even simple priority rules appear to be very successful in serving 
as a guideline to make informed resource allocation decisions (Browning & Yassine, 
2010). There is no optimal PR-heuristic that can be applied in all cases. The PR-heuristic 
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to choose depends on the main objectives to optimise, but there are many different 
algorithms to choose from.  

 
Summarised, the strengths and weaknesses of scheduling heuristics are as follows:  
Strengths: 
• A wide variety of algorithms are available to deal with various constraints and 

objectives applicable to various organisations. 
• Ability to deal with complexity by structuring the project activities based on defined 

objectives. 
• Even simple PR-heuristics appear to be very successful in serving as a guideline to 

make informed resource allocation decisions. 
 

Weaknesses: 
• Scheduling heuristics can only incorporate limited rationality and objectives 

simultaneously. 
• Organisations find it difficult to fulfil the prerequisites to feed the scheduling 

heuristics. 
 
Resource allocation based on human intelligence 

Approaching resource allocation solely as a scheduling problem excludes other 
factors and forces of an organisation. Resource allocation in organisations is driven by 
politics, interpretation and sense-making that is far more complex than traditionally 
discussed (Engwall & Jerbrant, 2003). Many of those factors are difficult to quantify 
and to embed in scheduling algorithms.  

Caused by the high uncertainty and dynamics typical for multi-project environments, 
these factors and other situational circumstances fluctuate quite often (Engwall & 
Jerbrant, 2003). In these complex environments, where not all variables are known, not 
quantifiable, and frequently changing, it is the strength of humans to make “satisficing” 
decisions (Simon, 1957). In such complex environments, De Sitter et al. (1997) state 
that instead of relying on complex logistical systems, one should rely on organisations' 
local knowledge and self-organising capacity.  Instead of “complex organisations and 
simple jobs”, whose origin is based on Taylorist principles, De Sitter et al. (1997) 
advocates striving for “simple organisation and complex jobs”. This can be achieved if 
organisations build on the strength of the employees that they have local knowledge 
about situational aspects. When employees get the freedom, it appears that they can 
adapt themselves to unforeseen situations and deal with the local problems that 
frequently occur on the work floor (De Sitter et al., 1997). 

A problem of human decision-making is that the decisions can be biased and often 
not based on objective standards (Tiwana et al., 2007; Trevis Certo et al., 2008). 
Another problem is that humans can only consider a limited amount of information to 
base their decision on caused by their cognitive limitations. Often the problem is not a 
lack of information but rather an overload (Caniëls & Bakens, 2012; Jones & Simon, 
1999). To make quality decisions, Simon stated that “Some way of focused attention” 
is required to structure the information.  
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Summarised, the strengths and weaknesses of resource allocation based on using 

human intelligence are as follows: 
Strengths: 
• Humans can adapt themselves to unforeseen situations. 
• Humans have local knowledge about situational aspects. 
• Humans make satisficing decisions in complex environments.  
 
Weaknesses: 
• Humans have cognitive limitations to deal with large amounts of information. 
• Human decisions can be biased and not objective. 

 
The research potential of combining scheduling heuristics with human intelligence  

Observing the resource allocation process in practice, it seems that a combination of 
using scheduling heuristics with human intelligence has potential. These observations 
from practice triggered to review literature about the contribution of resource allocation 
based on scheduling heuristics and human intelligence.  

Both heuristics and human intelligence have their strengths and weaknesses. 
However, interestingly enough, these strengths and weaknesses partly compensate each 
other. The strengths of humans to adapt themselves to unforeseen situations and their 
ability to make satisficing decisions in complex environments compensates for the 
weakness of scheduling heuristics to incorporate only limited rationality and objectives 
simultaneously. Humans have this strength because they have access to local knowledge 
about situational aspects, which is hard to incorporate into scheduling heuristics. 

On the other hand, human-based decision-making has a weakness of being biased, 
not being objective and having a cognitive limitation to deal with large amounts of 
information. These weaknesses can be reduced by using scheduling heuristics. 
Scheduling heuristics are perfectly capable of structuring large amounts of project 
activities based on defined objectives, as long there are not too many objectives 
simultaneously.  

A weakness of scheduling heuristics is that organisations find it challenging to fulfil 
the prerequisites to feed (advanced) scheduling heuristics. However, this shortcoming 
can be overcome by using simple PR-heuristics, which appear to be very successful in 
serving as a guideline to make informed resource allocation decisions. These PR-
heuristics have a low administrative burden and are easy to maintain and implement. 

So, the theory confirms our observations from practice that scheduling heuristics and 
human intelligence can reinforce each other. The scheduling heuristics can provide a 
“way of focused attention” by creating a prioritised list of activities that reflects the 
organisation's primary objectives. This priority list overcomes bias and information 
overload since the human brain is automatically focused on the top of the list, which to 
a large extent reflects the most important tasks for the organisation (Kahneman et al., 
1974). Guided by this priority list, a decision-maker with access to local knowledge 
about the situational aspects is, according to the theory, capable of making satisficing 
resource allocation decisions.  
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The theoretical insights are in line with our observations from practice. Therefore, 
there is research potential and practical relevance in studying resource allocation under 
uncertainty in multi-project environments by combining scheduling heuristics with the 
local knowledge of human decision-makers. 

1.2 Research objectives 

The findings from the literature scan and the practical relevance motivated to start 
this study with a central research question:  

 
Can satisfying results be achieved by combining scheduling heuristics with human 

intelligence? 
 
The problem delineation has made clear that resource allocation under uncertainty is 

NP-hard. An optimal solution does not exist; at best, satisficing resource allocation 
decisions can be made. We assume that scheduling heuristics could provide guidance 
and that from the organisation, we can gain extra information to get to satisficing 
resource allocation decisions. With local decision-making, we want to authorise 
decision-makers closely related to the work floor. If our assumptions above are correct, 
involving their local knowledge and capability to deal with the dynamics and 
unforeseen situations should lead to satisficing resource allocation decisions.  

This research aims to investigate our assumptions systemically. To do so, we defined 
four research objectives and a research methodology to achieve them. Our first objective 
is to structure practical experiences that support the use of local knowledge in resource 
allocation decision-making. The observations from practice triggered the second 
objective: to do a literature scan about existing solutions to the resource allocation 
problem to make sure it is worthwhile to research. So, our second objective is to make 
it plausible that resource allocation under uncertainty is a troublesome issue for 
managers without a solution according to available literature.  

Suppose resource allocation is troublesome for managers, and no (agreed) solution 
is available in the literature. In that case, we want to design a solution to help an 
organisation make satisficing resource allocation decisions. However, before creating a 
solution, we first need to define " satisficing ". Therefore, our third objective is to 
recognise resource allocation success. Our fourth objective is based on the insights 
gained from the first three objectives; we aim to design and validate a solution to 
allocate resources effectively.  
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Summarised, the research objectives are as follows: 
OBJ-1 Structure experiences from practice that support the use of local 

knowledge in resource allocation decision-making (chapter 2). 
OBJ-2 Identify the research gap in literature and show an overview of related 

works (chapter 3). 
OBJ-3 Identify resource allocation success criteria based on literature review 

(chapter 4). 
OBJ-4 Design and validate an approach leading to satisficing resource 

allocation decisions. 
Divided into the two sub-objectives:  
OBJ-4.A Design an approach leading to satisficing resource 

allocation decisions (chapter 5 & 6) 
OBJ-4.B Validate an approach leading to satisficing resource 

allocation decisions (chapter 7- 11) 
  

Together, these objectives answer the central research question (chapter 12). 

1.3 The research strategy 

We will determine the research strategy for the four research objectives defined in 
the previous paragraph. Figure 1-1 gives an overview of how the chapters in this thesis 
cover these objectives.  

Figure 1-1 Thesis structure 
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1.3.1 What do we know? 
With “what do we know?” we refer to literature and practice regarding resource 

allocation under uncertainty in MPEs.  
 
OBJ-1: Structure experiences from practice that support the use of local knowledge in 
resource allocation decision-making 

As described in the introduction, the idea for this research originated from practice 
observations. The author of this thesis has gained these observations over the past 18 
years as a practitioner implementing multi-project systems at project organisations. To 
reach this objective, in chapter 2, we describe observations of a multi-project 
environment with five organisations involved that use local knowledge of their staff in 
the resource allocation decision-making process. We explain how the use of local 
knowledge impacts the decision-making, how heuristics are used and define the lessons 
learned. These lessons learned are based on both positive and negative experiences. 

These observations from practice also aim to provide insight into the context we 
operate in and show the social relevance of researching the resource allocation problem 
based on practice. These observations are valuable and even symptomatic for the 
resource allocation problem and are used to select relevant theory which will be the 
basis of the design proposition.   
 
OBJ-2: Identify the research gap in literature and show an overview of related works 

After exploring experiences from practice, our next objective is to examine existent 
literature about resource allocation approaches in multi-project environments. A 
narrative literature scan of articles about MPM resource allocation approaches 
published since the year 2000 is applied to create this state-of-art overview. Our primary 
interest is how these different MPM approaches organise resource allocation; What is 
the role of algorithms? What is the role of human intellect? Furthermore, are these 
decisions made top-down or bottom-up?  

Besides the state-of-art overview, this literature scan will answer whether the 
resource problem is recognised and if there are approaches available that describe how 
to use local knowledge in the resource allocation process or if there is a gap in the 
literature that this research can fulfil. This objective is covered in chapter 3.  

1.3.2 What is a good resource allocation decision? 
To understand how to improve resource allocation decision-making, we will first 

define how to recognise success.  
 
OBJ-3 Identify resource allocation success criteria based on literature review 

The objective is to determine when resource allocation in an MPE is successful. This 
objective will be achieved by a structured literature review (SLR), followed by a 
structured classification. The classification result is a set of success criteria that are 
decomposed from the high-level management objectives into operational success areas. 
This objective is covered in chapter 4.  
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1.3.3 What can we design and validate to deal with this issue (what can we do)? 
We know that in complex multi-project environments at best satisficing resource 

allocation decisions can be made. But what is the approach leading to satisficing 
resource allocation decisions? The literature review has provided valuable insight into 
the state of the art and success criteria related to resource allocation. However, we have 
not found any existing studies that combine scheduling heuristics with the local 
knowledge of human decision-makers in a multi-project context. Introducing a new 
policy requires designing. Therefore, we opt for a design science research (DSR) 
strategy.  

There are different DSR strategies (e.g. Van Aken, 2004; Hevner, 2007; Wieringa, 
2009), but what they have in common is that they: 
• handle a (business management) problem, 
• design an approach and interventions to solve the problem, 
• validate the approach, 
• generalise the approach for a specific class of problems within a certain domain. 

 
A rigorous DSR application requires a thorough preparation with a design grounded 

on theory and a well-prepared validation approach. There are several ways to validate 
the designed approach, theoretically and in practice (Pries-Heje et al., 2008). 
Researching the applicability of combining scheduling heuristics with the local 
knowledge of human decision-makers based on simulations or theory is simply 
inadequate since human decision-making cannot be genuinely simulated. To study the 
phenomenon, including the human interaction, requires a study in a real organisation.  

We opt to apply the DSR strategy of van Aken (2004, 2007) since this strategy is 
explicitly focused on validating a designed approach in practice. Van Aken (2007) 
distinguishes two cycles in this strategy, the reflective and regulative cycle ( Figure 
1-2). The reflective cycle aims to build up the design knowledge for a class of problems, 
and van Strien's (1997) regulative cycle is applied in a specific case to address a 
particular business problem.  
 

 Figure 1-2 The reflective and regulative problem-solving cycle, based on van Aken et al. (2007) 
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DSR is an iterative approach. Lessons from the regulative cycles are used to validate 

and adapt the design proposition and remove case-specific elements from our results to 
produce general knowledge (Van Aken et al., 2007). Based on the observation from 
practice, it is expected that each cycle can take several years, and there is a high risk 
that a cycle will not be completed at all. Thorough preparation of each step in the 
reflective and regulative cycle is essential for the success of this research. Our objective 
is to run one entire regulative cycle successfully. So, if one case study fails, we learn 
our lessons, adapt the design proposition, and run another attempt. We devoted most of 
this research and thesis to preparing the case study to increase the likelihood of success.  

An essential step in the preparation is to define the design proposition. As a design 
strategy, van Aken refers to the CIMO logic (Denyer et al., 2008). The CIMO logic 
describes which intervention (I) shall be applied in a particular context (C) to achieve a 
specific outcome (O) by using a particular mechanism (M) based on theoretical 
concepts (Denyer et al., 2008). The CIMO logic is a well-known approach in DSR to 
design a proposition in a structural way grounded on theory. We will apply the CIMO 
logic as a strategy to obtain OBJ-4.A. 

As a validation strategy to conduct a case study, van Aken (Van Aken et al., 2007) 
refers to Yin. We will apply this strategy to obtain objective OBJ-4.B to validate the 
effectiveness of the design proposition, and now we will describe the research strategy 
for the sub-objectives OBJ-4A & B.  
 
OBJ-4.A  Design an approach leading to satisficing resource allocation decisions 

One of the main products of DSR is field-tested and grounded design proposition. 
Originally van Aken (2007) called this a set of technology rules. The term 
"technological rule" is in a later stage replaced by "design proposition" (Denyer et al., 
2008). This adaption is made because the term "technology rule" un-intentionally 
suggests a mechanical approach, which does not fit this type of research where the social 
design is equally important as the technical one (Van Aken, 2013; Yin, 2009). 

 
Applying the CIMO logic as a strategy to create the Design Proposition 

DSR starts with the management problem, in our case, resource allocation in an 
MPM context. To design the approach leading to satisficing resource allocation 
decisions, we use the CIMO logic (Denyer et al., 2008).  

The observations from practice (OBJ-1), the literature scan (OBJ-2) and the SLR 
(OBJ-3) led to identifying a wide variety of relevant theories in chapter 5 which explain 
the symptoms witnessed. The domain knowledge gained from the relevant theories is 
the theoretical grounding for the design proposition and defines the mechanisms (M) 
used in CIMO terms. The next step in the CIMO design strategy is to determine the 
interventions (I) that trigger these mechanisms so that in the proper context (C), the 
intended outcome (O) will be achieved. The design is "grounded" (Van Aken, 2004) if 
there are sufficient arguments to reasonably expect that the interventions will produce 
the intended outcome. These interventions and the intended outcome are described in 
the design proposition in chapter 6. Each intervention consists of a set of operational 
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and context guidelines, which are defined based on the relevant theories to trigger the 
mechanisms. Based on the relevant theories, we describe the expected output. The 
process to come to the design proposition, including defining the relevant theories, is a 
highly interactive process with all researchers involved.  

Throughout the case study, the CIMO logic is used to build a clear chain of evidence 
to understand if and why our interventions are producing the intended outcome. The 
result of our design proposition is a set of operational guidelines, which can be found 
in chapter 6. According to the CIMO logic, implementing these operational guidelines 
will result in satisficing resource allocation decisions when applied in the proper 
context.  

 
Defining case study candidate selection criteria 

According to the DSR strategy, our needs are to find a case study candidate that will 
fit as best as possible in the context (C) the design proposition is created for (Denyer et 
al., 2008). Therefore, as part of the design proposition, we developed in chapter 6 a set 
of context requirements based on the selected theory. The strategy to choose the 
appropriate case study candidate is to analyse to which extent the candidate matches 
our context guidelines. Applying the design proposition to a case study candidate that 
fits the context requirements will increase the likeliness of success that the intended 
output of the design will be delivered.  

Based on an in-depth single case, analytical or logical generalisation is possible 
under the right conditions (Yin, 2009; Yin, 2015). This type of case selection refers to 
purposeful or purposive sampling (Coyne, 1997; Patton, 2014). Important reasons to 
opt for purposeful sampling, in general, are effort, duration and cost. Preparing, 
implementing, and analysing the results of a case study of this size takes typically 
multiple years and requires a longitudinal case study and is not without risk. A 
longitudinal case study is required for this research since we need a complete circle 
design to arrive at an observable outcome. This implies that the reaching of outcomes 
is dependent on the willingness and speed at which design goals can be realized in the 
actual case study. This change-process may encounter all kinds of unforeseen obstacles, 
causing delay and even complete failure. However, because reliable and genuine 
outcomes are highly valued in this research project, it is worth taking the risks involved. 
This study aims to demonstrate that the design proposition can work if applied in the 
proper context. Patton (2014. p.404) refers to this as critical case purposeful sampling 
and describes the characteristics as follows: “The weight of evidence from a single case 
permits logical generalization and maximum application of information to other, highly 
similar cases because if it’s true of this one case, it’s likely to be true of all other cases 
in that category: if it works here, it will work anywhere, or if it doesn't work here, it 
won’t work anywhere.” 
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OBJ-4.B Validate an approach leading to satisficing resource allocation decisions 
To conduct the case study, we follow the strategy described by Yin (2009). To ensure 

validity and reliability, we follow the guidelines of Gibbert & Ruigrok (2010). We have 
chosen Yin, van Aken and Gibbert & Ruigrok since they are accepted strategies in their 
domain and appear to fit our needs. These three research strategies are compatible and 
reinforce each other. 

The steps described in the regulative cycle Figure 1-2 will be executed to implement 
and validate the design proposition at a case study candidate. Figure 1-3 gives an 
overview and an indication of the planned duration of the case study and the design 
validation.  

Figure 1-3 Case study execution and design validation process and estimated timeline 

Here is a brief description of each step depicted in Figure 1-3, detailed in the 
corresponding chapters. During the problem definition stage (chapter 7), we analyse 
how our design proposition addresses the management problem. At the analysis & 
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intervention, followed by an interview to verify the continuation of the design 
proposition usage.  

Based on the case study evaluation, we validate the effectiveness of the design 
proposition by concluding if it can work when applied in the proper context. Or, as 
Patton stated regarding purposeful sampling, “if it’s true of this one case, it’s likely to 
be true of all other cases in that category” (Patton, 2014. p.404). 

1.3.4 What have we learned? 
Objectives 1-4 together should answer our central research question, if satisfying 

results can be achieved by combining scheduling heuristics with human intelligence. In 
the DSR strategy, this step is called “reflecting on the results” and is part of the 
regulative cycle ( Figure 1-2). The strategy is to remove case-specific elements from 
our results to produce general knowledge (Van Aken et al., 2007) by describing the 
added value for theory and practice. We describe the limitations of our study, the 
recommendations on how to adapt the design proposition, and insights to be used for 
further research. 

1.4 The structure of this thesis 

For the overview of this thesis, we refer to Figure 1-4. This paragraph summarises 
the content of the thesis chapters.  
 

Figure 1-4 Thesis structure (equal to Figure 1-1, added for clarity reasons) 
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resource allocation problem and are used to select relevant theory which will be the 
basis of the design proposition. 

This chapter describes five projects executed before or during the creation of the 
design proposition. One can regard these projects as "pre-case" since they helped shape 
our thoughts leading to the design proposition. One of the pre-cases describes a first try-
out of one of the initial versions of our design proposition. We have failed to implement 
the design proposition successfully, but the experience has provided input to the design 
process.   
 
Chapter 3: Related work 

This chapter aims to fulfil objective OBJ-2, to explore the state-of-art literature about 
resource allocation approaches in multi-project environments. This chapter is based on 
Ponsteen & Kusters (2015), published in Procedia-Social and Behavioral Sciences and 
gives a state-of-the-art overview of different types of multi-project management (MPM) 
approaches. It shows how these different MPM approaches organise resource allocation 
from a managerial perspective. We applied a narrative literature scan and classified 
different MPM approaches based on organisational characteristics to create this 
overview. Finally, this chapter defines areas for further research, which resulted in our 
central research topic to investigate the applicability of decentralised resource allocation 
decision-making in a multi-project context. 
 
Chapter 4: MPM success criteria related to resource allocation 

This chapter aims to fulfil objective OBJ-3, to determine when resource allocation 
in an MPE is successful. To define a proper way to manage resource allocation in a 
Multi-Project Environment (MPE), we should learn how to recognise resource 
allocation success. This objective will be achieved with a structured literature review 
(SLR). The result is a set of success criteria that are decomposed from the high-level 
management objectives into operational success areas that can be applied to design 
a solution for successful resource allocation. The verification in practice is done by 
conducting case studies about the applicability of these criteria at multi-project 
organisations. 

 
Chapters 5-11 aim to fulfil objective OBJ-4: design and validate an approach leading 

to satisficing resource allocation decisions. This objective is achieved by running the 
entire design science research cycle as depicted in Figure 1-2. 
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Chapter 5: Theoretical grounding for the design 
The design proposition is a primary research product of design science research. The 

design proposition is grounded on theory to ensure research validity. To select the 
theory, we rely on our observations from practice described in chapter 2 and the studies 
mentioned in chapters 3 and 4. These observations triggered the selection of the relevant 
theories which explain the expected output in CIMO terms. The domain knowledge 
gained from the relevant theories is the theoretical grounding for the design proposition 
and defines the mechanisms (M) used in CIMO terms.  We expect to find theories from 
a wide scale of academic areas since the resource allocation problem is not only a 
technical issue.  
 
Chapter 6: Design proposition 

The design proposition is a theoretical design. The most powerful design 
propositions are grounded and field-tested (Van Aken et al., 2007:35). To design the 
approach leading to satisficing resource allocation decisions, we use the CIMO logic 
(Denyer et al., 2008). The theories provided by chapter 5 should be sufficient to ground 
our design proposition. The design consists of two sets of guidelines: the operational 
guidelines to operationalise the interventions (I) required to set the mechanisms (M) in 
motion to produce the intended output (O) of the design proposition and a set of context 
guidelines (C) describing the context in which the design proposition is applicable. A 
traceability matrix ensures that all guidelines can be related to the underlying theories 
and the other way around. Since the design proposition will be used in practice and 
affect the organisation's core, we must be convinced that it delivers the intended output 
based on the theory when applied in the specified context. 

 
Chapter 7: Case study selection 

This chapter describes the selection of the case study candidate based on purposeful 
sampling principles (Coyne, 1997). We need to find a case study candidate that 
complies with the context guidelines as defined by the design proposition. This chapter 
analyses and diagnoses to which extent the selected case study candidate matches these 
context guidelines. Based on the analysis, we determine if the case study candidate is 
suitable for our research and what non-compliances should be addressed in the plan of 
action described in the next chapter.  

 
Chapter 8: Case study set-up 

Before applying the design proposition, we create a plan of action to apply it to the 
selected case study candidate taking their situational aspects into account.  This plan 
addresses the non-compliances with the guidelines diagnosed during the case study 
selection as described in the previous chapter. The result is a plan that defines how to 
comply with the case study candidate's business goals and the objectives of this 
research.  
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Chapter 9: Data gathering and analysis preparation 
Besides planning how to implement the design proposition, we also define an 

evidence-based data-gathering plan to obtain data of sufficient quality. The objective of 
the data analysis is to examine if applying the design proposition from chapter 6 
improves resource allocation decisions at the case study candidate and validate the 
design proposition. This chapter also describes how ethical rules must be honoured 
regarding the case study participants and how they ensure the research integrity. 
 
Chapter 10: Implementing the plan of action  

This chapter describes the implementation of the interventions (see Figure 1-2) 
according to the plan of action as detailed in chapter 8. The implementation ends when 
the intended processes, guidelines, and systems are in place as described in the action 
plan. From this point on, we expect that no interventions by the researcher are required. 
We expect to be able to collect data to validate our design proposition according to the 
data-gathering plan described in chapter 9.  

 
Chapter 11: Design validation 

This chapter aims to analyse whether our design proposition's application led to 
improved resource allocation decisions at the case study candidate. To do so, we applied 
the data analysis approach, as defined in chapter 9. Using the data analysis approach 
ensures the validity and reliability of this data analysis, designed to provide internal 
validity, construct validity, and reliability.  
 
Chapter 12: Conclusion and reflection 

This chapter aims to answer our central research question of whether satisficing 
results can be achieved by combining scheduling heuristics with human intelligence 
based on the findings according to objectives 1-4. Chapter 12 describes in general, in 
non-case specific terms, which conclusions and lessons learned can be drawn from this 
research. The insights can be applied in practice and used for future research. 
 





 

2 Observations from Practice 

2.1 Introduction 

Over the years, my partners and I have gained much practical experience in dealing 
with the resource allocation problem. In 2006, we developed a Project Management 
Information system (PMIS) called Epicflow.  

This experience helps to fulfil objective OBJ-1. As defined in chapter 1, this 
objective is to “find experiences from practice that support the use of decentralised 
resource allocation decision-making”. These experiences are used to select relevant 
theories, which will be the basis of the design proposition. The way this chapter fits 
within the whole structure of this thesis is depicted in  Figure 2-1. 

 

 Figure 2-1 Thesis structure 

Besides providing a basis for selecting theory, this chapter also gives the reader 
insight into the context we are operating in. These insights also show the practical social 
relevance for researching the resource allocation problem. Objective OBJ-1 will be 
achieved by the structured description of the observations and lessons learned from 
practice in multi-project environments focused on using employees’ local knowledge 
in the resource allocation decision-making process. 
 

This chapter describes observations of five projects executed before or during the 
creation of the design proposition. With each project, particularities that triggered the 
investigation of the theoretical background are highlighted with hindsight.  
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One can regard these projects as “pre-case” since they helped to shape our thoughts 
leading to the design proposition. The fifth case is actually the first try-out of one of the 
first versions of our design proposition. We have failed to implement the design 
proposition but have gained the experience that helped to improve it.  

The observations of all five pre-cases are valuable and even symptomatic for the 
resource allocation problem, as one can see in the overview of the lessons learned in 
the last paragraph of this chapter. 

2.2 Pre-Case 1: Spanish graphical imprint factory 

In 2006, we worked on a Spanish graphical imprint factory project. We developed a 
system to manage the release and execution of thousands of work orders a day. 
Although it was not a multi-project environment, it was the start of developing the ideas 
we used in resource allocation for multi-project environments.  

The priority mechanism to execute the orders on the shop floor was based on a simple 
priority rule: execute the order that requires the most processing effort, given the 
remaining time till the due date. The other part we developed was the release 
mechanism. Its objective was to release not too many orders on the shop floor to prevent 
logistic chaos, especially with thousands of orders on the shop floor. In contrast to the 
priority rule, this release mechanism was very complex. The algorithms were based on 
machine capacity, human capacity and capabilities, packaging restrictions, set-up times, 
order size, lead time and many other parameters. We developed the release mechanism 
in cooperation with the managers, planners, and shop floor employees. Despite all this 
effort, it appeared that whatever parameter we added, the employees always came with 
a case we had never thought of in the design process. After two years of development, 
we decided that the best thing to do was stop further development and give the planners 
freedom to pick the orders they thought were the best based on the priority list generated 
by the algorithm.  

 
We also thought of optimising the simple priority rule that we provided to the shop 

floor for executing the released orders. However, we stopped further development based 
on our experiences with the complex release algorithm. Instead, we gave them some 
guidelines which defined the circumstances that allowed them to deviate from the 
priority list. We discovered that a “bad” reason to deviate from the priority list was that 
the machine operators selected the orders generating the biggest number of graphical 
imprints per hour. It appeared that this behaviour was driven by their Key Performance 
Indicator (KPI). They even had highly visible counters on the shop floor at each 
machine to endorse this KPI. The effect of this KPI was that time-consuming imprints 
missed their due dates regularly. It was then established that this KPI was not a driver 
for success. They also planned more work hours against higher consumer margins for 
more time-consuming orders. After our discussion, this KPI was replaced with a 
measurement based on the planned work each department could produce. We did the 
measurement deliberately per department instead of individually to avoid cherry-
picking on the priority list for personal gain and stimulate employees to help one another 
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to do as much work as possible. We also switched off the imprint counters on the shop 
floor.   

Years after implementing this planning system, the COO stated that the simple 
priority rule and the guidelines on dealing with them generated the biggest added value. 
This priority mechanism is the very basis we use today. 

 
Observations from pre-case 1, the Spanish graphical imprint factory are that: 
• whatever algorithm we designed, an employee with shop floor knowledge 

outperformed it. 
• the simple priority rule and some guidelines to deviate from this list seem to be 

sufficient for managing a complex environment. 
• management support seems essential to create an environment where employees can 

learn, develop, and explore ways to organise their work. 
• KPIs can have a negative organisational impact on how the employees deal with the 

priority list.  

2.3 Pre-Case 2: Engineering Department of a cable company 

Based on our experiences with the Spanish factory, we developed a project 
management information system (PMIS) for multi-project organisations. The system 
was implemented for the first time at the engineering department of a cable 
manufacturing company in 2008. This case is described by Tromp and Homan (2015). 
Tromp guided the implementation. The author of this thesis developed the PMIS and 
partially supported the implementation. Here we used the same priority rule as in the 
previous case. We trained the staff and expected similar outcomes. However, half a year 
later, the head of engineering was dissatisfied with the results. After an investigation, it 
appeared that the engineers were not using the priority list as a reference, and they were 
not working on the top priority tasks. When asking the implementor what happened, the 
response was: “I told them that they had to obey their priority list otherwise they would 
not improve. It’s up to them to listen to me or not”. This way of training was certainly 
not the recipe for long-lasting success.  

We decided to put extra effort into training and coaching the engineers and their 
management. After the initial stage, we continued coaching them for a year and visited 
them once a month to prevent them from falling back into the old habits.  

Some groups showed a significant improvement within weeks, and it took longer to 
improve for others. Those groups blamed the PR algorithm for lousy team performance. 
Tromp and Homan (2015) believe that the arguments were invalid. It took weeks to 
discover what caused the negative influence. One time, Tromp and Homan (2015) made 
an unexpected discovery: some engineers had difficulties saying “No” to the requests 
coming from their colleagues. The manager found out that the other under-performing 
group had the same behaviour. The manager himself took responsibility to filter all 
incoming requests and significantly reduced the amount of unplanned work. In a few 
weeks, the performance of the under-performing teams was like that of the other teams.  

The results were improving fast. Instead of 20 projects per year, they now deliver 
about 40 projects a year with a significantly reduced lead time and about the same 
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number of people. Since all projects are unique, it is hard to compare the exact figures. 
Tromp and Homan (2015) describe that the journey did not stop there. Focusing on the 
output per resource group instead of due dates helped them double the output again and 
reduce lead time from 12-18 months to 3-4 months. 

Further improvement stopped when a new manager came in, forcing them to quote 
reliable due dates. Under this increased management pressure, the groups started 
meeting the due date performance KPI again. The people felt like they lost control of 
time and got dissatisfied. In the end, people got fired, and the R&D department was 
dismantled and accommodated under Marketing and Sales.   

The people who remained still adhere to the way of working introduced in 2008.  
Thirteen years later, after the management perils were over, they have been using an 
evolved version of the PMIS, and they are recently expanding its application. It appears 
that the implemented resource allocation process is sustainable, also when the 
implementors are no longer involved. The PMIS system they are currently utilising is 
the same PMIS we will use in the case study described in Chapter 7.   

The main focus of Tromp and Homan (2015) is the change process caused by 
implementing the PIMS. Although the change process is not the subject of this thesis, 
we can still learn lessons related to local decision-making in the resource allocation 
process. In this case, the breakthrough came by luck that someone openly discussed 
what was happening on the work floor. We should find a way to facilitate continued 
feedback from the engineers on the resource allocation process to not build the outcome 
of our case study based on “luck”.  We have also learned that management support has 
a considerable impact on positive and negative results, especially regarding 
measurements imposed by management.  

 
Observations from pre-case 2, the Engineering Department of a cable company are 

as follows: 
• Emphasise on the learning process to embed the new way of resource allocation in 

the organisation and get the engineers’ feedback on improving the process. 
• Measuring the output per team that works according to the priority list is a good 

driver for improvement.  
• Lead time reduction and due date performance are an effect of team performance. 

Turning the effects into KPIs can lead to the opposite effect caused by build-in safety 
to meet this KPI. 

• Management support has a considerable impact on the positive and negative results, 
especially regarding measurements imposed by management.  

2.4 Pre-Case 3: Fiber to the office 

A large telecommunication provider had issues with their due date performance to 
deliver glass fibre connections to the office. They were selling 150 projects per week 
but delivering only 80 projects. Not surprisingly, over 80% of the projects were too late, 
customers complained, the staff was stressed, and felt that the pile of work only got 
bigger at the end of the working day. They hired escalation managers to control the 
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latencies, and at the time we started working there, they even had managers for 
escalation managers. 

Although the overall results were disastrous, the local KPIs of the departments were 
showing green flags; the induvial departments had a due date performance of about 
90%. They all thought it was the fault of the sub-contractor that did the digging of the 
cable and the installation work, the process that took most of the lead time. The sub-
contractor, in their turn, was complaining about incomplete specifications, unrealistic 
planning and other factors.  

To break the impasse, we decided to start with the processes under the control of the 
telecom provider alone. We developed a “serious business game” to face the problem, 
which reflected the telecom’s provider internal processes in a computer simulation. 
There was one crucial simplification: the sub-contractor had unlimited capacity and 
delivered perfectly on time. Even with four projects in the simulation game, the 
participants realised and accepted the resource allocation problem. They had no clue 
how to manage this with 150 projects in the simulation game. Gradually, we introduced 
the same priority rule as we used in our other pre-cases. The simulation executed all 
tasks according to the priority rule, and the participants had to interfere in exceptional 
cases. All participants managed to deliver good results. In the next simulation run, we 
increased sales by 5%. Even with such a change, the production was going smoothly 
for a long time. However, at 2/3 of the simulation, the due date performance suddenly 
dropped, and the environment became chaotic, just like in their natural environment. 
We created this chaotic situation on purpose to show them that the priority rule would 
not help them if certain resource groups were overloaded. In the next run, their 
management job was deciding what lead time to quote and what capacity to increase to 
prevent resource overload in the constraining groups.  

At the end of the day, they understood that they had to work together: sales had to 
quote feasible due dates based on the load in the resource groups, and the resource 
managers had to relieve resource constraints. They all understood that a KPI based on 
the due date performance per process step would not help them: even with a 90% due 
date performance, they would end after six process steps with an overall due date 
performance of around 50%. The new priority rule is based on the work in the whole 
chain and the remaining time till the final delivery date. So, if an order got delayed by 
one department, it was immediately visible in the next department that they had to 
expedite to compensate for the lost time. During a workshop, the sales manager talked 
about their current KPIs “Now I understand why all signs are green, but still no project 
is delivered on time”. After that workshop, they presented a new way of working to 
their top management, and they said farewell to their local KPIs and implemented the 
lessons learned in the workshop. 

After two months, company performance started to improve, and in one year, they 
turned a 20% due date performance into an 80% due date performance. The lead time 
was reduced by 50%. Efficiency increased by 21%. Escalation managers were hardly 
needed. Apart from these figures measured by the telecom provider’s internal Lean 
experts, the staff also realised that the environment was less stressed. Partly because 
escalations became an exception, the staff acted more proactively and analysed 
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problems to improve the process. The staff also became proud of their achievement and 
presented this case at the Best Practice Prince User Group (BPUG) seminar (Harren and 
Ponsteen 2010). 
 
Observations from pre-case 3, Fiber to the office, are as follows:  
• When the workload is not balanced with the available capacity and there is no clear 

way to plan your work, this leads to stress and less job satisfaction resulting in 
impaired organisational performance.  

• Even experienced professionals have difficulties making satisficing decisions in very 
simplified environments. We learned that the priority rule certainly helped them in 
the decision-making process.  

• Using priorities based on the whole chain of work results in alignment between 
departments. Latencies in one department can be caught up in the next one since the 
status is immediately visible to everyone involved. 

2.5 Pre-Case 4: A shipyard facility 

After implementing a new ERP system, one of the facilities of a shipyard had huge 
problems with its due date performance. This had severe consequences for the assembly 
of the yachts at the yard. The just assigned interim manager asked to help her. First, we 
discovered that the delivery milestones were not evident among the different parties in 
the yard. Secondly, planning was not clear. Since the process was more or less the same, 
we first created a project template containing their task order. We defined the task roles 
involved and made a typical work estimation. We applied this template to the running 
projects to get a rough insight into the resource load. Once the minimal planning pre-
requisites were in place, the tasks could be prioritised.  

We showed the first page of the priority list to several employees, including 
engineers, production staff and management. When asked if the priority list reflected 
the tasks they had to work on that day, they responded that it was “about right”. They 
came with cases where they would deviate from the order of priorities. The planner was 
very interested in adapting the schedule for these specific cases. When asked which 
rating they would give to the priority list on a scale from 1 to 10, they said “8”. That 
was the moment we told the planner that the quality of the list was good enough and 
that he should put no effort into making it “better” since it was probably optimisation 
that was the problem. Everyone agreed.  

Project and department managers came together to discuss the issues preventing 
them from executing the highest priority task on the list every week. Within months, 
everything turned around, and the interim manager and the shipyard were delighted with 
the performance improvement. The interim manager claimed at least 20% performance 
improvement, although we were not allowed to investigate the objective measures to 
vouch for this claim. After ten months, the interim manager was replaced by a new 
CEO. That CEO had his own ideas and focused more on cost control than the priorities 
on the work floor. A few years later, the lead engineer called, saying that he missed the 
priority list and the insight into the resource load. The engineers now tried to write the 
priorities on a whiteboard, but they lost the overview. The lead engineer asked if there 
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were ways to re-establish the old situation. We are currently discussing this with 
management, but it is a slow process. After ten years of duty, the lead engineer left the 
company, being concerned about its performance. He realised that there were many job 
opportunities in shipbuilding and that he no longer wanted to work in a chaotic 
environment. 
 
Observations from Pre-case 4, A shipyard facility are as follows: 
• A good enough priority list and freedom and knowledge to deviate from it are good 

drivers for project success. 
• Management focus on the priority items on the list will help the projects to flow. 
• The impact of new management can have a severe negative impact on the established 

processes. 

2.6 Pre-Case 5: ICT department of a semi-government 

organisation 

An ICT department of a semi-government organisation asked to help them manage 
their project portfolio. We had the idea that this could be an excellent case study 
candidate, even though our design proposition was not ready at that moment. 
Nevertheless, the management was enthusiastic. They had experienced staff working 
on their PMO, the funding was not a problem, and they complied with the context 
requirements we had defined (see Chapter 6).  

We started with the implementation based on our previous experiences. First, we did 
a workshop with managers and software engineers using “serious gaming”. We 
addressed their problems, agreed on the solution, and discussed how to implement the 
new way of work. Then we uploaded the projects to the PMIS and set the due dates, 
ensuring there was no overload in the resource groups. Regarding the load of the 
resources, we had to bear in mind that for a part of their time, about 20%, they were not 
concentrating on projects but working on problem-solving and change requests coming 
from the support department. The PMIS covered this capacity reduction. The 
management team and project sponsors agreed with the capacity required for the 
projects and the adjusted due dates. Then we trained all staff involved in the 
organisation. By far, this was the best start we have ever had.  

The first weeks of the execution went well. All projects and resource groups were in 
reasonably good shape. When the first milestone due dates faced risks, it was time for 
management action. However, that management action never came. The only decision 
made was to shift the due dates. The effect was that the urgent tasks got a lower priority, 
and the resource load went down. In the PMIS, everything looked very well, while in 
reality, almost all projects missed their original due dates, and it was not uncommon 
that the lead-time became more than twice as long.   

There were a few reasons why due dates were out of control. The portfolio manager 
expressed this best by having a picture, as depicted in Figure 2-2, on the office wall 
showing a gate with two paths around it.  
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Figure 2-2 Bypassing the gate 

The project and support department managers became masters in bypassing the gate. 
The result was that unplanned work ended up on the employees’ desks. The portfolio 
manager believed that the employees deviated from the priority list for the wrong 
reasons. However, the management team accepted these deviations and continued 
moving project due dates. 

In the final attempt to restart the project, together with the support department 
manager and the PMO, we visited an organisation that had already been working with 
the PMIS for five years. The differences between the two organisations became evident 
in the interview (transcript is available). The successful organisation focused on the 
motivation of their employees. The employees get much freedom to arrange their work, 
but they should have good reasons to deviate from the priorities. When a milestone gets 
into the danger zone, management can take corrective actions, which means milestones 
are moved only in exceptional cases. Management is not allowed to push unplanned 
work through the organisation or persuade the employees to prioritise something 
unreasonable.  

The support manager of the ICT department came with all kinds of excuses on why 
that could not work in their case, but the successful company parried these excuses by 
examples of how they managed such issues. Finally, the support manager stated: “Our 
goal is to deliver public services. IT is not important for top management. At least that 
is the feeling. Our end-users appreciate us, but the management team does not endorse 
this.” 
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The portfolio manager of the ICT department stated that working with a priority list 
only works if one feels uncomfortable if a target is not met. They concluded that it was 
no problem to shift the targets since there was enough money and no one had to justify 
themselves. The PMO officer stated that the employees were not motivated to change 
the current situation since there was no need.  Back at the office, they discussed the 
situation, and the head of the ICT department concluded that they were not a project 
organisation, and they stopped the PMO and the use of the PMIS.   

The portfolio manager presented this case at the Goldratt Implementation Group 
(GIG) Europe Congress in Eindhoven (November 2015), where we discussed the case 
with the TOC experts (Theory of Constraints). One of the TOC experts stated that “if 
doing projects is not part of the organisation’s backbone, then the chance of success is 
very limited”. The other TOC experts agreed. This is one of the main lessons we learned 
from this case, and we took it into account when selecting new case study candidates. 

 
Observations from Pre-case 5, ICT department of a semi-government organisation, are 
as follows: 
• Moving milestones can have a devastating effect on the morale to work according to 

priorities since the effect can be that something someone worked on today is not 
important anymore tomorrow. It is better not to meet a milestone deadline and take 
supportive management actions to help the projects flow again (like in case 4).  

• If doing projects is not part of the organisation’s backbone, then the chance of 
success is very limited. 

2.7 Overview of observations and conclusions 

This chapter aims to find some examples of practical experiences that support the 
use of decentralised resource allocation decision-making (OBJ-1, chapter 1.2). This 
objective contributes to the central research question that satisficing results can be 
achieved by combining scheduling heuristics with human intelligence by showing the 
practical relevance of this subject and by providing a basis for selecting relevant theories 
for our design proposition. 

Table 2-1 gives the overview of observations. Although many observations can be 
made, they were limited to observations regarding local decision-making in the resource 
allocation process. Even within that scope, a wide variety of observations appear to be 
symptomatic when overviewing the five pre-cases, e.g. dealing with complexity, the 
(lack of) management attention, the effect of using priority lists, the (devastating) effect 
of KPIs. Also, adverse experiences were selected, especially case 5, since valuable 
lessons can be learned from mistakes. The experiences also show that implementing a 
new resource allocation approach in practice is a time consuming, costly, high-risk 
endeavour without guaranteed success. Also, these experiences and lessons learned 
contribute to investigating the central research question of whether satisficing results be 
achieved by combining scheduling heuristics with human intelligence. 
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Table 2-1 Lessons learned from practical observations 

Pre-case Observations 

1 - Spanish 

graphical imprint 

factory 

Whatever algorithm was designed and implemented, an employee with shop-floor 

knowledge outperformed it. 

A simple priority rule and some guidelines to deviate from this list seem to be 

sufficient to manage a complex environment. 

Management support seems essential to create an environment where employees 

can learn, develop and explore ways to organise their work. 

KPIs can have a negative organisational impact on how the employees deal with 

the priority list.  

2 - Engineering 

Department of a 

cable company 

Emphasise on the learning process to embed the new way of resource allocation in 

the organisation and get the engineers’ feedback on improving the process. 

Measuring the output per team that is working according to the priority list is a 

good driver for process improvement.  

Lead time reduction and due date performance are an effect of team performance. 

Turning the effects into KPIs can lead to the opposite effect caused by build-in 

safety to meet this KPI. 

Management support has a considerable impact on the results, both positive and 

negative, especially regarding measurements imposed by management.  

3 - Fiber to the 

office  

 

When the workload is not balanced with the available capacity and there is no 

clear way to plan your work, it leads to stress and less job satisfaction resulting in 

impaired organisational performance. 

Even experienced professionals have difficulties making a satisficing decision in 

very simplified environments. We learned that the priority rule certainly helped 

them in the decision-making process. 

Using priorities based on the whole chain of work results in alignment between 

departments. Latencies in one department can be caught up in the next one since 

the status is immediately visible to all involved. 

4 - A shipyard 

facility 

A good enough priority list and freedom and knowledge to deviate from it are 

good drivers for project success. 

Management focuses on the priority items on the list to help the projects to flow. 

The impact of new management can have a severe negative impact on the 

established processes. 

5 - ICT 

department of a 

semi-government 

organisation 

Moving milestones can have a devastating effect on the morale to work according 

to priorities since the effect can be that something someone worked on today is not 

important anymore tomorrow. It is better not to meet a milestone deadline and 

take supportive management actions to help the projects flow again (like in case 

4).  

If doing projects is not part of the organisation’s backbone, then the chance of 

success is very limited. 

 
 



 

 
 
 





 

3 Related Work  

This chapter is based on the article published in Procedia-Social and Behavioral 
Sciences in July 2015. This chapter aims to identify a research gap in literature and 
present an overview of related works. This is the objective OBJ-2 as defined in chapter 
1. The way this chapter fits within the whole structure of this thesis is depicted in Figure 
3-0.  
 

Figure 3-0 Thesis Structure 

We opted for a narrative review in this research phase since the intention was to 
identify and examine prior research about the different resource allocation approaches 
discussed in literature (Boell & Cecez-Kecmanovic, 2015). This initial literature review 
aims to develop an enhanced understanding of the field we operate in. The applied 
approach to the literature review is described in section 3.3. The article starts with an 
introduction and an overview of the article in section 3.1. It ends with conclusions and 
recommendations that define the further direction of this research.  

 

What is good?What do we 
know?

Observations 
from practice

Chap-2

Related work 
Chap-3

MPM success 
criteria related 

to 
resource 
allocation
Chap-4

What can we do?  

Design

Theoretical 
grounding 
for design

Chap-5

Design 
proposition 

Chap-6

Validate 

Case study 
selection
Chap-7

Case study 
set-up 
Chap-8

Data gathering 
& analysis 
preparation

Chap-9

Implementing 
the plan of 

action
Chap-10

What have we 
learned?

Conclusion 
and reflection

Chap-12

OBJ-4.A

Design 
validation
Chap-11

OBJ-4.B

Central 
Research 
Question

Preparation Execution

OBJ-3
OBJ-2

OBJ-1



30      Chapter 3 

28th IPMA World Congress 

Classification of Multi-project Resource 
Allocation Approaches 

 a literature overview from centralised automated- to decentralised 
human decision-making 

Albert Ponsteena, Rob J. Kustersb 
a Founding partner of GLOW-Management and PhD candidate at Dutch Open University in Heerlen, the 

Netherlands  
bProfessor Business Process Management & IT at Dutch Open University in Heerlen, the Netherlands 

Abstract 

Managing a multi-project environment requires a different method than managing a 
single project. The main challenge of managing a multi-project environment is 
allocating scarce human resources over the projects in execution. As part of broader 
research on this topic, this paper aims to identify different multi-project management 
approaches in a structured way. The results of this literature review can be used for 
future research on this topic. In this literature review, the approaches are classified into 
two dimensions. One dimension classifies how the decision-making is organised, 
centralised or decentralised. The other dimension classifies the approaches to 
scheduling, relying on human insights or optimisation algorithms. Based on the Iron 
Triangle of Project Management, a comparative analysis of the multi-project approach 
methods has been performed. The outcome reveals that most approaches set the scope 
as a constraint and minimise lead time by optimising resource allocation with 
centralised heuristic algorithms. An exception is a relatively new method called Scrum-
of-Scrums, a people-oriented decentralised decision-making approach. Scope 
optimisation is the primary objective of scrum. Comparing the performance of the 
different approaches is an interesting field for further study, especially comparing 
automated decision-making with human decision-making. 

3.1 Introduction 

Our research objective is to give in this article a state-of-the-art overview of different 
types of multi-project management (MPM) approaches. Our research question is how 
these different MPM approaches organise resource allocation from a managerial 
perspective. We applied a literature scan and classified different MPM approaches 
based on managerial characteristics to answer this question. The second objective is to 
provide an overview for practitioners to decide which approach fits the best to their 
needs. The third research objective is to define an area for further research.  
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This article consists of the following parts: In section 3.2, a definition of project 
portfolio management is given, which also defines the scope of this article. Section 3.3 
describes the research approach. In section 3.4, a conceptual framework is defined to 
classify different methods. In section 3.5, different multi-project management methods 
are explained. Section 3.6 compares these methods according to the conceptual 
framework. We end section 3.7 with conclusions and recommendations.  

3.2 Definition of Multi-Project Management 

Multi-project Management (MPM) is often confused with project portfolio and 
program management. The definition of project portfolio management changed over the 
years. In the early studies, it was defined as project selection. Later on, the term project 
portfolio management (PPM) was used as project prioritising and, more recently, to 
mean multiple project management (Miguel, 2008).  

A project portfolio can be defined as “a collection of projects or programs and other 
work that are grouped to facilitate effective management of that work to meet strategic 
business objectives” (PMI, 2008, p. 138). Portfolio management is about project 
selection and prioritisation at a strategic level for the long and medium-term to achieve 
strategic business objectives.  

A program can be defined as a group of related projects managed in a coordinated 
way to deliver benefits that would likely not occur if these projects were managed 
independently (Turner & Speiser, 1992).  

A Multi-Project Environment (MPE) is depicted in Figure 3-1. It consists of a set of 
not necessarily functional related projects. Still, they share the same resources from a 
common resource pool. The set of projects is managed in a structured way to be 
delivered according to the organisation’s objectives. MPM is about the short-term 
management of projects in execution at tactical level (Dye & Pennypacker, 2000).  

 
Definition of Multi-project Management: 

Short-term tactical management of a set of projects in execution that share the 
same resources. 

 

Figure 3-1 Multi-project and Resource management 
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In this research, the focus will be on the resource allocation problem within an MPE. 
Resource allocation is the prime challenge of management (Engwall & Jerbrant, 2003). 
The sharing of scarce resources makes the allocation problem complex since it creates 
dependencies between projects. A resource problem in one project can easily cause 
problems in many other projects. Therefore, managing the resource allocation problem 
is crucial for the organisation’s performance. Managers do not know how to properly 
deal with resource allocation under uncertainty in an MPE (Senge, 1990).  

3.3 Approach to the literature review  

A literature review about multi-project management (MPM) and resource allocation 
approaches has shown that the International Journal of Project Management and the 
Project Management Journal are the primary sources of relevant articles on the topic. 
From 2008 until now, the International Journal of Project Management in Business has 
been considered a valuable source. We have reviewed all issues of these journals from 
March 2013 back till 2000, or till the first issue. We have also reviewed the articles 
published in The Journal of Scheduling from March 2013 back till 2006 since it has not 
given any significant insight into different MPM approaches other than different 
variants of heuristic scheduling algorithms. The references of the overview articles of 
Kwak & Anbari (Kwak & Anbari, 2009) and Dong et al. (2008) were beneficial. 
Additionally, an extensive keyword research has been performed up to the point when 
no relevant new articles have been found.  

3.4 Classification of MPM approaches 

This section starts with an overview of different MPM methods found in the 
literature over the last 13 years. After a brief description of these methods, an overview 
is given in Table 3-1. The methods are classified by different characteristics in a 2x2 
matrix (Table 3-2). This classification is based on the main focus of our research topic, 
about how an MPE is organised. 

A popular project management approach (PM) was heuristic Operational Research 
(OR) in the early days. The number of OR publications in popular PM journals 
decreased from 41% in the ’60s to 18% in the 2000s (Kwak & Anbari, 2009, fig 1). 
Nevertheless, the number of heuristic OR publications is still significant. An essential 
characteristic of multi-project environments is uncertainty. Buffer management 
approaches are a class of MPM methods dealing with uncertainty, and Critical Chain 
(Goldratt, 1997) is one of the most frequently used. Resource-sharing policies form a 
different class designed to deal with the inevitable conflict within a matrix organisation 
between project-, resource- and portfolio management (Laslo & Goldberg, 2008). 

Resource allocation is organised in a decentralised way in the Multi-agent approach, 
contrary to the classes mentioned above. Agile Scrum is a popular MPM method in IT 
development.  As opposed to waterfall IT development, the scope is defined flexibly. 
Multidisciplinary teams with a high level of self-organisation do their work in sprints. 
Scrum-of-Scrums is an MPM approach of agile scrum (Sutherland, 2005). 
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In the Systems Management approach, an MPM environment can also be regarded 
as a system controlled by feedback loops (Aritua et al., 2009). 

An overview of the MPM types is provided in Table 3-1. It is created in accordance 
with the classification listed by Dong et al. (2008),  albeit with less differentiation on 
the heuristic OR methods. 

Table 3-1 Multi-Project Management approaches 

Multi-project 
management approach 

Characteristics References 

Heuristic OR  Optimisation algorithms Browning & Yassine (2010),  

Buffer management approaches 

like critical chain 

Dealing with uncertainty Herroelen & Leus (2004), 

Cohen et al. (2004) 

Agile by using Scrum-of-

Scrums 

Flexible scope management Sutherland (2005), 

Greening (2010) 

Multi-agent auction-based 

methods 

Decentralised decision-making Jennings & Wooldridge 

(1995),  

Adhau, Mittal et al. (2012) 

Resource sharing policies with 

dedicated & core teams and 

shared resource pools 

Dealing with conflicts among 

PM, RM and portfolio 

management 

Besikci et al. (2011), 

Hendriks et al (1999) (Laslo 

& Goldberg, 2008) 

Systems management Control by Feedback loops Aritua et al. (2009) 

 
Our primary interest is how the resource allocation in an MPE is organised. The 

question is whether a human or an algorithm makes the decision. Another important 
aspect is whether the decisions are taken in a centralised or decentralised way. 
Automated decisions are calculated based on simplified models of reality. These 
heuristic OR models improve decision-making by incorporating an increasing number 
of variables. The human decision approach is, on the other hand, based on the idea that 
an algorithm can never incorporate all situations that happen in real life and that humans 
are much more flexible to adjust themselves to unpredicted situations. 

 
The MPM approaches of Table 3-1 are classified into two dimensions. Within this 

framework, heuristics OR models are classified as one item as the nature of the majority 
of these models is a centralised decision based on algorithms. Heuristic OR methods 
with fundamentally different characteristics, like the multi-agent approach, are 
classified separately. 



34      Chapter 3 

Table 3-2 Multi-Project Resource Allocation Classification 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3.5 MPM method analyses 

This section analyses how the MPM approaches (Table 3-1) deal with the Iron 
Triangle of project management (PM): time, cost, and quality. In this analysis, cost is 
regarded as resource capacity management and quality as scope. Each method will be 
ranked according to the primary focus to optimise time, capacity, or scope. To achieve 
this objective, freedom in another dimension of the Iron PM Triangle is used. 
Dimensions of the Iron PM Triangle that are not subject to change are regarded as 
constraints. This information is given in Table 3-2. The result is provided in Table 3-3 
in the next section. 

3.5.1 Heuristic methods 
There are two general scheduling approaches to deal with the resource allocation 

problem, with exact or heuristic methods. Since the resource allocation problem is NP-
hard (Non-deterministic Polynomial-time), exact methods are limited to simple 
scheduling problems. Heuristic methods are used to deal with complex problems. A 
wide variety of heuristic methods optimise slack, cost or delay in different project 
settings. In practice, managers cannot comply with the prerequisites that (meta-) 
heuristics require. It takes too much effort to build the formal networks required to 
compute these models. 

 On average, Priority rule (PR)-based heuristics are simpler to compute and require 
less advanced networks and prerequisites. PR-heuristics can be used as guidance for 
managers to make resource allocation decisions. Various studies about PR-heuristics 
show conflicting outcomes. Different project settings, such as the complexity of 
projects, resource utilisation, and resource loading factors, affect the outcome (Kurtulus 
& Davis, 1982). Browning & Yassine (2010) analysed 20 of the most commonly used 
PR-heuristics simulated in 12.130 different settings: some of the PRs performed better 
from the project point of view and others - from portfolio management point of view. 
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Surprisingly, both methods perform significantly better than the current most common 
rule used by management - Minimum Slack (MINSLK). 

 
MPM Classification of heuristic models based on Iron PM Triangle 

Most of the heuristic algorithms are based on optimising activities. Activity 
optimising is regarded as time focused in terms of the Iron PM triangle. Note that a 
significant number of PR-heuristics that apply capacity optimisations perform 
significantly better than activity-based optimisations (Browning & Yassine 2010). To 
summarise: both time and capacity optimisations as primary objectives apply to 
heuristic models. As mentioned in this section, the heuristic models are algorithms that 
support centralised decision-making. The scope is regarded as a constraint instead of a 
management variable of the Iron PM Triangle. 

3.5.2 Critical chain management 
Critical Chain (CC) is a practical approach to deal with uncertainty in single projects. 

Time buffers protect the schedule against uncertainty (Goldratt 1997). In CC Multi-
Project Management (CCMPM), the relation between projects is defined by the 
constraining resource, called the drum resource. If the drum is an apparent resource 
constraint, then a robust drum (constraint) planning is sufficient (W. Herroelen & Leus, 
2004).  In this case, the non-constraining resources have enough capacity to handle a 
reasonable amount of uncertainty and protect the drum schedule. In many cases, there 
is no clear drum which makes managing only the capacity of the drum insufficient to 
control an MPE (Cohen et al. 2004). Environments with (high) variability require a 
more process-based management approach, like a job shop approach, which is more 
sufficient (W. Herroelen & Leus, 2004)  

Cohen et al. (2004) compared CC with Minimum slack (MinSLK), constant number 
of projects in progress (ConPIP) and Queue size control (QSC). It appeared that in a 
multi-project setting, these MPM methods gave at least similar and, in some 
circumstances, even better results than CC. The significant more straightforward 
ConPIP approach, which requires minimal organisational investment, appeared to be a 
good alternative for CC in a multi-project setting. 

A difference between the methods applied by Cohen is whether a system is closed 
or open. CC is referred to as an open control system, QSC as a closed system where a 
control loop regulates the total number of activities. Cohen claims that a closed system 
like QSC enables one to work at higher throughput rates than in CC when the capacity 
buffers are respected. 

 
MPM Classification of Critical Chain based on Iron PM Triangle 

The primary objective of CC is to minimise the lead time of projects. The drum 
capacity is regarded as a resource constraint. However, all other capacity is used as a 
management variable in the Iron Triangle to exploit the drum and reach the objective to 
minimise the lead time. The allocation of capacity is based on centralised decision-
making by the CC algorithm. The scope is not regarded as a management variable in 
CC. Concerning the Iron PM Triangle, scope can be regarded as a constraint. 
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3.5.3 Scrum-of-Scrums  
Scrum focuses on delivering products. Scrum is an adaptive, iterative, people-

oriented approach. The scrum method gained interest in the late 1990s, but the agile 
ideas behind it have been around since the ’70s (Abbas et al., 2008). Other Agile related 
methods are XP (eXtreme Programming), DSDM (Dynamic Software Development 
Method), Crystal, and FDD (Feature Driven Development). Scrum and XP are the most 
adopted agile methods globally, with XP focusing on the development practices and 
scrum on the project management aspects (Hoda et al., 2011). From the point of view 
of management, scrum is our primary interest. 

The multi-project approach of scrum is called Scrum-of-Scrums, enterprise scrum or 
meta-scrum. There is a very limited number of sources about the multi-project approach 
of scrum. Till 2006, only 26 publications have been found. Since then, the multi-project 
approach of scrum has been mentioned in a few hundred publications, but in-depth 
studies on the method are still lacking.  

The equivalent of a scrum sprint at a multi-project level is a quarter sprint. 
Additionally to the daily stand-up meeting on a project level, there is a weekly stand-
up for project Scrum masters, product managers and team leaders headed by the 
Enterprise Scrum master (Greening, 2010). 

 
MPM Classification of Scrum-of-Scrums based on Iron PM Triangle 

Scrum-of-Scrums is a people-oriented, decentralised decision-making approach. 
Scope optimisation is the primary objective of scrum. The scope is negotiable during 
the project and therefore used as a management variable of the Iron triangle. Capacity 
is the second management variable. However, in practice, scrum projects work with 
core teams with low inter-changeability between other scrum projects. Time is a 
constraint by a predefined number of time-boxes called sprints. In some scrum variants, 
like scrum combined with Critical Chain, the last few sprints are used as a time buffer 
to add another degree of management freedom in the Iron PM Triangle. 

3.5.4 Auction based multi-agent system 
Instead of approaching the RCMPSP in a centralised way, the multi-agent system 

approaches it in a decentralised way by using agents. An agent is a software entity that 
has autonomy, is socially able, proactive and responsive. Additional desirable 
characteristics are adaptability, mobility and rationality (Jennings & Wooldridge, 
1995). 

There are project agents, resource agents, and exchange agents in an MPE. The 
project agents submit bids for tasks for which global resources are required. The bid 
size is calculated per time slot as the cost of not having this resource. A local decision-
making algorithm calculates these bids. During this auction, project plans are virtually 
rescheduled at the current time. The auction is an iterative heuristic process. After 
several iterations, the exchange agent that runs this iterative bid/auction process 
determines the winner and notifies the resource agent to transfer the resource to the 
winning project agent (Adhau et al., 2012). 
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MPM Classification of Multi-Agent based on Iron PM Triangle 
All Multi-Agent methods are based on local situational decision-making according 

to fixed rules determined by algorithms. The primary objective depends on the method 
used (heuristic); the optimisation focuses on time or capacity. The scope is regarded as 
a constraint instead of a management variable of the Iron PM Triangle. 

3.5.5 Resource sharing policies 
Besides a heuristic OR problem, resource allocation is also a social management 

problem between portfolio, project and resource managers (Laslo & Goldberg 2008). 
Decision-making is based on resource sharing policies. Besikci et al. (2011) 
summarised the following resource sharing policies.  

 
A. Shared Resource Policy 

This policy is a multi-project approach where all projects in the portfolio use a shared 
resource pool. The advantage is the efficient use of resources; a disadvantage is project 
delay because of resource unavailability. The resource allocation in a multi-project 
setting is complex. 

 
B. Resource Dedication Policy 

Dedicated resources are assigned to a single project in the portfolio. This approach 
has not got much attention in literature and is also referred to as a multiple-single project 
setting. The advantage of this policy is that the resource allocation problem is settled at 
the beginning of the projects. The complexity of controlling the portfolio of projects in 
execution is comparable with controlling a single project. One of the disadvantages is 
the less efficient use of resources compared to a multi-project setting. Another 
disadvantage is that a project manager primarily focuses on the single project’s 
performance characteristics (Browning & Yassine, 2010). 

 
C. Relaxed Resource Dedication Policy 

According to the relaxed dedication policy, resources who finish their work for one 
project are allocated to new projects. This way of allocation is more common than the 
full resource dedication policy. 

 
D. Generalized Resource Management Policy 

The generalised resource management policy combines the three mentioned types of 
resource sharing: sharing all resources, using dedicated resources, and using the relaxed 
resource dedication policy. For each resource type, a different constraint policy is used.  

Also, the type of resource can be considered. A project needs a group of team 
members at the heart of the project, the core team members. Core team members are the 
employees dedicated to the project. Another group of resources that are needed only 
from time to time are the experts, and these resources are typically allocated to multiple 
projects. Although uniqueness is a typical project characteristic, some types of tasks are 
included in every project. When an activity is routine-like, and the quality is largely 
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independent of the chosen resource, it can be defined as a service. Services can be 
planned more efficient as specific resources (Hendriks et al., 1999).  

 
MPM Classification of Resource sharing policies based on Iron PM Triangle 

The resource sharing policies are agreements on a management level. In the first 
instance, a project and resource manager should come to an agreement. If impossible, 
the portfolio manager is the one who makes a decision. Decision-making is human in a 
largely centralised setting. 

The primary objective depends on the resource sharing policy of the company. The 
primary objective of dedicated resource policy is to minimise lead time, at least for the 
top priority projects. The primary objective of the shared resource policy is capacity 
optimisation. As management variable in the Iron PM Triangle, a certain amount of 
slack in time is required to fit the capacity puzzle. The relaxed resource dedication 
policy and the generalised resource management policy are hybrids, where the relaxed 
policy tends more towards time optimisation than the generalised policy. For all 
policies, the scope is regarded as a constraint instead of a management variable of the 
Iron PM Triangle. 

3.5.6 Systems management 
An MPE is regarded as a complex adaptive system in the systems management view. 

The focus should be on the interrelationships instead of individual projects. The 
feedback loops in the system provide an adaptive behaviour to the external environment. 
The system is self-organising as people act in concert with each other, all for their own 
reasons (Aritua et al., 2009). Aritua listed six characteristics of complex adaptive 
systems according to the complexity theory; (1) inter-relationships, an MPE interacts 
with the environment as an open system. (2) Adaptability, the system is adapting itself 
to the environment. (3) Self-organisation, systems tend to the order or self-organisation. 
Individuals act in similar ways in harmony with one another. (4) Emergence, the whole 
is greater than the sum of its parts. Risk and values can be better managed in a multi-
project context than in a single isolated project. (5) Feedback, information circulates, is 
modified by others, then comes back to influence the behaviour of the originator either 
positively (amplified) or negatively (dampened). (6) Non-linearity, small changes in the 
MPE can have significant and unpredictable consequences in the outcomes of the 
system.  

 
MPM Classification of Systems management based on Iron PM Triangle 

The primary objective depends on the goal of the feedback loop; organise the system 
to optimise time or to optimise capacity. For both options, the scope is regarded as a 
constraint.  
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3.6 Comparison and result analysis 

Based on the analysis of individual methods in the previous section, Table 3-3 
presents a classification of management focus regarding time, scope, and capacity for 
each MPM approach. To control the Iron PM Triangle, one dimension is regarded as 
the objective; another dimension is regarded as the freedom of management to achieve 
the objective. Dimensions that are not subject to change are regarded as constraints and 
are denoted in Table 3-3 by a non-capital letter. I.e., at the end of section 5.2, the 
classification of Critical Chain is stated as follows: the primary objective to optimise 
Time can be achieved by manipulating Capacity while keeping the scope as a constraint; 
this will be denoted as T - C – s. This is described at the end of each MPM approach 
description. 

Table 3-3 Multi-Project Management Classification based on management focus 
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Except for Scrum-of-Scrums, the constraint of all MPM methods is scope. 

Nevertheless, even when the scope is the constraint in the other MPM methods, it can 
and will be subjective to change. Contrary to Scrum-of-Scrums, scope changes will be 
regarded and handled as an exception. Capacity and time can also be regarded as 
constraints; one should deliver a project within a certain budget and time. What is meant 
by this order is the primary objective for optimisation, i.e., if the organisation wants to 
be regarded as a fast delivery supplier, their primary focus will be lead-time. Since speed 
and efficiency are a trade-off, this can harm the efficient use of the capacity.  

Some MPM methods drawn in Table 3-3 have multiple strings. There are different 
underlying decision-making rules with different primary objectives regarding time and 
capacity in those cases. The boxes drawn in Table 3-3 are not isolated. Hybrids are 
common practice. For example, PR-heuristics are often used to support a human 
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management decision. An interesting field for future development is how centralised 
management information can support decentralised human decisions.  

3.7 Conclusions and recommendations 

 In this paper, we described the results of a literature review on the approaches to 
dealing with the MPM problem. As a result, a classification of such approaches was 
developed. Table 3-3 shows that most MPM approaches are based on automated 
centralised decision-making. More recently, social management approaches have been 
used to manage an MPE. A popular approach in the IT industry that takes advantage of 
decentralised human decision-making and self-regulation is Agile scrum. However, the 
multi-project variant, Scrum-of-Scrums, is under-explored.  

Practitioners can use this classification based on their primary objective and 
management style. To be fasted on the market requires a different approach than to be 
the cheapest. Furthermore, a hierarchical organisation requires a different approach than 
a decentralised organisation. 

The third objective is to define the area for further research. The dimensions of Table 
3-3 will be used to scope this area. Because an MPE is a complex environment, one 
should handle the dynamics associated with this complexity. Humans are much more 
capable of adapting themselves to unforeseen situations than algorithm-based solutions. 
From this point of view, automated decision-making is less applicable for MPM. As a 
second issue, these dynamics reveal themselves in the first instance on the shop floor. 
The area where the professionals operate with the knowledge, information, and skills to 
deal with the actual situation. For this reason, our preferred management approach is 
bottom-up. In terms of Table 3-3, it ends up in the decentralised human decision-making 
quadrant. 

Based on these arguments and the fact that decentralised human decision-making 
MPM approaches are relatively under-explored, we want to focus further research on 
this area. For our further research, it will be interesting to study if the performance of 
an MPE can be improved by stimulating self-regulation based on centrally provided 
management information in professional working environments.  

 



 

 
 





 

4 MPM Success Criteria Related to 
Resource Allocation 

A systematic literature review 

4.1 Introduction 

In chapter 3, we have seen that making successful resource allocation decisions 
appears to be a troublesome issue for managers without an agreed solution in literature. 
This thesis aims to design and validate an approach leading to satisficing resource 
allocation decisions. Before figuring out how to improve resource allocation decision-
making, we first need to define how to recognise success. Therefore, the objective of 
this chapter is to reveal success criteria from literature that are influenced by resource 
allocation. Knowing these success criteria allows one to evaluate the quality of a 
resource allocation decision. We will conduct a systematic literature review (SLR) and 
present the revealed success criteria in a framework. 

Figure 4-1 shows how this chapter fits into the structure of this thesis. We start this 
introduction by defining the scope of this chapter (par. 4.1.1), followed by identifying 
related works regarding resource allocation success criteria (par. 4.1.2). Paragraph 4.2 
describes the methodology of conducting the SLR, the categorisation, and how validity 
and reliability are ensured. Paragraph 4.3 describes the execution and results of the SLR, 
and paragraph 4.4 does the same for the categorisation. Finally, paragraph 4.5 ends this 
chapter with the conclusions and future research recommendations. 

Figure 4-1 Thesis Structure 
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4.1.1 Scope of this research 
This research aims to define how to recognise resource allocation’s success. When 

referring to (project) success, literature frequently distinguishes between two 
components of success (Müller & Jugdev, 2012):  
• “Success	 factors, which are the elements of a project which, when influenced, 

increase the likelihood of success; these are the independent variables that make 
success more likely.  

• Success	criteria, which are the measures used to judge on the success or failure of a 
project; these are the dependent variables that measure success.” 
 
The measures used to define the degree of success or failure are the metrics related 

to the success criteria. In this study, we are interested in the success criteria, which are 
of a higher level than the metrics. These success criteria tell us where to look to 
recognise if the resource allocation is done “well”. “Well” means a sufficient score on 
the found success criteria. Measuring this score is related to the used metrics, which fall 
outside the scope of this research. This SLR will look for success criteria that are 
influenced by resource allocation.  

Our focus is resource allocation in multi-project environments. However, to reveal 
all relevant success criteria, one should be aware that multi-project management (MPM) 
is often confused with project portfolio management in literature. In this thesis, we use 
the definition as stated in chapter 3: MPM is the short-term tactical management of a 
set of projects in execution that share the same resources. MPM is regarded as a subset 
of portfolio management, and resource allocation is a process within MPM. This chapter 
will cover MPM and portfolio management to reveal relevant success criteria related to 
resource allocation.  

As mentioned in chapter 3, there are many different aspects, politics, and objectives 
related to resource allocation. We, therefore, also expect to find a wide variety of 
success criteria. 

4.1.2 Related work 
We started this research with an explorative literature search to reveal state of the art 

regarding resource allocation success criteria frameworks. Having such a framework 
would be a good starting point to build upon and enrich it with additional findings. 
Unfortunately, we could not find any peer-reviewed frameworks related to resource 
allocation success criteria in an MPE setting. Therefore, we looked at the following 
adjacent areas; a) project-,  b) programme-, and c) portfolio management (PPM).  

For project management (PM), there are many articles about success criteria 
frameworks (over 17.000 hits). Although there are many papers about project success, 
there is only a little agreement about its definition. A project is regarded as successful 
when all stakeholders are satisfied. Shenhar et al. (2001 and 2002) used a well-accepted 
multidimensional approach to define project success. At a high level, these success 
dimensions are 1) meeting design goals, 2) benefit to customers, and 3) commercial 
success and future potential. Although project success overlaps with MPM success, it 
is a different subject. A primary aspect of MPM is to accomplish projects by sharing 
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resources among these projects. The diverse and even conflicting stakes between 
projects are a primary source of politics, sense-making and even fights about scarce 
resources. For this reason, project management success frameworks are less interesting 
for this study.  

Studies about programme management success are focused, not surprisingly, on 
achieving the programme objective and benefits management. In most of these studies, 
resource allocation is not identified as a critical success factor or criterion (Artto et al., 
2009; Shehu & Akintoye, 2009, 2010).   

Since the terms PPM and MPM are often confused and are closely related (par. 
4.1.1), we looked for a success criteria framework for PPM. The most cited and 
interesting references are Müller et al. (2008), Meskendahl (2010) and Jonas (2010). 
Meskendahl (2010) and Jonas (2010) adapted a similar multidimensional success 
approach to Shenhar et al. (2001). Jonas (2010) states that sound quality is achieved if 
the resource allocation is effective and efficient. However, this article does not explain 
how to evaluate the quality of resource allocation. Also, other frameworks do not reveal 
this issue.  

The main research question to answer by this study is:  
 

What are the success criteria for effective resource allocation in multi-project 
environments? 

 
Our objective is to create a framework of success criteria that organisations can use as 
a reference to evaluate the quality of their resource allocation decisions.  

4.2 Methodology 

The methodology to answer the main research question of defining the success 
criteria for effective resource allocation in multi-project environments consists of two 
parts:  

A. What success criteria related to resource allocation can be identified in 
literature? 
Used methodology: Although we could not find a comprehensive overview, we 
found many peer-reviewed articles describing success criteria related to 
different aspects of resource allocation. The success criteria are maybe not 
organised as we would like them to be, but they exist. Therefore, we opt for a 
systematic literature study (SLR) to harvest success criteria from existing 
literature in a scientific and repeatable way. A systematic literature review 
(SLR) is applied based on Kitchenham et al.’s (2009) guidelines to harvest 
success criteria. The SLR approach is described in paragraph 4.2.1. 

B. What framework of categorised success criteria can be made?  
Used methodology: The result of the SLR is an unstructured list of potential 
success criteria. The items can be of different abstraction layers and based on 
different interpretations. There is no automated process to cluster the items 
into a consolidated and categorised list. We need to rely on human judgement 
and create clusters based on consensus.  A method to draw out underlying 
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mental models that will later aid in designing or validating an information 
architecture is card sorting (Paul, 2008). We opt for a card sorting 
methodology since this is a technique based on group-wise consensus-based 
decision-making (Schoenmakers et al., 2018). The card sorting approach is 
described in paragraph 4.2.2. 

4.2.1 The SLR strategy 
To answer the sub-question A, “What success criteria related to resource allocation 

can be identified in literature?” an SLR will be conducted. As an approach to executing 
this SLR, we follow the criteria for quality assessment as proposed by the Centre for 
Reviews and Dissemination (Kitchenham et al., 2009): 
• “Are the review’s inclusion and exclusion criteria described and appropriate?  
• Is the literature search likely to cover all relevant studies?  
• Did the reviewers assess the quality/validity of the included studies?  
• Were the basic data/studies adequately described?” 
 
The SLR inclusion and exclusion criteria 
Inclusion criteria: 
• Peer-reviewed academic journal articles 
• Peer-reviewed conference papers 
• Full-text availability in Open University library 
• Articles are written in the English language. 
 
Exclusion criteria: 
• Patents, Books, Citations, non-peer-reviewed papers, non-English papers 
• Non-availability of the full text in the university library 
• Non-digitized articles 
• Articles without reference list  
• No master thesis. 
 
Strategy to cover all relevant studies 

 “Success means different things to different people” (Freeman & Beale, 1992). In 
other words, different stakeholders have different perceptions of the quality of a 
resource allocation decision. Therefore, to maximise the coverage of relevant studies, 
we search for possible success criteria for resource allocation in multi-project 
environments from the following different angles in the literature: 

 
1. Success criteria of resource allocation in multi-project environments. 
2. Position of resource allocation in multi-project management. 
3. The interests of MPM stakeholders regarding resource allocation.  
4. The interests of stakeholders regarding project portfolio management. 
5. Quality criteria of resource allocation in project management. 
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Five researchers will conduct the SLR1, each covering one of the partly overlapping 
aspects. Two senior researchers supervise this process. The first of the five listed items 
is a generic search for resource allocation in general. Besides MPM, a query is used to 
cover also criteria related to portfolio management since both terms are often confused 
in literature (par. 4.1.1). To validate this query, we will manually review the issues of 
the top 5 journals that delivered the most potential success criteria. If we find other 
interesting articles, we will adapt our query. Studies 2-5 deal with specific aspects of 
resource allocation and are less comprehensive than the first study.  

The queries used can be found in Table 4-1. In addition to the query search, the 
snowball and reverse snowball methods are used to search for references and articles 
that refer to relevant literature.  

The source for the literature review is the Open University library. This library 
includes essential databases concerning the areas of interest, e.g., EBSCO databases, 
Wiley, Science Direct, JSTOR, Springer, IEEE, ACM, AIS, etc.  

As Kitchenham et al. (2009) propose, covering all relevant studies cannot be 
guaranteed. Therefore, the subject of “success” is too versatile. Still, with the described 
approach, we apply the measures proposed by Kitchinham to do it as correctly as 
possible. 
 
Strategy to assess the quality/validity of the included studies  

Kitchenham et al. (2009) guideline is covered by the inclusion/exclusion criteria. A 
criterion is added to ensure that only peer-reviewed journal articles are included. The 
Open University library has an option to provide this criterion automatically. Finally, 
the research team will review the results to ensure that the process is applied as 
described and review the outcomes.  

 
Strategy to describe the basic data/studies adequately 

The articles found will be evaluated in three phases: (1) Title scan to check whether 
it gives any indication that the article discusses the subject of interest. (2) Abstract and 
conclusion review to check whether it is plausible that the success criteria could be 
revealed from the article. (3) Article review to subtract success criteria and an 
explanation in which context the criteria were found. The outcomes are listed in a 
database together with their source.  
 

With the described strategy in this paragraph, we apply all of Kitchenham’s 
guidelines to ensure a reliable and valid SLR.  

4.2.2 Success criteria categorisation strategy 
We opt for a card sorting approach to categorise the unstructured list of potential 

success criteria revealed by the SLR. There are two different card sorting categorisation 
types: pre-design and post-design methods (Paul, 2008). Post-design methods are used 

 
1
 We thank the master students Tim Nuis, Geert van Stuijvenberg, Ferdy Berg and Susan van Maarseveen 

for their valuable input and their permission to use their result to accomplish this study, 
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to validate or edit an existing categorisation. Since our starting point is an unstructured 
list of potential success criteria, we opt for an open card sorting, which is a pre-design 
method. Open card sort is the best method for drawing out an underlying mental model 
of the participants since it allows them to create new categories and remove cards (Paul, 
2008). 

The card sorting is done by the PhD candidate and two senior researchers. The 
categories constructed during the card sorting process should meet the following 
guidelines as defined by Merriam & Tisdell (2015, p.212): 
• Be responsive to the purpose of the research (categories are the answers to your 

research questions). 
• Be exhaustive (enough categories to encompass all relevant data).  
• Be mutually exclusive (a relevant unit of data can be placed in only one category).  
• Be as sensitive to the data as possible (the naming of the category should be as 

sensitive as possible to what is in the data). 
• Be conceptually congruent (all categories are at an equivalent abstraction level). 
 
To meet these guidelines, we planned to do several sessions: 

Session 1: The initial open card sort aims to meet the exhaustive guideline. During 
this session, each participant gets a set of cards. Each card contains a potential success 
criterion. One by one, the participants read out loud the card’s content. After the first 
card is placed on the table, the participants define if the next card belongs to the same 
category or requires a new category. We used similarity or homonymity as a clustering 
criterion. The categories are created based on group consensus. The group's success 
criteria regarded as irrelevant are excluded from the sorting procedure. If no 
categorisation consensus is reached, the success criteria are put aside for the subsequent 
sorting round. 

Session 2: In a follow-up session, the researchers analyse if the defined categories 
are conceptually congruent and mutually exclusive. We use similarity as the criterion to 
merge categories when needed.  

Session 3: After the categories are defined, we name them based on the data content 
to make them as sensitive to it as possible. Besides the naming, we also define each 
category. Since we become more specific about the definition of each category, some 
cards may have to move from one category to another or even fall off and be classified 
as “not relevant”.   

The guideline to be responsive to the purpose of the research applies to each stage 
of the process. We are aiming for a reliable and valid card sorting process resulting in 
categories that are the answers to the research question.  
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4.2.3 Validity & Reliability strategy 
We apply the positivist tradition that embraces four commonly used criteria: internal 

validity, construct validity, external validity, and reliability (Gibbert et al., 2008).  
Construct validity refers to the extent to which a study investigates what it claims to 

investigate. We formulated a research question and defined a search strategy following 
Kitchenham et al. (2009) guidelines. In the SLR process, where selection is made by 
the individual researchers, we deliberately aim to find a comprehensive list covering 
multiple definitions and aspects of success. We are aware that this list of items can be 
too broad given the research scope, but we aim to limit the selection bias. The items 
found that do not contribute to what the study claims to investigate are filtered out by a 
team of researchers during the card sorting based on the guidelines of Merriam & Tisdell 
(2015, p. 212).  

Internal validity (“logic validity”) refers to the causal relationships between variables 
and results. For each found item, the evidence must support the claim. The defined SLR 
methodology ensures that each item found should logically support our research 
question. To a great extent, this validity is guaranteed by automating the query search 
and the inclusion and exclusion criteria. However, the final selection of the items is a 
human-driven process vulnerable to selection bias. The measures described for the 
construction validity are also applied here to ensure internal validity. The logic about 
why the found items by the SLR are grouped into a success category by the card sorting 
process is described in 4.4.3. Besides the definition, this paragraph also gives an 
overview of the evidence supporting this definition.  

Reliability refers to what extent the data and the analysis can be repeated with the 
same results, independent of the specific researchers. As mentioned by internal validity, 
the SLR can be automated to a great extent, except for the selection. Also, card sorting 
depends on human insight. By conducting the study with a team of researchers 
experienced in the subject, describing the steps of the process and sharing the 
intermediate findings, we aim to ensure reliability and validity. 

External validity refers to the extent to which the findings are applicable in other 
cases than the research area. We opt to find multiple sources for each success criterion 
to cover applied in many research areas. Since we only include peer-reviewed sources, 
it is likely that the individuals’ revealed items have external validity. A quality check 
of the used references could ensure this. Given the broad scope of this SLR and the 
applied inclusion and exclusion criteria, we assume that external validity is provided 
sufficiently by applying this approach. 
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4.3 Success criteria identified in literature 

4.3.1 SLR execution and results 
The search queries used for each of the five study aspects are displayed in Table 4-1. 

The results are displayed in Table 4-2. In total, 101 unique, relevant articles were found 
out of 2136 reviewed. From these relevant articles, 521 potential success criteria were 
revealed. We call the revealed items “potential” since the research team will judge 
together during the card sorting process if the found item fits in the scope defined in 
paragraph 4.1.1. The items revealed in literature can be found in 4.4.3.  

Since the first aspect, the success criteria of resource allocation in multi-project 
environments, has the broadest scope, we wanted to ensure that our search criteria were 
correct. To validate our query, we manually reviewed the journals that delivered most 
of the articles we found till 2015. The journals involved were the International Journal 
of Project Management, the Project Management Journal, and the International Journal 
of Managing Projects in Business. We reviewed the titles and abstracts of all issues back 
to the year 2000 or till the first issue. This did not result in additional research outcomes 
or changes in the search keywords. So, we continued using  this query to search for 
articles till 2022.  

Table 4-1 SLR library search queries 

Study aspect Search Query 
1. Success criteria of resource 

allocation in multi-project 

environments 

 

(“portfolio management” OR “project portfolio*” OR “multi 

project*” OR “multiple project*” OR multi-project* OR “program 

management”) 

AND (“success factor*” OR “critical success” OR “success 

criteria” OR “Success drivers” OR CSF)  

AND (“resource allocation” OR “allocation of resources” OR 

“resource management” OR “resource constraint*”) 

2. Purpose of resource allocation 

in multi-project management 

“multi-project management” AND (“purpose” OR “criteria”) AND 

“resource allocation” 

3. The interests of stakeholders 

regarding resource allocation 

“criteria” AND “multi project management” AND “stakeholders” 

4. The interests of stakeholder 

regarding project portfolio 

management 

Query 1: (stakeholder) AND (Abstract:("project portfolio 

management")) 

Query 2: (("stakeholder interest") OR ("stakeholder needs") OR 

("stakeholder expectation") OR ("stakeholder requirement") OR 

("stakeholder satisfaction") OR ("stakeholder benefit")) AND 

("project portfolio management") 

5. Quality criteria of resource 

allocation in project management 

("project management") AND ("resource management") AND 

("resource allocation") AND (("quality") OR ("criteria")) NOT 

("heuristic") 
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Table 4-2 Results of SLR 

Study aspect #Articles 
found by  
the 
query 

#Articles 
selected 
after 
title 
review 

#Articles 
selected 
after 
review & 
snowball 
procedure 

#Articles 
used for 
success 
criteria 

#Potential 
success 
criteria 

1. Success criteria of resource 

allocation in multi-project 

environments 

1849 416 101 64 393 

2. Purpose of resource allocation 

in multi-project management 

70 9 12 12 41 

3. The interests of stakeholders 

regarding resource allocation 

49 46 56 

 

15 27 

4. The interests of stakeholder 

regarding project portfolio 

management 

36 

 

53 

2 

 

2 

6  4 23 

5. Quality criteria of resource 

allocation in project management 

63 40 16 

 

8 37 

4.4 Success criteria categorisation 

4.4.1  Categorisation execution 
The card sorting was performed as described by the methodology in paragraph 4.2.2 

in three sessions by the PhD candidate and the two senior researchers. 
In the first session, 161 of the 521 cards were categorised. The remaining 360 cards 

were considered “not relevant”. Most of the cards considered “not relevant” were 
success factors instead of success criteria1. These “not relevant” cards were factors that, 
when influenced, drive resource allocation success. The first session resulted in 24 
categories.  

In the second session, we analysed the results. Some categories addressed a more 
detailed area than others, or categories were very similar to each other. We merged the 
categories to get them conceptually congruent on the same abstraction layer. This 
resulted in 16 categories.  

In the third session, we named the categories based on the data content to make them 
as sensitive to it as possible. The sharper definition of the categories resulted in moving 
a few cards from one category to another. Moreover, some categories like job 
autonomy, budget management, and hiring policies were entirely discarded. These 
categories influence resource allocation as success factors. However, they are not 
success criteria because they are not directly impacted by resource allocation.  

Finally, the card sorting resulted in 131 of the 521 cards categorised in 13 success 
criteria. Table 4-3 shows the categorisation results. In each category, some examples 
are given. The description of the success criteria and their sources is provided in 

 
1
 See 4.11. for the definition and difference between success factors and success criteria. 
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paragraph 4.4.3. Following this process, we achieved the result in line with the 
guidelines of by Merriam & Tisdell as described in paragraph 4.2.2. 

4.4.2 Categorisation results 
The card sorting resulted in the categories presented in Table 4-3. Each category 

reflects a success criterion impacted by resource allocation in a multi-project 
environment. This framework can be used to evaluate the quality of resource allocation 
decisions. The definition of these categories and their literature sources can be found in 
paragraph 4.4.3. In the table, we provide a few examples that are characteristic of this 
category. 

Analysis of the results showed that SLR study 1 (par. 4.2.1),  about the success 
criteria of resource allocation in multi-project environments in general, covered all 
thirteen categories. The other four SLR studies, about specific aspects, contribute to ten 
of the thirteen categories but did not result in new categories. This indicates the 
completeness of the categories found. Based on these results, it is more likely that 
additional research will find additional support for the defined categories than that it 
will result in different categories at the same level of abstraction. 



MPM Success Criteria Related to Resource Allocation    53 

Table 4-3 Resource allocation success criteria framework  

Success 
criterion ID 

MPM Resource allocation success criteria  

SC-1 Maintained project priority 

 - Priority is used as the driver for resource allocation 
 -  Delivering projects in order as defined by business strategy  
 - Achieving average project success 

SC-2 Correct amount of capacity per phase of the project  

- Considering resource constraints 
- Balancing resource supply & demand 

SC-3 Limited multitasking of staff 

 - Managing project interdependencies and resource conflicts   
 - Limiting the number of concurrent projects and preventing (bad) multi-tasking 

SC-4 Loaded but not overloaded capacity 

 - Utilizing resources, do not waste labour cost 
  - Managing the workload of  experts concerning their capacity 

SC-5 Balance between permanent teams and rotating staff 

 - Sharing scarce resources across projects  
 - Establishing core teams 
 - Establishing cross-functional teams 

SC-6 Fitting the project manager allocated 

 -  Assigning a competent project manager 
 -  Project has a clearly identifiable project manager 

SC-7 Adequate quality fit of staff 

 - Adequate assignment based on expertise 
 - Individual skills are leveraged 

SC-8 Adequacy of intra & extra team communication 

 - Considering internal team communication 
 - Considering external team communication 

SC-9 Adequacy of intra & extra team cooperation 

 - Considering cooperation within the team and with other teams 
 - Careful selection of the team mix 

SC-10 Staff satisfaction 

 - Taking care of the well-being of each employee 
 - Stimulating self-realisation and self-esteem among employees 
 - Individual commitment & motivation 
 - Establishing a sense of meaningfulness and personal reward 

SC-11 Team respect, confidence & trust 

 - Respecting established core teams (do not tear them apart) 
 - Having confidence, respect, and trust in the assigned resources 

SC-12 Staff learning enabled 

 - Job rotation 
 - Looking for learning opportunities 
 - Cross-training of team members 

SC-13 Organisational learning enabled 

 - Freedom to explore 
 - Allocating time for skunkworks 
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4.4.3 Success criteria results overview 
This paragraph states for success criterion the definition, a discussion and the source 

items revealed from literature. The references related to the source items revealed from 
literature can be found in a separate “Reference SLR MPM resource allocation success 
criteria” list. 
 
Success criterion SC-1 Maintained project priority 
Definition 

Human resources are allocated according to the agreed project priority by a business 
strategy. This ensures that the project with a higher priority receives the resources 
needed prior to the one with a lower priority in a similar situation.  
 
Discussion 

Priorities provide planning clarity to stakeholders while also taking their interests 
into account. As a result, projects are delivered in order as defined by a business 
strategy. Priorities help implementing the organisation’s strategy to generate the most 
significant value for the organisation. However, one must be aware that the priories can 
be subjective.  

Table 4-4 Literature related to maintained project priority 

Source item revealed from literature Source 

Priority setting and resource re-allocation (Engwall & Jerbrant, 2003) 

Are resources assigned to the highest priority projects? (Dye & Pennypacker, 2000) 

Prioritising and relocating resources to solve bottlenecks (Biedenbach, 2011) 

Planning and prioritisation: allocate resources to the most important 

feature first 

(Karlstrom & Runeson, 2005) 

Link organisational strategies to the distribution of resources across 

projects 

(Stettina & Hörz, 2014) 

Resource allocation to projects reflects our strategic objectives 

(Strategic fit) 

(Voss & Kock, 2013) 

Aligning resource allocations with strategy (Oosthuizen et al., 2016) 

Linking project decisions to the business’s strategy via strategic 

buckets 

(R. G. Cooper & Edgett, 2003) 

Project-Portfolio success: Balance quality (Baumann et al., 2016) 

Project-Portfolio success: Timing 

Average project success (Jonas, 2010) 

Meeting project objectives (Thamhain, 2013) 

Are projects completed on time, within budget, and to the required 

quality standard? 

(Dye & Pennypacker, 2000) 

Deadlines (Blichfeldt & Eskerod, 2008) 

Completion date (Lee & Miller, 2004) 

Project duration 
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Source item revealed from literature Source 

Minimising project duration (Browning & Yassine, 2010) 

Minimise project or portfolio delay (tardiness). 

Minimise average project delay 

Minimise the cost of delay 

Minimise total lateness or lateness penalty 

Time (Davis, 2014) 

Minimising deviation from set goals (Marasović et al., 2019) 

 

Success criterion SC-2 Correct amount of capacity per phase of the project  
Definition 

Human resources are allocated according to the need for resources per project phase.  
 
Discussion 

Within this criterion, a strong focus is placed on the work to be delivered per phase 
and the skills and resources required to do this work. Supply and demand must be in 
balance. Underload means efficiency loss. Overload means a potential delay in all 
projects that require this skill. Rejecting this criterion is explained by lacking knowledge 
of the skills and resources necessary per product. Also, the lack of integrated planning 
can be a reason not to use this criterion. As a result, resources are not always available 
when needed since they are overloaded.  

Table 4-5 Literature related to correct amount of capacity per phase of the project 

Source item revealed from literature Source 

Balancing the limited resources available against the demand (R. G. Cooper et al., 2004b) 

Balancing the project within the portfolio with respect to the 

organisation’s capacities 

(Stettina & Hörz, 2014) 

Solving resource contingencies (Millhiser & Szmerekovsky, 2012) 

Resource constraints such as available capital and technical 

workforce over the planning horizon are considered 

(Archer & Ghasemzadeh, 1999) 

Staff workload  (Marasović et al., 2019) 

 
Success criterion SC-3 Limited multitasking of staff 
Definition 

Human resources are allocated such that resource conflicts between projects are 
managed.  
 
Discussion 

The issue with multi-tasking is not only the efficiency losses due to context changes. 
Potential task completion delays and potential project delays can harm the organisation 
even more when not managed properly. Multi-tasking is typically an issue in multi-
project environments where scarce resources are allocated for efficiency reasons to 
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multiple projects simultaneously (SC-4).  Having clear priorities (SC-1) and inter-
project resource levelling limit multi-tasking, even when resources are allocated to 
multiple projects.  

Multi-tasking is not always bad. Switching from a lower-priority task to a higher-
priority activity that has just become available can shorten project durations. Also, if 
support is required for one task while working on another could be an excellent reason 
to multitask. E.g., supporting a long-duration task like a field test in the last phase of 
one project while working on the initial phase of another project.   

Table 4-6 Literature related to limited multitasking of staff project 

Source item revealed from literature Source 

Functional managers should consider the number of projects 

managed concurrently by each individual 

(Steyn & Schnetler, 2015) 

Do not spread resources over too many projects  (Cooper et al., 2004) 

Prevent doing too much other work, stay focused 

Prevent multi-tasking  (Millhiser & Szmerekovsky, 

2012; Pacagnella et al., 2019) 

Inter-project process, in this sense, is referred to the necessary steps 

for carrying out concurrent projects to achieve a specific objective 

(Bathallath et al., 2016) 

The productivity of employees working on different projects 

concurrently is challenging to assess 

(Borštnar & Pucihar, 2014) 

Reduce multi-tasking (Patanakul & Milosevic, 2009) 

Limit the number of concurrent projects per resource to increase 

efficiency 

(Steyn & Schnetler, 2015) 

Limit multi-tasking (Cooper et al., 2004b) 

Manage resource dependency between projects (Bilgin et al., 2017) 

Maximise resource levelling (Browning & Yassine, 2010) 

 
Success criterion SC-4 Loaded but not overloaded capacity 
Definition 

Human resources are allocated aimed at complete and uninterrupted utilisation of 
project participants’ capacity. 
 
Discussion 

The arguments found regarding this success criterion are contradicting. On one hand, 
for efficiency reasons, resources should be fully loaded. Making them dedicated to one 
project is a means to achieve this.  However, on the other hand, resources should be 
used effectively, based on their skills and expertise. In many cases, this requires other 
people than the dedicated project employees, which is hard to plan efficiently. 
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Table 4-7 Literature related to loaded but not overloaded capacity 

Source item revealed from literature Source 

Achieve the lowest cost (Gang et al., 2013) 

Minimisation of direct labour costs (objective function b): (Laslo & Goldberg, 2008) 

Wasted labour costs 

Deal with resource shortages in general. Experts suffer from resource 

shortages, but the other staff are involved in project work only 

occasionally. 

(Elonen & Artto, 2003) 

Are project resources being fully utilised? (Steyn & Schnetler, 2015) 

 
Success criterion SC-5 Balance between permanent teams and rotating staff 
Definition 

Human resources are allocated to balance the dynamics between the core team and 
the flexible project participants. 
 
Discussion 

The balance between a permanent team and rotating staff is a point of attention for 
many stakeholders for different reasons. The arguments favouring rotating teams 
emphasise the engagement of resources, the need for flexibility in planning (if resources 
with specific skills are limited) and promoting knowledge sharing and organisational 
development. At the same time, the arguments in favour of permanent teams aim at 
increased efficacy and efficiency, especially for special projects. 

Table 4-8 Literature related to balance between permanent teams and rotating staff 

Source item revealed from literature Source 

Project teams are organic, flexible, and agile (Cormican & O’Sullivan, 2004) 

Flexibility in the use of human resources (Schnetler et al., 2015) 

Sharing scarce resources among multiple projects will probably 

result in an overall cost saving 

(Bathallath et al., 2016) 

Resource-resource interaction is about sharing resources among 

projects to optimise organisational performance and gain economic 

advantages. 

Cross-functional teams (R. G. Cooper et al., 2004a; R. 

G. Cooper, 2019; Cormican & 

O’Sullivan, 2004; Nicholas et 

al., 2011; Pullen et al., 2009) 

Heterogeneous teams with different skills (Holtzman & Anderberg, 2011) 

Teams from beginning to project end (R. G. Cooper et al., 2004a)  

Each project has a core cross-functional team which remains on the 

project from beginning to end 

(Nicholas et al., 2011) 

All projects had an assigned team of players who worked on specific 

projects 

(R. G. Cooper & Kleinschmidt, 

2007) 
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Success criterion SC-6 Fitting the project manager allocated 
Definition 

Human resources are allocated by taking the management skills and expertise of the 
project leaders into account (matching the project needs). 
 
Discussion 

Besides focusing on the best fit for the project, the learning aspect should also be 
considered by offering development opportunities for project managers and leaders. 

Table 4-9 Literature related to fitting the project manager allocated 

Source item revealed from literature Source 

A project manager’s competencies and focus (Davis, 2014) 

Good project management and Leadership (Abdul-Rahman et al., 2012) 

Deficient management by project managers (Lesca & Caron-Fasan, 2008) 

Allocation of right PM to project (Seboni & Tutesigensi, 2015) 

Each project has a clearly identifiable project leader (Nicholas et al., 2011) 

The team leader was dedicated to this one project  (R. G. Cooper & Kleinschmidt, 

2007) 

 
Success criterion SC-7 Adequate quality fit of staff 
Definition 

Human resources are allocated so that the qualitative skills of the project participants 
fit with the project’s characteristics. 
 
Discussion 

By assigning adequate staff, the performance of projects will increase. Besides that, 
assigning appropriate work ensures motivated project employees. Besides focusing on 
the best fit for the project, the learning aspect should also be considered by offering 
development opportunities for the employees.  

Table 4-10 Literature related to quality fit of staff  

Source item revealed from literature Source 

Teams: Expertise "team members were typically chosen based on 

availability, not expertise. Adequate sourcing of expertise was an 

essential condition for success. 

(Blindenbach-Driessen & 

Ende, 2006) 

The availability of key resources should be the determining factor 

when an aggregate schedule of projects is developed. 

(Steyn & Schnetler, 2015) 

Job Skills & Expertise. "Job skills and expertise of the team members 

appropriate for the project work." 

(Thamhain, 2004) 

Adequate resources. "The resources must be in place! Serious in 

resource adequacy for NPD across many functions for a large number 

of businesses;" 

(R. Cooper, 1998) 
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Individual skills are effectively leveraged within and between project 

teams 

(Cormican & O’Sullivan, 

2004) 

Adequate resources (R. G. Cooper & Kleinschmidt, 

2007) 

Team Experience. "more experienced teams are more capable of 

producing knowledge for the organisation, either by socialisation 

among members, or by the solutions employed, especially to attend 

complex specifications and constant changes that occur in project 

manufacturing" 

(Pacagnella et al., 2019) 

 
Success criterion SC-8 Adequacy of intra & extra team communication 
Definition 

Human resources are allocated to strengthen the team’s communication, not only 
within the team but also with external stakeholders.   
 
Discussion 

Different communication skills are required depending on the role in the team and 
its composition. Communicating in a functional team requires other communication 
skills than within a cross-functional one. Communicating externally with a supplier, 
customers, or management also requires different skills. During resource allocation, one 
should be aware that together the team can manage various communication aspects 
within the team and the outside world. 

Table 4-11 Literature related to adequacy of intra & extra team communication 

Source item revealed from literature Source 

Good cooperation and communication across the key 

internal stakeholders involved. 

(Anderson, 2008) 

Communication between project teams is efficient and effective (Cormican & O’Sullivan, 2004) 
 

Communication among team members is efficient and effective 

Virtual team members seamlessly communicate with each other 

Teams: External team communication (Blindenbach-Driessen & Ende, 

2006) 

Information frequently flows between different units (Oosthuizen et al., 2016) 

Quality of communication (Steyn & Schnetler, 2015) 

Effective lines of communication (Abdul-Rahman et al., 2012) 

The team interacted and communicated well and often, with frequent 

project update meetings, progress reviews, and problem resolution 

sessions.  

(R. G. Cooper & Kleinschmidt, 

2007) 

Effective communication among team members (Thamhain, 2012) 

Open communications  (Turner & Zolin, 2012) 

Success in Project Planning: • The project has well-established 

information and communication routines. 

Effective communication (Oak & Laghate, 2016) 

Increased frequency of communication (Schnetler et al., 2015) 



60      Chapter 4 

Success criterion SC-9 Adequacy of intra & extra team cooperation 
Definition 

Human resources are allocated to strengthen the project team’s cooperation within 
the project team. 
 
Discussion 

Similar to communication, different cooperation skills are required depending on the 
role within the team and its composition. A careful selection of the team mix is 
necessary to ensure good cooperation within and outside the team. Adequate 
cooperation aims to create an efficient and effective work environment and prevent 
undesired delays. 

Table 4-12 Literature related to adequacy of intra & extra team cooperation 

Related items revealed in literature Source 

Collaboration Ability (Jin et al., 2019) 

Cooperation quality (Jonas, 2010) 

Ability to resolve issues and conflicts (Thamhain, 2012) 

Cross-functional cooperation 

Collaboration (Turner & Zolin, 2012) 

Cooperation/collaboration/consultation/ (Davis, 2014) 

Collaboration amongst team members (Schnetler et al., 2015) 

Collaboration aspect (Borštnar & Pucihar, 2014) 

Multi-project Management quality: Cooperation quality (Baumann et al., 2016) 

Collaboration between clients and project (PD and CS) (Backlund et al., 2015) 

Coordination with other teams (Denison et al., 1996) 

 
Success criterion SC-10 Staff satisfaction 
Definition 

Human resources are allocated while optimising the satisfaction of the project 
participants. 
 
Discussion 

This criterion is used for employee development, job satisfaction, and employee 
involvement. Higher job satisfaction leads to better job performance. Sometimes when 
the situation demands it, this is overridden, and the hard skills are leading; that is a 
counterargument not to use this criterion. 
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Table 4-13 Literature related to staff satisfaction 

Source item revealed from literature Source 

Team member satisfaction (Jin et al., 2019) 
Job satisfaction (Schnetler et al., 2015) 

 
Overall team performance 

Individual motivation 

Employee satisfaction (Borštnar & Pucihar, 2014) 

Resource commitment (R. Cooper, 1998) 

Allowing each team member to focus on the areas in which they have 

expertise 

(Holtzman & Anderberg, 

2011) 

A Sense of Meaningfulness (Kirkman & Rosen, 2000) 

Value of personal reward (Putra et al., 2016) 

Absence of the will necessary to get the project underway (Lesca & Caron-Fasan, 2008) 

Increase in self-realization and self-esteem among employees (Blichfeldt & Eskerod, 2008) 

Well-being of the project employee (Delisle, 2020) 

Commitment (Turner & Zolin, 2012) 

 
Success criterion SC-11 Team respect, confidence & trust 
Definition 

Human resources are allocated while respecting established teams and having trust 
in the assigned resources.  
 
Discussion 

Trust, respect, and credibility have to grow between team members and the staff. 
When (re-)allocating employees, one should respect already established teams. So not 
to tear established teams apart but to maintain the core teams. This success criterion 
impacts the cooperation quality and is related to finding a balance between permanent 
teams and rotating staff. 

Table 4-14 Literature related to team respect, confidence & trust 

Source item revealed from literature Source 

Trust, respect and credibility among team members and their leaders (Thamhain, 2012) 
 

Accomplishment & Recognition 

Recognition/Accomplish 

Trust/Respect/Credibility 

Respect and trust (Turner & Zolin, 2012) 

Confidence in the project team (R. G. Cooper & Edgett, 

2003) 

Trust between team members (Schnetler et al., 2015) 
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Success criterion SC-12 Staff learning enabled 
Definition 

Human resources are allocated such that they can improve their skills or acquire new 
ones. 
 
Discussion 

Resource allocation can enable staff learning by cross-training and job rotation of 
team members. This can be achieved by looking for learning opportunities when 
allocating resources This will increase the flexibility of the resource pool. However, this 
can impact the efficiency in the short term and should therefore be considered during 
scheduling.   

Table 4-15 Literature related to staff learning enabled 

Source items revealed from literature Source 

Cross-trained resources in each other’s areas of expertise (Fricke et al., 2000) 

Staff Training (Demirkesen & Ozorhon, 

2017) 

Job rotation between both projects and functional departments (Ayas, 1996) 

Cross-training of team members on jobs within their team (Kirkman & Rosen, 2000) 
 Cross-training of team members on jobs in other teams 

Learning opportunities (Patanakul et al., 2016) 

Incorporate learning effect in scheduling (Van Peteghem & Vanhoucke, 

2015) 

 
Success criterion SC-13 Organisational learning enabled 
Definition 

Human resources are allocated to have some time to explore new development areas 
besides the project work.  
 
Discussion 

Organisational learning and innovations required to ensure the organisation’s future 
are difficult to formalise. However, it is in the scope of resource allocation to reserve 
spare time for employees to work on projects of their own choice or skunk projects. 
Innovations appear to happen without the pressure of time, budget, and scope in an 
adhocracy culture without (too many) formalised processes. Free time to explore can 
lead to high overall innovation performance. 
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Table 4-16 Literature related to organisational learning enabled 

Source item revealed from literature Source 

Resources available for creative and unofficial projects (R. G. Cooper et al., 2004a) 

Technical people were given free time, scouting time or time off to 

work on projects of their own choice. Typically, this was between 10 

and 20 per cent of the workweek 

(R. G. Cooper & Kleinschmidt, 

2007) 

Skunkworks or teams working on unofficial projects were 

encouraged 

Free time and skunk work (Pullen et al., 2009) 

4.5 Conclusions and future research recommendations 

With this chapter, we aimed to understand what “good” resource allocation entails 
before designing a proposition in this area in the following chapters. Our objective was 
to “identify resource allocation success criteria based on literature review” (OBJ-3, par. 
1.3.2). 

The literature review did not result directly in an MPM success criteria framework 
related to resource allocation. However, an SLR resulted in the framework of 13 success 
criteria.  

Five researchers conducted the SLR, each handling a different but partially 
overlapping aspect of resource allocation success. In total, 2136 articles were reviewed. 
The selection resulted in 101 valuable peer-reviewed articles for this study. The SLR 
revealed 521 items related to resource allocation success from these articles. A card 
sorting strategy was applied to classify the items using similarity or homonymity as a 
clustering criterion. This resulted in a framework of 13 success criteria with 131 related 
items found in literature. The remaining 390 items were regarded as “not relevant” for 
this study, mainly because they were success factors instead of success criteria1.  

4.5.1 Relation with and contribution to existing literature 
The most applicable existing portfolio success framework found during the related 

work exploration was that of Jonas (2010). However, we remarked that resource 
allocation was at best addressed at a high level, but these existing frameworks do not 
explain how to judge the quality of resource allocation. Therefore, it is worthwhile to 
analyse how the 13 success criteria of this study fit into the multi-dimensional success 
framework of Jonas. Table 4-17 shows the results of this analysis. 

 
1
 See 4.1.1. for the definition and difference between success factors and success criteria. 
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Table 4-17 Multi-dimensional framework of resource allocation success criteria  

Management 
objective 

Management 
attention area 

Resource allocation success criterion 

Portfolio 

success 

  

Average project 

success 

  

Maintained project priority 

Correct amount of capacity per phase of the project  

Process 

efficiency 

  

  

  

  

  

  

  

  

Allocation Quality 

  

  

  

  

Limited multitasking of staff 

Loaded but not overloaded capacity 

Balance between permanent teams and rotating staff 

Fitting the project manager allocated 

Adequate quality fit of staff 

Cooperation Quality 

  

Adequacy of intra & extra team communication 

Adequacy of intra & extra team cooperation 

Impact on team 

(Shao et al 2012, not 

part of Jonas 2010) 

 Staff satisfaction  

Team respect, confidence & trust 

Portfolio related 

corporate 

success  

Prepare for the future 

  

Staff learning enabled 

Organisational learning enabled 

Source: First two columns are based on Jonas’ (2010) portfolio success framework; this study adds the last 

column. 

The success criteria found by this study could all be related to the management 
objectives of Jonas, the highest level of the multi-dimensional framework. Regarding 
the management attention areas of portfolio success objective, we defined success 
criteria related to the area of average project success. However, the following areas of 
Jonas’ framework are not applicable since the use of synergies (between projects), 
strategic fit, and portfolio balance. These areas can impact resource allocation but are 
not an effect of resource allocation. 

Regarding the management attention area of process efficiency, only information 
quality is not applicable. The management attention area impact on team was added 
based on the success framework of (Shao et al., 2012) since we could not find an 
equivalent in the model of Jonas. Regarding the management attention areas of portfolio 
related corporate success, prepare for the future is applicable. For business success, we 
did not find a success criterion directly influenced by resource allocation. 

With this fit, we fill a gap in literature we identified at the start of this research that 
the existing frameworks do not provide an answer on how to judge the quality of 
resource allocation (par. 4.1.2). Since the framework of Jonas is in line with other well-
sited project, portfolio, and program success frameworks (Shenhar et al. 2001; Pinto & 
Mantel 1990; Cooper et al. 2001; Kaplan et al. 1996) (par. 4.1.2), it is expected that the 
success criteria from this study also matches these success frameworks, although this 
needs to be verified.  
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4.5.2 Validity, reliability & threads 
To ensure validity and reliability, the SLR guidelines of Kitchenham et al. (2009) 

and the categorisation guidelines of Merriam & Tisdell (2015) were applied. Five 
different researchers conducted the SLR. Analysing their results, we found no evidence 
that additional literature review would lead to substantially other success criteria (par. 
4.4.2). The analysis above shows that the categorisation results align with well-accepted 
existing success criteria frameworks. Analysing the applied process and its outcomes, 
we have found no evidence that the results are not valid or reliable.  

However, one should be aware of some validity and reliability threads:  selection 
bias cannot be excluded since individual researchers conduct the SLR. However, by 
conducting the SLR with five researchers, the effect will be limited. Together they 
revealed 521 items from literature. Although we cannot guarantee that items are 
missing, in general, we have no indication that this omission would result in a change 
of categories. 

Although we have as inclusion criterion for the SRL to use only peer-reviewed 
articles, we did not apply any further analysis regarding the quality of the items found. 
Since the articles found are not necessarily focused on the success criteria, further 
research is required to analyse their validity. This could affect the external validity of 
this study. However, given the substantial number of the items found, it is not likely 
that the quality of individual items will influence the categorisation result. 

Regarding the reliability of the card sort, Paul (2008) advised using a minimum of 
four participants. In this study, card sorting was performed by three participants. Since 
the three participants are all experienced in resource allocation, and two of the 
participants are senior researchers familiar with card sorting, we have no indication that 
this limited the reliability of the results. Even when individual items could be placed in 
different categories, it is not likely to result in different categories.  

4.5.3 Recommendations and future research 
We recommend analysing the quality and validity of the used references. As 

mentioned above, it is not likely that it will influence the categorisation result, but it 
will improve the usage of the SLR as a reference to high-quality articles. The second 
recommendation is to validate the success criteria in practice by conducting case studies 
about the applicability of the success criteria at multi-project organisations. This also 
contributes to the validity of this study.  

For further research, we recommend identifying the metrics related to the success 
criteria. These measures allow for defining the degree of success or failure and how 
“well” the resource allocation is done. Furthermore, we recommend identifying and 
classifying the success factors related to the resource allocation success criteria. These 
factors identify what should be influenced to increase the likelihood of resource 
allocation success. As a starting point for this research, the list of items related to the 
success factors, which are also revealed by this SLR, can be obtained from the author 
on request.  
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4.5.4 Conclusion 
Based on these findings, we conclude that objective OBJ-3 is achieved by conducting 

a structured literature review (SLR), followed by a structured classification. A success 
criteria framework is delivered in line with the existing success criteria framework and 
provides more insight into success criteria related to resource allocation. This criteria 
framework can be used to assess resource allocation effectiveness and to enrich existing 
success criteria frameworks.  

 



 

 
 

 





 

5 Theoretical Grounding for Design 

5.1 Introduction 

This chapter contributes to our central research question by providing the theoretical 
basis for objective OBJ-4.A to design an approach leading to satisficing resource 
allocation decisions. Figure 5-1 gives an overview of how this chapter fits in the whole 
structure of this thesis. 
 

Figure 5-1 Thesis structure 

We define this theoretical basis according to the observations from practice as 
described in chapter 2. These observations illustrate different symptoms that regularly 
appear in reality. They led to identifying a wide variety of relevant theories explaining 
the symptoms witnessed. We are looking for a theoretical explanation of the symptoms 
witnessed in practice. According to the CIMO logic, as described in chapter 1, these 
theories are the “generating mechanisms” that create the intended output if applied in a 
proper context. The design is “grounded” (Van Aken, 2004) if there are sufficient 
arguments to reasonably expect that the interventions triggering these mechanisms will 
produce the intended outcome. 

Although the observations made were all focused on the resource allocation process, 
a wide variety of symptoms were witnessed. Therefore, we also expect to see a wide 
variety of theories. These selected theories may not be unique but should be fit for 
purpose. We intend to define a comprehensive list of theories as a basis for our design 
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proposition. All design decisions made in the next chapter should be based on theories 
described in this chapter.  

We start this chapter with paragraph 5.2 to describe the selection of the relevant 
theories based on practical observations. This paragraph ends with an overview of these 
theories. In paragraphs 5.3 to 5.8, we will discuss these theories. Finally, in paragraph 
5.9., we provide an overview of our findings: the selected theories and their primary 
interests for our design proposition. 

5.2 Theories to examine based on observations from practice   

In this paragraph, we select relevant theories based on the observations from practice 
as described in chapter 2. 
A common issue observed from practice is that the decision-makers find it hard to make 
resource allocation decisions. Even in a simplified simulation environment, 
professionals struggled to make acceptable resource allocation decisions (par. 2.4). In 
reality, decision-making is even far more complex because of all kinds of 
unplanned/unforeseen situations and multiple objectives that should be considered. The 
objectives the decision-makers are facing can be even conflicting. To understand what 
makes decision-making “complex”, we have selected the complexity theory to be a 
relevant theory as a basis. 

Once we understand what causes the complexity, we want to learn how to make 
decisions in complex environments. A relevant theory within the cognitive psychology 
that deals with decision-making in complex environments is the bounded rationality 
theory. The bounded rationality theory deals with the cognitive limitations in the 
decision-making process, meaning that not all variables can be considered. The 
statement is that, at best, “satisficing” decisions can be made in complex environments 
(Simon, 1957). This theory provides guidelines for making satisficing decisions in 
complex environments, which helps to learn how to make resource allocation decisions 
in dynamic multi-project environments.  

From the vast majority of the pre-cases, we learned that providing a priority list was 
very helpful in the decision-making process. Since we knew our algorithms were not 
perfect, we allowed the decision-makers to deviate from this list. The combination of 
providing a priority list to base the decision-making on and some freedom to deviate 
from it appeared to be a successful approach. In science, a relevant theory is called 
anchoring and adjustment, which is also part of cognitive psychology.  

We learned from the pre-cases that giving freedom to deviate from the list had more 
success than striving for the “perfect” priority list to eliminate the deviations. In the first 
pre-case we implemented (par. 2.2), we struggled to develop an advanced algorithm to 
make the priority list as “perfect” as possible. We learned that the complexity decision-
makers face could not be solved by using algorithms. It appeared to be impossible to 
incorporate all the variables they had to deal with, which is a lesson that could also be 
learned from the bounded rationality theory. We stopped developing advanced 
algorithms tailored to specific environments and instead used a simple priority rule. The 
scientific area that deals with priority rules and algorithms is operational research. 
Given that a simple priority rule appeared to be sufficient in practice, we decided to 
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select the operational research theory to gain knowledge about simple solutions that 
can be used as a basis for resource allocation decision-making.  

Another aspect learned from practice (par. 5.2) is that whatever algorithm we 
designed and whatever parameter we added, an employee with shop-floor knowledge 
outperformed it. One of the reasons that the employees were superior was that they had 
far more knowledge about the dynamics on the shop floor than it was possible to 
incorporate in the algorithms. This shop-floor knowledge or operational knowledge is 
also called local knowledge. The knowledge management theory is a relevant theory 
that gives guidelines on incorporating local knowledge in the decision-making process.  

In practice, involving local decision-makers in the resource allocation process 
appeared to have a significant organisational impact. The local decision-makers should 
be willing and able to make allocation decisions. The managers (par. 5.3 & 5.6) should 
get used to giving authority to the local decision-makers on such critical processes as 
resource allocation. The local decision-making went fine in some cases, but in others, 
it went not as expected. In one pre-case (par. 5.3), the applied approach was even 
blamed for delivering a negative performance. A relevant theory that supports the 
involvement of local decision-makers in the decision-making process is the social-
technical system design (STSD) theory. We have selected this theory since it provides 
guidelines on how to organise an environment where employees are involved in 
decision-making. 

When developing our design proposition, we discovered that one crucial aspect was 
missing in the pre-cases: learning. It appeared that working with a priority list and 
making resource allocation decisions are not common practices. The local decision-
makers should learn how to make resource allocation decisions and reflect on these 
decisions. We, therefore, selected the learning theory for guidelines on how to facilitate 
the learning process. 

Analysing the pre-cases, we could select more relevant theories, like the impact of 
KPIs or the impact of management changes. We have decided that these implications 
are out of the scope of this thesis, but we take them into account when defining the 
context for our case study.  

 
Summarised, in the following paragraphs, we evaluate:  
• The Complexity theory since it defines complexity and explains why the decision-

making process is perceived as complex. 
• The cognitive psychology since it can help to understand how to make decisions in 

complex environments based on the bounded rationality theory and anchoring and 
adjustment. 

• The operational research (OR) theory for a simple solution to be used as an anchor 
for decision-making. 

• The knowledge management theory to contribute to incorporating local knowledge 
in the decision-making process. 

• The social-technical system design (STSD) theory to help involve local decision-
makers in the decision-making process. 

• The learning theory for facilitating the learning process. 
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5.3 The Complexity theory: different types of complexity 

Resource allocation is so complex that it is classified as strongly NP-hard (Blazewicz 
et al., 1983), meaning that identifying the optimal scheduling solution is impossible in 
polynomial time. Nevertheless, suppose it is possible to identify the optimal schedule. 
Even having this optimal schedule, resource allocation remains complex, which is 
another type of complexity caused by the day-to-day dynamics that cannot be 
incorporated in scheduling algorithms. The complexity theory claims that there are 
different types of complexity, which require different means to handle.  

An overview of different types of complexity within the context of project 
management can be found in Hertogh & Westerveld (2010; par. 5.2). In general, the 
theory distinguishes between two main types: Structural and Dynamic complexity 
(Whitty & Maylor, 2009), Structural and Uncertainty (Williams, 2002) and Detail and 
Dynamic complexity (Senge, 1990). The Structural or the Detail complexity is related 
to many components and a high degree of interrelatedness, like the number of tasks, 
relations, resource types, constraints. Although it is complex and even NP-Hard, this 
type of complexity is manageable. However, the most hindering characteristic of 
complexity is caused by the nature of a multi-project environment (MPE) itself; its 
dynamic character. This dynamic character is caused by all kinds of (unforeseen) 
situations inside or outside the organisation. Also called dynamic complexity (Senge, 
1990; Whitty & Maylor, 2009; Williams, 2002).  
 

Following this prior research, we will distinguish two types of complexity with the 
following characteristics: 
• Structural complexity 

- Many components with a high degree of interrelationships and variety. 
• Dynamic complexity  

- Uncertainty and limited predictability. 
- Non-linear development of projects. 
 
According to Nobel prize winner Murray Gell-Mann, a system is complex when its 

outcome is difficult to predict, and the regularities are hard to describe and not because 
it is random. Although complexity is not a quantitative concept, Gell-Mann stated that 
the length of the description to characterise the system is a measure of complexity (Gell-
Mann, 1994; Hertogh and Westerveld, 2010:191). 
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5.4 Cognitive psychology: making satisficing decisions 

Although algorithms are good at dealing with structural complexity, they have 
limitations to deal with dynamic complexity. This is caused by uncertainty and non-
linearity of projects. The question is whether these OR limitations can partly be fulfilled 
by involving human insight. Asking employees to deal with dynamic complexity is 
asking them to make multi-criteria decisions. Although humans are much more flexible 
than algorithms in adapting themselves to unforeseen situations, they have cognitive 
limitations in making these multi-criteria decisions. Like algorithms, humans can only 
consider a limited number of variables to base their decision on. This paragraph 
describes a relevant theory called bounded rationality theory that deals with these 
limitations. The guidelines provided by the bounded rationality theory are applied in the 
anchoring and adjustment theory, which helps decision-makers to make “satisficing” 
decisions. The anchoring and adjustment will be described in the remainder of this 
paragraph. 

Simon (1957) calls the simplification of reality, where decisions are based on a 
limited number of variables, the bounded rationality. In this simplification of reality, 
we are at best able to make satisficing decisions. As for the decision-making process, 
Simon (1957:270) says: “We are concerned only with finding a choice mechanism that 
will lead it to pursue a “satisficing” path that will permit satisfaction at some specified 
level of all of its needs” (Simon, 1957:270). As guidance, Jones (1999:301) listed the 
“fundamental characteristics” for making satisficing decisions under bounded 
rationality, presented in Table 5-1.  

Table 5-1 Simon’s requisites to make satisficing decisions under bounded rationality 

(a) “Some way of focusing attention,”  

(b) “a mechanism for generating alternatives,”  

(c) “a capacity for acquiring facts about the environment,”  

(d) “a modest capacity for drawing inferences from these facts.”  

Source: Jones (1999:301) based on Simon (1983:20-22) 

It is hard to tell if humans make better resource allocation decisions as compared to 
algorithms. However, if (a) “Some way of focusing attention” is provided by the 
heuristic scheduling algorithms, this can be a good starting point for the decision. 
Heuristics outperform humans to a large extent in dealing with structural complexity, 
which frees up cognitive space to deal with the dynamic complexity. By doing this, we 
apply the principle of anchoring and adjustment (Kahneman et al., 1974). A prerequisite 
is that the anchor is of sufficient quality; otherwise, it will even impair the judgement 
(Epley & Gilovich, 2006).  In the next paragraph, we look into the operational research 
theory for an anchor of sufficient quality.  

Where the anchor fulfils Simon’s requisite (a) to provide focus, it is the adjustment 
that provides “a mechanism for generation alternatives”, requisite (b). However, to 
interpret the anchor and make reasonable adjustments, Simon’s requisites (c) and (d) 
subscribe that a fundamental characteristic is that the decision-maker has the knowledge 
and the capability to make these decisions.  
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In general, the key stakeholders in the resource allocation process, the portfolio, 
project and resource managers, have the formal decision power and capacity to deal 
with (unforeseen) situations on a portfolio level. In that sense, they have the 
“capabilities for drawing interferences from these facts” (d).  

Nevertheless, looking at these scheduling algorithms, one can see that, in general, 
they provide guidance on an operational and tactical level. On the operational level, 
algorithms deliver information on a task and tactical level about resource load and 
availability. Managers’ primary role is to act accordingly on the tactical information 
(Jonas, 2010). However, it is questionable if managers have “a capacity for acquiring 
facts about the environment” (point c) on the operational level. The study of Beringer 
et al. (2013) supports this doubt. It shows that the impact of managers is even negative 
on decision-making on the operational level in a multi-project environment. In that 
respect, it makes sense to involve local decision-makers to make decisions at the 
operational level. However, one should ensure that local decision-makers are capable 
of making these decisions.  

Summarised, cognitive psychology claims, based on the bounded rationality theory, 
that in complex environments like an MPE, satisficing decisions can be made at best. 
Satisficing means that there is room for improvement. The theory argues that a means 
of making satisficing decisions is to apply the theory of anchoring and adjustment. This 
anchor can be provided by means of a priority list. The adjustments can be made by 
local decision-makers who have access to local knowledge to make profound decisions.  

The anchor should be of sufficient quality. Therefore, in the next paragraph, we will 
evaluate the OR theory, the scientific area that deals with priority rules and algorithms. 
For the decision-making on the local level, in paragraph 5.7, we will evaluate the STSD 
theory, the scientific area that suggests how such an environment should be organised. 
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5.5 Operational Research: the anchor for decision-making 

Over the years, the field of OR has been delivering unprecedented contributions by 
developing a wide variety of scheduling techniques to satisfy all kinds of resource 
allocation constraints. With all this research, one can even question if the resource 
allocation problem is solved now. However, Smith (2005: p 3) concluded that the 
problem is “far from being solved”. A reason that the resource allocation problem is not 
solved, as mentioned in paragraph 5.3, lies in the nature of this issue; the resource 
allocation problem is classified as NP-hard to solve (non-deterministic polynomial-time 
hardness, Blazewicz et al., 1983; Brucker, 2006). Generally meaning that no optimal 
solution is available under normal circumstances, and one has to rely on heuristics to 
optimise certain constraints. Given a specific situation and optimality criteria such as 
minimising lateness, makespan, tardiness or unit penalty, these heuristics deliver 
acceptable performance. However, in many multi-project environments, multiple 
objectives are at play. These objectives are often even conflictive by nature, like 
efficiency and speed. Besides these hard constraints, there are also soft constraints like 
personal preferences; something algorithms can hardly deal with. Even if one can 
incorporate multiple constraints in a system, it is a simplification of reality. 

Although scholars can incorporate more and more variables into algorithms, these 
scheduling approaches hardly find their way into practice since managers consider it 
too hard to fulfil all the prerequisites needed to produce reliable management data for 
resource allocation (Caniëls and Bakens 2011). Herroelen (2005) stated that the most 
commercially available scheduling algorithms only embody simple priority rule (PR) 
heuristics. Simplicity is not necessarily a hindering factor since these PR-heuristics 
deliver an acceptable performance without the implementation hassle (Browning & 
Yassine 2010). Browning & Yassine (2010) also stated that PR-Heuristics are very 
important in practice since most project managers are not able or cannot afford to build 
and maintain formal activity networks, which are a prerequisite for using meta-
heuristics. Another reason why PR-heuristics are popular in practice is their 
computational performance. It enables managers to make resource allocation decisions 
quickly.  

There is no optimal PR-heuristic that can be applied in all cases. The PR-heuristic to 
choose depends on the main objectives to optimise. The most common PR-heuristics 
used are based on due date performance. In the cases we described, we also used a due 
date-related PR-heuristic based on the time remaining related to work remaining till the 
due date in the most loaded chain. Haupt (1989) classified this as a dynamic scheduling 
approach with the evident advantage of allowing for up-to-date decision-making 
concerning dynamic changes, like rush jobs or changed due dates. Haupt (1989) warns 
that time-dependent ratio rules should be corrected for abnormalities when the due date 
is missed.  

Regarding the scheduling algorithms in general, we can state that the OR field has 
proven to deal with structural complexity in a satisficing way. Structural complexity 
includes all the components in a project plan with their interrelatedness. However, as 
mentioned in paragraph 5.3, complexity has two faces. Besides structural complexity, 
we also have to deal with dynamic complexity. This aspect of complexity caused by 
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uncertainty and the non-linear development of the projects is hard to catch within the 
boundaries of an algorithm. Scholars even question if it makes sense to put any effort 
into scheduling in environments with high uncertainty (Dvir & Lechler, 2004; Goldratt, 
1997). Instead, Goldratt (1997) also uses a PR-heuristics called critical chain, which is 
classified as a dynamic scheduling approach, proven to be successful in a large variety 
of cases. The advantage of dynamic scheduling PR-heuristics is that it allows decision-
makers to incorporate last-minute (schedule) changes in their resource allocation 
decisions without the need to re-schedule all the projects in the portfolio. 

According to the OR theory, we can conclude that PR-heuristics have proven to be 
successful as a reference for management to base their resource allocation on. PR-
heuristics are widely accepted in practice because of the low implementation and 
maintenance effort required and high computational performance.  

5.6 Knowledge management theory: use of local knowledge 

In paragraph 5.4, we stated that based on the bounded rationality theory, it is 
fundamental that the decision-maker has some knowledge to interpret the anchor to 
make a satisficing decision. In paragraph 5.5, we saw that the proposed anchor contains 
task priorities on an operational level to be executed by the shop floor. The knowledge 
required to interpret the priority list is shop floor knowledge. In the knowledge 
management theory, shop floor or operational knowledge is also called local 
knowledge.  

An overview of local knowledge characteristics is described by Yanow (2004). It is 
depicted in Table 5-2. Because of these characteristics, it is tough to fetch this 
knowledge in a management report and deliver it on time at the proper management 
level before it is outdated. This volatility aspect of information should not be 
underestimated in a dynamic environment like an MPE.  

Yanow (2004) also states that management is not very open to receiving local 
knowledge; the path to management is typically blocked. Or even stronger, local 
knowledge is even “discounted,	if	not	disparaged,	by	more	centrally-located	managers	and	
executives”	(Yanow 2004, p 10). This is an expression of Taylorism, where the workers 
were treated as mindless individuals. 

Table 5-2 Characteristics of Local knowledge vs Expert knowledge 

“Expert” “Local” 
Theory-based Practice-based 

Abstracted, generalised Context-specific 

Scientifically constructed interactively derived 

Academy-based lived experience-based 

technical-professional practical reasoning 

Explicit tacit 

Scholarly everyday 

Source: Yanow, 2004 
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Based on these findings, we conclude that it is hard to share local knowledge with a 
centrally located management. However, the knowledge-management theory gives 
guidelines to facilitate local knowledge sharing with local decision-makers. Nakano et 
al. (2013) identified factors to facilitate tacit knowledge sharing on the shop floor: 
sharing a common language and a knowledge base. Sharing tacit knowledge requires 
an environment of collegiality, trust, and openness through intense communication. The 
management is asked to facilitate appropriate work conditions and communicate 
company goals. HR should facilitate this process by formal and on-the-job training and 
incentives. The interaction between these factors creates an engaging environment 
where tacit knowledge can be shared on the shop floor (Nakano et al., 2013). 

An example of local knowledge sharing, which fulfils to a large extent the factors 
identified by Nakano et al. (2013), can be found in agile scrum environments. The 
strength of these agile scrum approaches is that they have a short-cycle management 
approach. The employees bring in their local knowledge daily and decide upon the 
actual situation within small teams how the work is distributed among them (Sutherland 
et al., 2007). 

So, the knowledge management theory shows that it is hard to share local knowledge 
with higher management but easy to share with local decision-makers in an engaging 
environment of collegiality, openness, and trust. 
 

5.7 The STSD theory: local decision-makers 

Social-technical system design (STSD) is created to incorporate people’s knowledge 
in managing complex organisations. Although there is limited literature available in an 
MPM context, the idea of using local knowledge to improve the management of an 
organisation is proven to be effective by earlier studies in different contexts. Sitter et al. 
(1997) stated that more and more organisations are trying to optimise their complex 
logistical systems by designing advanced technology while ignoring local knowledge 
and self-organising capacity. De Sitter calls this the strategy of “complex organisations 
and simple jobs”, the origin of which is based on Taylorist principles. Eijnatten & 
Zwaan, (1998), De Sitter et al. (1997), Van Amelsvoort (1989) advocate opting for a 
solution characterised by reducing technical complexity, control, staff and coordination 
needs by using local knowledge in the organisation. Although their focus is on the 
social-technical system design (STSD) and ours on the information process capabilities 
of professionals on the shop floor, we believe we can benefit from their findings.  
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The principles, initially defined by Cherns (1987, 1976) to take into account in 
STSD, are: 

 
1. Compatibility: “The process of design must be compatible with its objectives.” 
2. Minimal critical specifications: of tasks to jobs, job to roles, and objectives and 

methods that are absolutely essential should be specified. 
3. The sociotechnical criterion: control as near to the point of origin as possible. 
4. The multi-functionality principle: each element in an organism should possess more 

than one function. 
5. Boundary location: locating responsibility for coordination with those whose efforts 

require coordination if the common objectives are to be achieved. 
6. Information flow: provide information to the point where the action will be needed. 
7. Support congruence: reinforce the behaviours that the organisation structure is 

designed to elicit. 
8. Design and human values: an objective of organisational design should be providing 

high-quality work.  
9. Incompletion: design is a reiterative process; as soon as the design is implemented, 

its consequences indicate the need for redesign. 
 
The ProMes (Productivity Measurement and Enhancement System) literature also 

states that from a sociotechnical perspective, being able to define the “performance 
standards” in a team setting is considered to be a strong motivator (Pritchard et al., 2008; 
Van Tuijl, 1997). 

The effect of the proposed reduction of central control on motivation, job satisfaction 
and stress is described in many related theories like job characteristics theory (Hackman 
& Oldham 1976) and the job demand-resource model (Bakker, 2007). In the light of our 
research, the study of Claessens et al. (2004) is engaging, where Karasek’s job demand-
control model is related to planning behaviour and perceived control of time in a multi-
project context. These job demand factors are also identified as MPM success criteria 
for resource allocation in chapter 4 (see Table 4-2).   
 

Figure 5-2; observed mediation model of Claessens et al. (2004) 

Claessens et al. concluded that giving more authority to employees to plan their own 
work makes them feel less strained, lets them experience a higher perceived control of 
time, be more productive and satisfied with their work (see Figure 5-2). Maybe not 
surprisingly, a higher workload turns out to harm the perceived control of time. 
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However, the workload appears to positively impact job satisfaction to some extent. 
Nevertheless, the authors suggest that if the work is perceived as challenging, the sense 
of accomplishment upon completion is greater.  

However, the management is afraid of losing control by giving authority to 
employees. They expect it will result in chaos and adhocracy or that local entities arise, 
striving for local optima at the cost of organisational objectives. An example of a local 
optimum is that project teams focus on delivering their projects on time at the cost of 
resource efficiency. Another example, the other way around, is that functional teams 
strive for local efficiency at the cost of project objectives.  

So, guidance is required to prevent adhocracy, as Simon’s requisites also stated (see 
Table 5-1, item a). In the next chapter, we discuss how to provide this guidance. Taking 
the point of guidance aside, there are merits involving decision-makers on an 
operational level in resource allocation decision-making by using their access to local 
knowledge. Based on existing literature, it is likely to assume that this leads to improved 
satisficing allocation decisions (Beringer et al., 2013; Claessens et al., 2004; Van 
Amelsvoort, 1989). 
 

5.8 The learning theory: facilitating the learning process 

In the previous paragraph, we spoke about involving local decision-makers in 
making resource allocation decisions. We ask the local decision-makers to make multi-
criteria decisions about one of the most troublesome issues for managers that even the 
most advanced algorithms cannot solve optimally. In the previous paragraph, we found 
evidence in the field of social-technical system design (STSD) that besides the required 
(local) knowledge, local decision-makers in general also can make complex decisions 
like resource allocation (Van Amelsvoort 1989, De Sitter et al. 1997).  

De Sitter et al. (1997) also stated that there should be an explicit focus on the learning 
aspects to facilitate the organisational change leading to process improvement. 
Therefore, in this paragraph, we are looking for a theory facilitating the learning process 
to improve the local decision-maker’s ability to make acceptable resource allocation 
decisions. Since this extension of the task of the local decision-maker requires a learning 
mechanism, we will start with the general ideas about learning and identify models that 
can be applied to facilitate the learning mechanism.  

The ability to perform a specific task requires knowledge, while learning is the 
process of extending and enriching (van Solingen et al., 2000). Argyris (1976) argued 
that the basis of the learning process in decision-making starts with having or acquiring 
the right information, or as stated in one of our prerequisites to make satisficing 
decisions, it is required to have “a capacity for acquiring facts about the environment” 
(Table 5-1, item c). In the previous paragraph, we stated that an essential part of the 
information involved in decision-making is local knowledge. This knowledge has a tacit 
and dynamic character which is not easy to transfer to managers. In that respect, we can 
conclude that the local decision-makers have an information advantage over 
management by having access to local knowledge.  
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Based on this information, we can continue with the next step: the learning process. 
The learning process theory is quite extensive. This thesis will focus on the learning 
theory essential to facilitate the learning process in our resource allocation process. 
According to Kolb (1984 p:33), the concepts used for learning have a “remarkable 
similarity” with the concepts used by Simon for decisions making. The different 
theoretical areas reinforce one another. 

In the learning theory, one can distinguish individual learning from group learning. 
Although the local decision-maker needs personal skills to make resource allocation 
decisions, it is the group that needs to accept these decisions to be successful. Without 
neglecting the prerequisites for individual learning, our primary focus will be on group 
learning. These prerequisites for individual learning can be derived from the well-
known Experimental Learning model of Kolb (Merriam et al., 2007 p:164): 
• concrete experience: willingness to be actively involved in the experience 
• reflective observation: ability to reflect on the experience 
• abstract conceptualisation: analytical skills to conceptualise the experience 
• active experimentation: decision-making and problem-solving skills to use new ideas 

in practice 
 
Group learning is about a set of people sharing the same learning goals and learning 

process to contribute to the synergy of the organisation. Group learning is also called 
organisational learning. In organisational learning, a process is supported based on 
newly acquired knowledge, and new insights into current behaviour are modified (van 
Solingen et al., 2000). The outcome of an effective learning process is adapted 
behaviour. Although people can learn together, organisations or groups cannot learn; 
only individuals can (van Solingen et al., 2000). So, individual learning processes are 
essential to group learning processes.  

According to Argyris (1976),  the learning process consists of two learning modes: 
• Single-loop learning: learning where the actor only learns from specific situations 

with the context of an applied theory or process. 
• Double-loop learning: learning that starts with the analysis of events. Learning is not 

limited to the specific event but analyses the underlying process, policy or theory 
that led to the outcome of an event. The outcome of this analysis can lead to altering 
the underlying process. 
 
Facilitating the learning process is crucial to organisations where people deal with 

cognitive processes (Garvin 1993), like resource allocation and decision-making. Van 
Solingen et al. (2000) provide an overview of applying learning as the basis for process 
improvement in an engineering environment. They concluded that “facilitation of 
learning is not easy” and creating an organisational structure to establish effective 
learning is a “major challenge.” They developed a conceptual model based on extensive 
literature research to facilitate the learning process.  
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The model of van Solingen et al. (2000) contains the following learning enablers:  
• Climate of openness: establishing a context with free flow of information, open 

communication, sharing of problems and lessons learned, and open debate of ways 
to solve problems 

• Scanning for knowledge: gathering knowledge about conditions and practices 
outside the direct environment. 

• Information on context and the current state of the system: the current status of a 
project, product and organisation will be made explicit. 

• Team learning: the process in which the learning processes of the individual 
members are combined, the learning results are shared, and the total learning result 
is more than the sum of the individual learning results). 

• Possibilities for control: taking (corrective) actions by executing new or additional 
process actions to create specific effects. 

• Involved leadership: leaders articulate a vision and take part in the implementation 
of ideas, and are actively involved in the learning processes. 

• Explicit goal definition: targets are made explicit in an objective and measurable 
way. 

• Monitoring performance gap: establishing a shared perception of the gaps between 
the actual and desired performance state. 
 
We left out the enabler of modelling the system under control since this mainly 

focuses on the software development process and is less applicable to the resource 
allocation process. 

Although the authors state that enablers may be vague and do not yet point out 
exactly ‘what’ needs to be done and ‘how’, they have proven successful in practice. We 
also looked for more recent literature about learning enablers in an engineering 
environment. Although Van Solingen et al. (2000) is well cited in this area, we did not 
find an update of their conceptual model in the literature. Although in a different 
context, we found recent research of Camps et al. (2011), who successfully applied the 
organisational learning concept (OLC) in a production environment. Instead of focusing 
on the learning enablers, OLC focuses on measuring the organisational learning 
capabilities by measuring the following five dimensions: experimenting, risk-taking, 
interaction with the external environment, dialogue, and participative decision-making. 
These OLC dimensions are derived for a significant part from the same literature as van 
Solingen et al. (2000) is referring to, like Nevis (1995),  (Senge, 1990) and Kolb (1984), 
which can explain the overlap between the two.  

There is a recent study in a production environment by Nakano et al. (2013) that is 
also in line with Van Solingen et al. (2000). Interestingly, this research focuses on 
stimulating learning by sharing tacit knowledge among the workforce. The enablers 
creating a tacit knowledge sharing environment are openness, collegiality, trust, 
individual initiative, managerial action, and a combination of formal and on-the-job 
training. According to the authors, this creates an engaging working environment where 
people develop a shared language and a common knowledge base. 
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Although the models have their pros and cons, it is outside the scope of this research 
to combine them or define the “best” one. Our objective is to find an acceptable concept 
that helps to facilitate the learning process in an engineering environment. For this 
reason, we have chosen the model of Van Solingen et al. (2000). This model is well-
cited, has proven to be successful in an engineering environment like we are heading 
for, and explicitly addresses the learning enablers to drive process improvement. Note 
that these enablers are largely in line with the other models we reviewed (Camps et al., 
2011; Nakano et al., 2013).  

5.9 Overview theoretical basis for a design proposition 

Here is the overview of the relevant theories gathered based on our observations from 
practice which will be used in the next chapter as the basis for the design proposition. 

 
• The complexity theory claims that there are two types of complexity: structural and 

dynamic complexity.  
• We looked at the cognitive psychology for a theory of how to make decisions in 

complex environments, which resulted in the bounded rationality theory and the 
anchoring and adjustment theory. 

• The bounded rationality theory claims that in an NP-hard environment, like an MPE, 
satisficing decisions can be made at best.  

• The anchoring and adjustment theory shows under what circumstances the priority 
list can serve as an anchor and how deviations from the priority list can lead to 
satisficing decisions. 

• The operational research suggests that PR-heuristics can provide a suitable anchor 
for decision-making, are widely accepted in practice and can be implemented with 
reasonable small effort. 

 
As mentioned in chapter 1, resource allocation under uncertainty is not solely a 

technical knowledge problem as it is, for example, approached in the operational 
research area. E.g., social and learning aspects of this problem are equally important. 
Although we ended up with a wide scale of theoretical areas, there is a cohesion between 
them; the theories found appear to be compatible at this stage, reinforcing one another. 
At the end of this thesis, we will evaluate any interaction problems between the selected 
theories.  



 

 
 





 

6 Design Proposition 

6.1 Introduction 

This chapter aims to fulfil objective OBJ-4.A to design an approach leading to 
satisficing resource allocation decisions. Applying a case study using this approach 
should answer the central research question of this thesis if satisfying results can be 
achieved by combining scheduling heuristics with human intelligence. Figure 6-1 gives 
an overview of how this chapter fits in the whole structure of this thesis.  

Figure 6-1 Thesis structure 

As defined in chapter 1, we follow the design science research (DSR) strategy of van 
Aken et al. (2007) to develop the design proposition. In our case, we have one 
proposition, but there can be multiple design propositions in general. The design 
proposition is a theoretical approach to solve a management problem that applies to a 
broad range of organisations facing the same issue. In our case, this is the resource 
management problem in organisations that share scarce resources among multiple 
projects in progress.  

The design proposition is the primary research product of DSR. Van Aken et al. 
(2007:35) states that the most powerful design propositions are “grounded” and field-
tested. The design is “grounded” (Van Aken, 2004) if there are sufficient arguments to 
reasonably expect that the interventions will produce the intended outcome. In this 
chapter, we will ground the design proposition based on the theories from the previous 
chapter. We will define the design proposition using the CIMO logic, a well-known 
approach in the design science research approach to create a proposition in a structural 
way. The CIMO logic describes which intervention (I) shall be applied in a particular 
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context (C) to achieve a specific outcome (O) by using a certain mechanism (M) based 
on theoretical concepts (Denyer et al., 2008). 
 

On a high level, our design proposition is as follows: to guide the resource allocation 
process in a professional project organisation, we provide task lists to local decision-
makers prioritised by the objectives set by higher management. The task prioritisation 
is based on scheduling heuristics that can deliver an acceptable benchmark. For further 
improvement of the resource allocation, we rely on the local knowledge of the decision-
makers. We authorise the local decision-makers to deviate from the priorities if they 
have good reasons to do so. The expected outcome is improved resource allocation 
decisions. We speak about improvement if consensus and consistency in the decision-
making process results in an increased rate of accepted resource allocation decisions 
over time. 

Based on the theories described in chapter 5, there are reasons to assume that the use 
of local knowledge can lead to satisficing resource allocation decisions. Local decision-
makers have the (local) knowledge to respond to unforeseen situations on the work 
floor. This local knowledge is not easily transferable to management or algorithms 
because of its tacit and volatile nature. However, when applied correctly, this 
knowledge advantage of the local decision-maker leads to improved resource allocation 
decisions. The design proposition defines the required interventions and context to 
make this happen, and a case study can be applied to prove its validity.  

 
The structure of this chapter is based on the CIMO logic. First, paragraph 6.2 gives 

a general description of the design proposition in CIMO terms. Then, paragraph 6.3 
provides the guidelines to operationalise the interventions (I) that trigger the 
mechanisms (M) producing the intended output (O). We opt for a purposeful sampling 
approach (Coyne, 1997; Patton, 2014) to demonstrate that the design proposition can 
work if applied in the proper context (C). To select a proper case study candidate, 
paragraph 6.4 defines the context (C) by a set of context guidelines in which the design 
proposition is applicable. Paragraph 6.5 summarises the operational and context 
guidelines and a traceability matrix to the underlying theories to check if the design 
covers the underlying principles. Finally, in paragraph 6.6 there is a conclusion stating 
if the CIMO logic could be applied in a structural way and if it reasonably can be 
expected that the design proposition will produce the intended output. 

6.2 A general overview of the design proposition 

This paragraph gives an overview of the design proposition using the CIMO logic. 
On a high level, the proposition consists of one primary intervention (I); authorise local 
decision-makers to make resource allocation decisions. We want to trigger the 
mechanism (M) of using local knowledge in the resource allocation decision-making 
process by implementing this intervention. The expected outcome (O) is improved 
resource allocation decisions. 
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This paragraph explains how this intervention may lead to the expected outcome. 
Based on the primary intervention, we defined three intervention types: 

I-1. Authorisation intervention: allowing local decision-makers to make decisions. 
I-2. Reference intervention: using scheduling heuristics as a basis for the decision-

making and adjusting if needed. 
I-3. Learning intervention: facilitating the process of structured learning. 
 
Figure 6-2 gives an overview of the design proposition using the CIMO logic. The 

mechanisms (M) triggered by these intervention types (I) are based on the theories 
found in the previous chapter. Although drawn in isolation, the combined output (O) of 
all intervention types contribute to “improved resource allocation decisions”. This thesis 
refers to this combined output as “consequence”, which is not a CIMO term. 

Following the CIMO logic, this output is expected when the interventions are applied 
in a particular context (C), denoted by the rectangular box in Figure 6-2.  On a high 
level, this context is a multi-project environment with shared resources over the projects 
in progress. 

Figure 6-2: Design proposition based on CIMO logic. 

The interventions, as well as the required context, are based on principles stated in 
chapter 5. Table 6-1 gives an overview of the underlying principles per theory. Cultural 
or other aspects that cannot be realised within a reasonable time frame are considered 
context variables. The context also defines the scope of the design proposition. In the 
next paragraph, we will start with the principles that the interventions can reasonably 
influence. 
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Table 6-1: Theories and their underlying principles (summary of chapter 5). 

Theory  Underlying Principles 

Sociotechnical 

system design 

(STSD) 

1.1 Compatibility: the process of design must be compatible with its objectives. 

1.2. Minimal critical specifications: tasks to jobs, job to roles, objectives & methods.  

1.3 The socio-technical criterion: control as close to the point of origin as possible. 

1.4 The multi-functionality principle: each element possesses more functions. 

1.5 Boundary location: designate responsibility for coordination to the one 

responsible. 

1.6 Information flow: provide information to the point of action. 

1.7 Support congruence: reinforce the behaviour. 

1.8 Design and human values: objective should provide a high quality of work. 

1.9 Incompletion: design is a reiterative process; its consequences indicate the need 

for redesign. 

Bounded reality 2.1 Establish “Some way of focusing attention.” 

2.2 Establish “a mechanism for generating alternatives.” 

2.3 Establish “a capacity for acquiring facts about the environment.” 

2.4 Establish “a modest capacity for drawing inferences from these facts.” 

Anchoring & 

Adjustment 

3.1 Use an anchor as a cognitive bias for decision making. 

3.2 Use scheduling heuristics with acceptable performance. 

3.3 Allow adjustments to the scheduling heuristics. 

Learning 

enabling theory 

4.1 “Climate of openness.” 

4.2 “Scanning for knowledge.”  

4.3 “Information on context and current state of the system.”  

4.4 “Team learning.”  

4.5. “Modelling of the system under control.”  

4.6 “Possibilities for control.”  

4.7 “Involved leadership.”  

4.8 “Explicit goal definition.” 

4.9 “Monitoring performance gap.”  

Source: Theories of chapter 5; STSD principles (Cherns, 1976), Bounded Rationality (Jones, 1999:301), 

Anchoring and Adjustment (par. 4.3), Learning theory (van Solingen et al., 2000). 

6.3 Interventions and their generating mechanisms 

This paragraph describes how each of the intervention types (I) defined in Figure 6-2 
can achieve a specific outcome (O) by using a particular mechanism (M). Denyer et al. 
(2008) also speak about “generating mechanisms”, meaning that these mechanisms 
create the intended output if the intervention triggers them if applied in a proper context.  

For example, suppose we want to eat a boiled egg, which is this CIMO experiment’s 
outcome (O). Coagulation is a generating mechanism. The mechanism of coagulation 
produces a boiled egg if applied in a proper context. This context (C) is a pan of water 
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at the right temperature. The intervention (I) is to put the egg in the water and boil it for 
some time. We can describe all the context and intervention details we like to tune the 
output, but the primary mechanism is coagulation.  

This paragraph describes how the interventions lead to the expected output based on 
the generating mechanisms. According to the intervention type, we will define a set of 
operational guidelines based on the theoretical principles listed in Table 6-1. Paragraph 
6.4 describes these principles covered by the context. Finally, traceability matrix Table 
6-4 gives an overview to guarantee that our design proposition covers the used 
theoretical principles.   

6.3.1 Authorisation intervention  
The first generating mechanism of the authorisation intervention is the socio-

technical system mechanism. This intervention aims to make better use of local 
knowledge to make satisficing resource allocation decisions.  

The socio-technical system design theory shows that delegating authorisation to 
lower levels stimulates the employees’ self-organising (intrinsic motivation) capacity, 
leading to increased organisational output. 

Although we refer to the STSD mechanism in general, evidence of an improved 
organisational output has also been found in an MPM context by increasing job 
autonomy. For example, the study of  Claessens et al. (2004) showed that an increased 
feeling of job autonomy leads to more perceived control of time, less stress, more job 
satisfaction and an improved organisational output (paragraph 5.7). Thus, we have 
reasons to assume that our authorisation intervention will improve the resource 
allocation process if applied in the appropriate context. 

We also trigger the second generating mechanism, bounded rationality, by 
authorising local decision-makers. The extension of the decision-space with the local 
knowledge of the decision-maker increases the opportunity to make “satisficing” 
resource allocation decisions. However, the decision-maker has cognitive limitations. 
Adding more information will not lead to better decisions automatically. To harvest the 
opportunities revealed by the added local knowledge to the decision space, one should 
consider the rational boundary prerequisites. These prerequisites are as follows: “some 
way of focusing attention”, “a mechanism for generating alternatives”, “a capacity for 
acquiring facts about the environment,” “a modest capacity for drawing inferences from 
these facts” (see Table 5-1). We covered these prerequisites in the operational 
guidelines below.  

 
Based on the theory and reasoning in this paragraph, we derived the following 

operational guidelines: 
G-1 Humans make the final resource allocation decision. 
G-2 Decision-makers must have access to local knowledge. 
G-3 Make the resource allocation decision close to the moment of task 

execution. 
G-4 Decision-makers should be authorised to make resource allocations 

decisions on operational level. 
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G-5 Project tasks are allocated to resources instead of the other way around. 
The following part of this section provides more details about the operational 

guidelines. 
 

G-1 Humans make the final resource allocation decision. 
The reasons to involve human insights, as stated in paragraph 5.4, are that they can 

handle unforeseen situations better than algorithms. Humans also can deal with “soft 
constraints”, which are hard to incorporate into an algorithm.  

Letting humans make the final resource allocation decision opens up the opportunity 
for satisficing decisions (Simon, 1957). This ability to deal with the so-called dynamic 
complexity is essential since this is one of the main problems of managing a multi-
project environment (Dvir & Lechler, 2004; Goldratt, 1997). 

Implementation of this guideline triggers the mechanism of authority delegation by 
applying the following principles as stated in Table 6-1: 
• STSD principle 1.8: Design and human values. Rely on humans’ capability to deal 

with dynamic complexity and soft constraints. 
• Bounded rationality principle 2.4: humans have a “modest capacity for drawing 

inferences from these facts” in situations that are hard to embed in algorithms.   
 

G-2 Decision-makers must have access to local knowledge. 
According to Simon (1983), to make satisfying decisions about resource allocation 

on the operational level, the decision-maker must have “a capacity for acquiring facts 
about the environment”. Because of the tacit and volatile nature, this local knowledge 
is hard to catch in (monthly) management reports. By access to local knowledge, we 
mean that decision-makers have direct access to the people who have the local 
knowledge or that decision-makers have the local knowledge themselves. Incorporating 
this information into the decision-space increased the opportunity to improve the 
resource allocation decisions. 

Implementation of this guideline triggers the mechanism of authority delegation by 
applying the following principles as stated in Table 6-1: 
• STSD principle 1.6: Provide information to the action point by allocating resources 

in the hands of decision-makers who have direct access to local knowledge. 
• Bounded rationality principle 2.3: Decision-makers have a capacity for acquiring 

facts about the environment since they have access to local knowledge. 
 

G-3 Make the resource allocation decision close to the moment of task execution. 
Because of uncertainty and non-linear development of the projects, the added value 

of making a resource allocation decision in advance is questionable (Dvir & Lechler, 
2004; Goldratt, 1997). Therefore, it is preferred to make a resource allocation decision 
as close to the moment of task execution as possible.  

Implementation of this guideline triggers the mechanism of authority delegation by 
applying the following principles as stated in Table 6-1: 
• STSD principle 1.3: The socio-technical criterion: control as near to the point of 

origin as possible by making the allocation decision close to the moment of task 
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execution. This item partly covers this principle since the STSD theory also refers to 
the decision authority, which we will cover in the following guideline.   
 

G-4 Decision-makers should be authorised to make resource allocation decisions on 
operational level. 

The previous guideline also implies that employees operating close to the work floor 
make resource allocation decisions instead of higher management. As a result, executive 
management must delegate resource allocation decision-making to lower levels of the 
organisation. We call these decision-makers “local decision-makers”. Besides being 
authorised, it is also crucial that the local decision-makers are cognitively able to make 
these decisions. In guideline G-1, we’ve already stated that humans, in general, are more 
capable of dealing with dynamics than algorithms. On top of it, the study of Beringer et 
al. (2013) confirms that local decision-makers make even better operational decisions 
than managers do (see par. 5.4). In Simon’s terms, local decision-makers have “a 
mechanism for generating alternatives” to deal with the dynamics that reveal themselves 
on the work floor. 

The studies in the area of STSD also support the stimulation of companies’ self-
organising capacity by giving more authority to people on the work floor (De Sitter et 
al., 1997; Van Amelsvoort, 1989; Van Eijnatten et al., 1998).  

Implementation of this guideline triggers the mechanism of authority delegation by 
applying the following principles as stated in Table 6-1: 
• Bounded rationality principle 2.4: Having a modest capacity for drawing inferences 

from the facts is covered by authorising local decision-makers who have direct access 
to local knowledge (see G-2). 

• STSD principle   
- 1.3: The socio-technical criterion: control as near to the point of origin as 

possible.  
- 1.5: Boundary location: locating responsibility for coordination to one 

responsible; by delegating the resource allocation to lower levels in the 
organisation, close to the point where the dynamics occur, namely the work 
floor. 

 
G-5 Project tasks are allocated to resources instead of the other way around. 

In a multi-project context where resources from a common pool are shared over 
projects, a project manager does not have an involved team like in a single project 
environment, meaning that task allocation is happening not within the context of a 
project but within the context of all projects in progress. We propose that local decision-
makers allocate tasks to resources in a decentralised setting. E.g., a team leader of 
carpenters may assign the upcoming tasks requested by several projects to their team 
members. Bear in mind that this is opposite to what is common in matrix organisations, 
where resources are allocated to projects.  
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Implementation of this guideline triggers the mechanism of authority delegation 
targeted by applying the following principles as stated in Table 6-1: 
• STSD principle 1.1: The process of designing must be compatible with its objectives 

without fighting for resources and focusing on the objective to deliver the projects 
in such an order as requested by higher management.  

6.3.2 Reference intervention 
The first generating mechanism of the reference intervention is anchoring and 

adjustment. This intervention aims to better understand the management information 
and reduce the complexity of making satisficing resource allocation decisions.  

According to anchoring and adjustment, decision-makers will unconsciously assess 
their decisions based on the first item that draws their attention. The only thing to be 
applied to get the mechanism started is an anchor showing the top priority items that 
require a resource allocation decision. The generating mechanism will do the rest, and 
the result is that decision-makers will make satisficing decisions. The anchor should be 
of sufficient quality; otherwise, this anchor may probably lead to worse decisions (Epley 
& Gilovich, 2006; Simon, 1957). 

The second generating mechanism of the reference intervention is Simon’s bounded 
rationality theory (Kahneman, 2003). Incorporating local knowledge of the local 
decision-makers adds a valuable source of information that extends the boundaries of 
rationality. However, more information will not necessarily lead to better decisions due 
to cognitive limitations. The anchor helps to overcome a part of the cognitive limitations 
of humans by reducing the complexity. A decision-maker shall automatically focus on 
the top priority items provided by the anchor. The anchor frees up cognitive space to 
make anchor adjustments based on the local knowledge of the decision-maker. As a 
result, the mechanisms of bounded rationality and anchoring and adjustment reinforce 
each other.  

Anchoring and adjustment and bounded rationality are very applicable in a multi-
project context like ours. An MPE is such a complex and dynamic environment with 
many objectives that it is very complicated for people to make satisficing multi-criteria 
decisions. Scheduling heuristics can be used as a reference for decision-makers if it is 
of sufficient quality.  

Based on the theory and reasoning in this paragraph, we derived the following 
operational guidelines: 

G-6  Scheduling heuristics must be used as a reference for the resource 
allocation decision. 

G-7  Scheduling heuristics can deliver an acceptable benchmark for supporting 
the organisation’s objectives. 

G-8  Scheduling heuristics should be easy to use, understand, implement, and 
maintain. 

G-9  The decision-makers are allowed to deviate from the scheduling proposed 
by the heuristics. 

The following part of this section gives more details about these operational 
guidelines. 
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G-6 Scheduling heuristics must be used as a reference for the resource allocation 
decision. 

The anchor can help provide a cognitive bias to improve decision-making when 
dealing with complex problems. For example, the anchor can be an ordered list of tasks 
sorted by the scheduling heuristics priority.   

Implementation of this guideline triggers the mechanism of anchoring and 
adjustment by applying the following principles as stated in Table 6-1: 
• Anchoring & Adjustment principle 3.1: Use an anchor as a cognitive bias for the 

decision-making.  
• Bounded rationality principle 2.1: Establish some way of focusing attention by using 

scheduling heuristics as a priority list. 
• Learning enabler 4.5: Modelling the system under control by using a reference to 

learn and make satisficing resource allocation decisions.   
 

G-7 Scheduling heuristics can deliver an acceptable benchmark for supporting the 
organisation’s objectives. 

An anchor of sufficient quality is required to apply anchoring and adjustment 
successfully. Otherwise, the anchor may even impair the assessment (Epley & Gilovich, 
2006). As an anchor, we use simple priority rule (PR) heuristics. As stated in paragraph 
5.5, PR-heuristics have proven to be successful in supporting resource allocation 
decisions. However, since there is a wide variety of PR-heuristics, it is essential to 
choose an algorithm that supports the organisation’s objectives (e.g., the objective can 
be delivered as fast or as efficiently as possible).  

Implementation of this guideline triggers the mechanism of anchoring and 
adjustment by applying the following principles as stated in Table 6-1: 
• Anchoring & Adjustment principle 3.2: Use scheduling heuristics with acceptable 

performance.  
• STSD principle 1.1: The process of design must be compatible with its objectives by 

choosing scheduling algorithms that support the objective of the organisation. 
 

G-8 Scheduling heuristics should be easy to use, understand, implement, and maintain. 
Complex scheduling algorithms are hardly used in practice. The study has shown 

that Project Management Information Systems (PMIS) users have limited knowledge 
of planning tools and use them mainly for communication and representation rather than 
scheduling optimisation (W. S. Herroelen, 2005b). Scholars agree that systems must be 
easy to understand and simple to use to be accepted (Epley & Gilovich, 2006). 
Furthermore, system users must understand and trust the anchor applied; otherwise, it 
will work counterproductively (Epley & Gilovich, 2006). 

Applying scheduling heuristics is not an easy issue because of investments required 
to implement, use, and maintain a Project Management Information Systems (PMIS) in 
the organisation. In addition, 90% of project managers are dissatisfied with the 
reliability of the information provided by the management software (Caniëls and 
Bakens, 2011).  
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STSD also addresses this issue with their minimal critical specification principle 
(item 1.2, Table 6-1). As De Sitter et al. (1997 p502) mention: “The theory must be 
easily applicable and manageable in actual practice” and “should be easily 
communicable and provide a language in which managers and workers from different 
functional areas can talk effectively about the same organisational problems and 
solutions.”  

That is why we are looking for simple scheduling heuristics to implement, use, 
maintain, and deliver an acceptable performance (see the previous guideline). A class 
of scheduling heuristics that fulfil these requirements are the PR-heuristics (Browning 
& Yassine 2010). 

Implementation of this guideline triggers the mechanism of anchoring and 
adjustment by applying the following principle as stated in Table 6-1: 
• STSD principle 1.2: Provide minimal critical specifications: tasks to jobs, job to 

roles, objectives and methods that are essential should be specified by using simple 
PR-heuristics scheduling method that is easy to use, understand, implement, and 
maintain. 
 

G-9 The decision-makers are allowed to deviate from the scheduling proposed by the 
heuristics. 

Besides the guidelines for anchoring, we also need a guideline for the adjustment. 
The anchor provided is a prioritised list of tasks based on simple PR-heuristics. We ask 
a local decision-maker to execute the first task unless they have good reasons to deviate 
from this anchor. By allowing them to deviate, we encourage the decision-makers to 
use their local knowledge. This freedom to deviate enables the decision-maker to deal 
with the dynamic complexity of the work floor. Implementation of this guideline 
triggers the mechanism of anchoring and adjustment by applying the following 
principles as stated in Table 6-1: 
• Anchoring & Adjustment principle 3.3: Allow adjustments to the scheduling 

heuristics by authorising the local decision-maker to deviate from the anchor. 
• STSD principle:   

- 1.5 Boundary location: locating responsibility for coordination with those 
whose efforts require coordination if the shared objectives are to be achieved 
and  

- 1.3 The socio-technical criterion: control as near to the point of origin as 
possible by giving the local decision-maker the authority to deviate from the 
anchor. 

- 1.8 Design and human values: An objective of organisational design should be 
to provide high-quality work by authorising and encouraging the local decision-
maker to bring in their local knowledge.  

• Bounded rationality principle 2.2: Support a mechanism for generating alternatives 
by allowing to deviate. 
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6.3.3 Learning facilitation intervention 
According to the organisational learning theory, learning will happen in a 

corresponding climate. Therefore, the “only” thing to do is facilitate the learning 
process with the correct data and objectives to launch the learning mechanism. 
However, the major challenge is to create such a learning climate. A learning climate is 
typically an aspect of organisational culture which is part of the context required to 
apply this intervention type successfully. Paragraph 6.4.3 defines this context. 

Research shows that the theory of learning enabling seems to be a suitable 
mechanism for process improvement in our operating area (van Solingen et al., 2000; 
par. 5.8) because decision-making in dynamic multi-project environments appears to be 
a process of learning rather than optimisation. This learning process can be stimulated 
by recording examples of the situations experienced and evaluating these experiences 
(Martin et al., 2004). For the learning intervention, this implies that: 

a) we will capture the reason why the decision-maker selects a specific task, and 
b) we will evaluate this reasoning as a driver for the improvement of the resource 

allocation process. 
Regarding the first item (a), we need to find a way to capture local knowledge used 

in the decision-making process. We need to find out a real reason why they selected a 
specific task and not a political one forced by the pressure of the organisation. This 
requires a climate of openness, which is typically a prerequisite discussed in the context 
described in paragraph 6.4.3. The main thing you need to know about local knowledge 
capturing is that it tends to be volatile and tacit by nature. We can deal with volatility 
by capturing the reason close to the moment of task selection. Coping with the tacit 
aspect is a more complicated challenge. Tacit knowledge is peculiar for individuals and 
their relationships and hard to be transferred to management (par. 5.6). Therefore, we 
stated in paragraph 5.6 that it is difficult to transfer this type of information to the 
management and therefore is hard to incorporate in the (formal) decision-making 
process. However, research by Nakano et al. (2013) shows that tacit knowledge can be 
shared among the people on the work floor if they share a common language and 
knowledge base in an engaging environment of collegiality, trust and openness. These 
aspects will also be covered in the context description in paragraph 6.4.3.  

 
For the second item (b), which evaluates why the decision-maker selects a specific 

task, the nature of the local knowledge involved in the decision-making process also 
plays an important role. As managers or researchers, we may be able to capture the 
reason for the task selection. Still, we lack the local knowledge to evaluate whether the 
reason for the task selection was an improvement to the scheduling heuristics or not. 
Following the reasoning of Nakano et al. (2013), the team members operating in the 
same environment are likely the best candidates to do this evaluation.  
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Following the learning theory (par. 5.8), the assessment of resource allocation 
decisions should happen in two stages: 

1. Single-loop learning evaluates a resource allocation decision; if it is accepted as 
a good decision. 

2. Double-loop learning evaluates the resource allocation process based on 
decisions taken in the last period of time. 

 
In a single-loop (1) learning stage, we intend to determine if arguments for deviating 

from the scheduling heuristics are accepted as a justifiable deviation. The arguments 
and the assessment are based on available local knowledge at the time of the decision-
making. The single-loop learning should be done as close to the decision-making 
moment as possible due to the volatile nature of local knowledge. We will not look at a 
long-term effect since it is difficult to relate such effects to a single allocation decision. 

In a double-loop (2) learning process, we intend to support a learning process in 
which a decision-maker learns to make satisficing resource allocation based on decision 
analysis. This decision analysis focuses on the resource allocation process and the types 
of reasons, e.g., what can we learn from the set of decisions taken over a period? Do we 
see trends? Are there any ideas from the team to improve the resource allocation 
process?  

As a result of the learning intervention, we expect to see a higher rate of improved 
resource allocation decisions over time. As an improved decision, we regard a decision 
made with consensus by the team, consistent with other decisions made. We expect this 
because the team is learning to improve quality through evaluating examples.  

 
In conclusion, this intervention leads to the following operational guidelines:  

G-10 Frequently assess if the arguments for deviating from the heuristics are 
accepted as a justifiable deviation. 

G-11 Periodically evaluate the decision-making process and analyse the type of 
reasoning. 

 
The following part of this section provides more details about operational guidelines 

and look at the learning intervention. 
 

G-10 Frequently assess if the arguments for deviating from the heuristics are accepted 
as a justifiable deviation. 

This guideline facilitates a single-loop learning process by recording why a decision-
maker selects a specific task. Frequently, this information will be used to evaluate the 
quality of the decision. Therefore, we start this section with a recording process and 
continue with assessing the decision quality. 

The context required for capturing the local knowledge is an engaging environment 
of collegiality, trust, and openness (par. 6.4.3). To facilitate the learning process, it is 
necessary to implement a learning enabler that captures information on the context and 
current state of the system (Van Solingen et al., 2000). Furthermore, due to the volatile 
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nature of local knowledge, it is essential to capture and discuss this reasoning close to 
the moment when the resource allocation decision is made.  

The volatile nature of local knowledge also determines the frequency of evaluation. 
Thus, it is preferable to evaluate as close to the decision-making moment as possible. 
As discussed in the introduction to this paragraph, the best candidates to do this 
evaluation are likely the teams operating in the same environment. This frequency may 
occur at the moment of decision-making, daily or weekly, depending on what is 
practically achievable, e.g., one could ask the decision-maker to discuss why a specific 
allocation decision was made at a weekly team meeting.  

In this single-loop learning mode, decisions will be mainly discussed in isolation in 
a short period without further analysis, such as an agenda point of a team meeting. As 
a result of this discussion, the team shall accept or decline the reasoning for a specific 
task selection. Based on this analysis, the team will assess if deviations from task 
priorities can be regarded as an improvement to the scheduling heuristics. 

Implementation of this guideline triggers the learning mechanism in this intervention 
by applying the following principles as stated in Table 6-1: 
• Learning theory principle 4.3: Information on the context and the current state of the 

system by capturing the reasons of task allocation close to the moment the decision 
is taken.  

• Learning theory principle 4.1: Climate of openness, by using the openness in the 
context we are operating to evaluate the resource allocation decision made.  

 
G-11 Periodically evaluate the decision-making process and analyse the type of 
reasoning. 

This guideline aims to improve the resource allocation process by analysing the 
resource allocation process over time. Based on this analysis, changes can be made to 
the resource allocation process and the decision-making rules. By doing this evaluation, 
the team will also adjust its (implicit) judgement rules applied in G-10 to discuss the 
resource allocation decisions. Over time the decision-maker and the team are expected 
to learn what “satisficing” resource allocation decisions result in an improved resource 
allocation process. It will also bring awareness of the consequences of “satisficing” 
resource allocation decisions to the organisation.  

Implementation of this guideline triggers the learning mechanism in this intervention 
by applying the following principles as stated in Table 6-1: 
• STSD principle  

- 1.7: Support congruence: Reinforce the behaviours that the organisation 
structure is designed to elicit. 

- 1.8: Design and human values: An objective of organisational design should be 
providing high-quality work by implementing the double-loop learning process. 

- 1.9: Incompletion: Design is a reiterative process; as soon as the design is 
implemented, its consequences indicate the need for redesign by evaluating the 
reasons for task allocation and evaluating and adapting the resource allocation. 



98      Chapter 6 

• Learning theory principle  
- 4.2: Scanning for knowledge by stepping outside the day-to-day business by 

evaluating how the resource allocation process can be improved. 
- 4.4: Team learning by evaluating the resource allocation process together with 

the team.  
- 4.6: Possibilities for control by allowing the team to adjust the resource 

allocation process. 
- 4.9: Monitoring performance gap by adjusting the process to increase the 

number of acceptable resource allocation decisions. 

6.4 Design proposition context  

Based on an in-depth single case study, this study aims to demonstrate that the design 
proposition can work if applied in the proper context. This type of case selection refers 
to purposeful sampling (Coyne, 1997; Patton, 2014).  

This paragraph defines the environmental context in which the design proposition is 
applicable. According to the CIMO logic, the interventions lead to the expected output 
when applied appropriately in the right context. The context is defined in this paragraph 
by a set of context guidelines. These guidelines can be used to select a suitable case 
study candidate. 

In general, we are looking for an environmental context where decision-makers are 
able, willing and authorised to make resource allocation decisions in a decentralised 
setting. Following the CIMO logic, we can increase our chance to produce the intended 
output by implementing the underlying principles of the related theories, as stated in 
Table 6-1. Most of the principles are covered by the intervention as described in the 
previous paragraph. However, principles regarding cultural aspects or other aspects that 
cannot be realised within a reasonable time frame are regarded as context variables. The 
principles should be as best in place as possible a priory to apply this design proposition 
successfully. For example, we need a climate of openness or involved leadership, but it 
takes much effort to establish.  

We continue refining the context guidelines required for each intervention type as 
mentioned in Figure 6-2. First, we describe the context required per intervention type. 
Then we highlight the principles not covered by the intervention types. It is essential to 
consider these principles in the context since they will increase our chance to produce 
the intended output of this design proposition. Table 6-3 gives an overview of the 
context guidelines. 

6.4.1 The context of Authorisation intervention 
The Socio-Technical System Design (STSD) and the bounded rationality theory are 

generating mechanisms required for the authorisation intervention. As stated in 
paragraph 5.7 of the STSD theory, to apply the authorisation intervention successfully, 
we need a context in which it is possible to delegate authority to lower levels in the 
organisation. This intervention will probably not work if it is a top-down managed 
organisation. These local decision-makers in the lower level in the organisation should 
also have the cognitive ability and willingness to be actively involved in the 
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organisational aspects of their work. From the viewpoint of the STSD theory, 
Mintzberg’s professional project structure fulfils the required context requirements. 
According to Mintzberg, professional project environments are typical environments 
where employees are likely to be authorised to manage their work and willing to use 
their local knowledge. Moreover, in general, the professionals dislike being controlled 
by management, and they have a strong willingness to administer their own work (van 
Donk & Molloy, 2008). 

We want to delegate authority to the local decision-makers to incorporate their local 
knowledge in the decision-making process. As mentioned in the bounded rationality 
theory in paragraph 5.4, the use of local knowledge is applicable in a complex dynamic 
environment where satisficing decisions can be made at best. Also, regarding 
complexity, the professional project environment is, following Mintzberg, the most 
likely context for our research (van Donk & Molloy, 2008). 

A principle not covered by the operational guidelines is the “multi-functionality 
principle” (Table 6-1: item 1.4), stating that “each element possesses more functions”. 
Depending on the organisation context, this can imply that an employee is part of 
multiple functional teams or skill groups. It results in increased flexibility in task 
execution, i.e., an employee has more options on the task list to choose from, and 
multiple employees have the opportunity to execute the same task. An advantage of 
flexibility is that it can solve many latency problems caused by resource shortages (Park 
et al., 1989). However, the allocation process to find the right resource to fill in 
temporary resource shortages appears to be difficult, and decision-making is often based 
on local knowledge.  

Creating a flexible workforce is a long-term process and falls outside the scope of 
the interventions. The flexibility of resources over teams is favourable but not an 
absolute requirement for this design proposition; our minimum requirement is that most 
tasks can be executed by multiple resources. Such a context requires local knowledge 
to define who is the best to execute the task since there are multiple candidates to choose 
from. 

Based on the reasoning in this paragraph, we defined the following context 
guidelines to support the authorisation intervention1: 

C-1  An environment where it is possible to delegate authority to lower levels in 
the organisation. 

C-2  Employees are able, willing, and authorised to manage their work. 
C-3  Multiple resources can execute the majority of tasks. 

 
1
 Table 6-3 gives an overview of all context guidelines 
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6.4.2 The context of reference intervention 
We addressed all principles related to the anchoring and adjustment or the bounded 

rationality at the interventions. The reservation made in paragraph 6.3.2 to apply the 
reference intervention is that the anchor must be of sufficient quality. This also implies 
that a basic level of project management maturity should be in place, e.g., CMMI-level 
2 in the area of planning and control.  

However, to see the mechanisms at work, we also need a certain level of complexity. 
The design proposition will not lead to satisficing resource allocation decisions if 
applied in a straightforward working environment where it is obvious which decision 
to make. Then there is also no need for an anchor to get a better understanding of the 
management information because there is no structural complexity to be reduced by this 
anchor.  

The same holds for the adjustment part of the mechanism. The objective of 
adjustment is to deal with unforeseen situations that the anchor does not cover. These 
situations are fundamentally related to the dynamic complexity. Dealing with dynamic 
complexity requires local knowledge on the work floor at the level where the local 
decision-makers are operating (par. 5.4). 

The complexity is significantly higher in organisations that share resources from a 
common resource pool than those with dedicated resources per project. Many 
organisations are short of at least certain types of resources, so they need to share those 
resources over projects. In professional working environments, these skills are difficult 
to acquire externally, motivating these organisations to allocate their scarce (expensive) 
resources in the best possible way. Prioritising these shared scarce resources is unclear, 
and it is difficult to justify it formally. At best, as stated by the bounded rationality, a 
satisficing decision can be made. 

In general, we may conclude that the reference intervention requires a context with 
a basic level of project management maturity in place and a sufficient level of structural 
and dynamic complexity. Initially, it may not be obvious which resource allocation 
decision to make. Decision-makers should have multiple options to choose from and 
use their local knowledge to make, in their eyes, the “best” resource allocation decision. 
Both requirements, professionalism and complexity, comply with the statement of the 
previous paragraph that Mintzberg’s professional project structure is a favourable 
context to apply the design proposition.  

Based on the reasoning in this paragraph, we defined the following context 
guidelines to support the reference intervention1:  

C-4 A basic level of project management maturity is in place. 
C-5  Scarce resources are shared from a common resource pool. 
C-6  A priory it may not be obvious which resource allocation decision to make. 
C-7  The level of complexity is such that at best satisficing decisions can be 

made. 

 
1
 Table 6-3 gives an overview of all context guidelines 
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6.4.3 The context of learning intervention 
Applying the learning intervention requires a learning climate. Based on our findings 

in paragraph 5.8, we conclude that such a climate can be established by applying the 
learning enablers defined by van Solingen et al. (2000)1.  

Establishing a learning climate is not easy because it’s a long-term process related 
to the culture. Establishing a climate or culture change is way beyond the scope and 
influence of this design proposition. We, therefore, go over the enablers in Table 6-1 
and define which parts must be covered by the context. 

The first learning enabler — 4.1, “Climate of openness” — is typically an enabler 
that can’t be established overnight. For example, without openness, it is nearly 
impossible to capture the reason why a resource allocation decision is made. Openness 
is also essential to get feedback from the team about the correctness of the decision. A 
context with a climate of openness requires a challenging and engaging environment, 
freedom and autonomy, collegiality, trust, supervisory encouragement, and 
organisational support (Nakano et al., 2013; van Solingen et al., 2000). 

The second enabler required — 4.2 “Scanning for knowledge” — is also an enabler 
that must initially be present in the context. The organisation must be open to acquiring 
knowledge to improve its processes and learn from past experiences.  

The next enabler — 4.3, “Information on context and the current state of the system” 
— is covered by intervention G-10. But, of course, this way of working must already 
be present in the organisation and is something this design proposition is building on. 
The same holds for enabler — 4.5, “Modelling of the system under control” —, which 
is covered by G-6, and the enablers — 4.6 “Possibilities for control”— and — 4.9 
“Monitoring performance gap” —, both covered by G-11. 

The context’s next enabler to be covered is 4.4, “Team learning”. Team learning 
means that colleagues working together share a vision and objectives. It requires a 
context where it is common for teams to discuss issues and processes and draw 
conclusions together.  

The enabler — 4.7, “Involved leadership” — is a balance between management 
attention and freedom to learn and explore. On one hand, management should prioritise 
team learning and show that management takes it seriously. On the other hand, too much 
interference in the learning process makes the team feel over-observed. According to 
van Solingen et al. (2000), it appears that in creative intellectual environments, like a 
professional project environment, such management styles are not uncommon.  

The enabler — 4.8 “Explicit goal definition” — states that explicit targets regarding 
processes and products must be present throughout the company. The teams also know 
how to attain these goals and which area requires learning.  

 
1
 See Table 6-1 item 4.1 to 4.9 for an overview of the learning enablers. 
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Based on the reasoning in this paragraph, we defined the following context 
guidelines to support the learning intervention1:  

C-8 A climate of learning must be present. 
C-9 A climate of openness is required: an engaging environment with 

freedom, autonomy, collegiality, trust, supervisory encouragement, and 
organisational support. 

C-10 Scanning for knowledge: environment must be open to acquiring 
knowledge to improve processes and learn from past experiences. 

C-11 Team-learning: it is common for teams to discuss issues and processes 
and draw conclusions together. 

C-12 Involved leadership: there must be a balance between management 
attention and freedom to learn and explore. 

C-13 Explicit goal definition: specific targets must be present regarding 
processes and products. Teams also know how to attain these goals and 
what area requires learning. 

6.4.4 The general context 
Analysing the context required for the three intervention types shows a consistency 

between the described contexts and an inevitable overlap. Overall, we can state that it 
is required to apply this design proposition in a context where employees are able, 
willing, and authorised to manage their work. Furthermore, the organisations and their 
leaders should encourage the employees to analyse and improve their processes. 
Mintzberg’s professional (multi-) project environment appears to be a context that 
fulfils the design proposition’s needs to be effective.  

6.5 Overview of guidelines and traceability matrix to underlying 

theories 

In this chapter, we created the design proposition based on the theories found in the 
previous chapter. Following the underlying theories, we discussed the interventions, 
operational guidelines, mechanisms, and the required contexts. In this paragraph, Table 
6-2 gives an overview of the operational guidelines and Table 6-3 — the context 
guidelines. A traceability matrix is added in Table 6-4 to check if our design covers the 
underlying principles. 

We can conclude that the design proposition covers all the principles stated in Table 
6-1 at the beginning of this chapter. By applying the CIMO logic in a structural way, 
we can reasonably expect that the design proposition will produce the intended output 
if the operational guidelines are applied in an environment defined by the context 
guidelines.   

 
1
 Table 6-3 gives an overview of all context guidelines 
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Table 6-2: Interventions & operational guidelines 

Intervention Operational Guidelines 

I-1 

Authorisation 
intervention 

G-1 Humans make the final resource allocation decision. 

G-2 Decision-makers must have access to local knowledge. 

G-3 Make the resource allocation decision close to the moment of task execution. 

G-4 Decision-makers should be authorised to make resource allocations decisions on 

operational level. 

G-5 Project tasks are allocated to resources instead of the other way around. 

I-2 Reference 
intervention 

G-6 Scheduling heuristics must be used as a reference for the resource allocation 

decision. 

G-7 Scheduling heuristics can deliver an acceptable benchmark for supporting the 

organisation’s objectives. 

G-8 Scheduling heuristics should be easy to use, understand, implement, and maintain. 

G-9 The decision-makers are allowed to deviate from the scheduling proposed by the 

heuristics. 

I-3 Learning 
intervention 

G-10 Frequently assess if the arguments for deviating from the heuristics are accepted 

as a justifiable deviation. 

G-11 Periodically evaluate the decision-making process and analyse the type of 

reasoning. 

Source: paragraph 6.3 

Table 6-3 Summary of Context guidelines 

Intervention Context Guidelines 

I-1 

Authorisation 
intervention 

C-1 An environment where it is possible to delegate authority to lower levels in the 

organisation. 

C-2 Employees are able, willing, and authorised to manage their work. 

C-3 Multiple resources can execute the majority of tasks. 

I-2 Reference 
intervention 

C-4 A basic level of project management maturity is in place. 

C-5 Scarce resources are shared from a common resource pool. 

C-6 A priory it may not be obvious which resource allocation decision to make. 

C-7 The level of complexity is such that at best satisficing decisions can be made. 

I-3 Learning 
intervention 

C-8 A climate of learning must be present. 

C-9 A climate of openness is required: an engaging environment with freedom, 

autonomy, collegiality, trust, supervisory encouragement, and organisational support. 

C-10 Scanning for knowledge: environment must be open to acquiring knowledge to 

improve processes and learn from past experiences. 

C-11 Team-learning: it is common for teams to discuss issues and processes and draw 

conclusions together. 

C-12 Involved leadership: there must be a balance between management attention and 

freedom to learn and explore. 

C-13 Explicit goal definition: specific targets must be present regarding processes and 

products. Teams also know how to attain these goals and what area requires learning. 

Source: paragraph 6.4. 
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Table 6-4: Traceability matrix of theories, interventions and operational guidelines 

Theory  Underlying Principles Applied in 

Guideline 

Sociotechnica

l system 

design 

(STSD) 

1.1 Compatibility: The process of design must be compatible with 

its objectives. 

G-5; G-7 

1.2. Minimal critical specifications: from tasks to jobs, jobs to 

roles, objectives & methods.  

G-4; G-5; 

G-8 

1.3 The socio-technical criterion: control as near to the point of 

origin as possible. 

G-3; G-4; 

G-9 

1.4 The multi-functionality principle: each element possesses more 

functions. 

C-3 

1.5 Boundary location: locating responsibility for coordination to 

one responsible person. 

G-4; G-9 

1.6 Information flow: provide information to the point of action. G-2 

1.7 Support congruence: reinforce the behaviours. G-11 

1.8 Design and human values: objective should be to provide a 

high quality of work. 

G-1; G-9; 

G-11 

1.9 Incompletion: design is a reiterative process; its consequences 

indicate the need for redesign. 

G-11 

Bounded 

reality 

2.1 Establish “some way of focusing attention”. G-6 

2.2 Establish “a mechanism for generating alternatives”. G-9 

2.3 Establish “a capacity for acquiring facts about the 

environment”. 

G-2 

2.4 Establish “a modest capacity for drawing inferences from these 

facts”. 

G-1; G-4 

Anchoring & 

Adjustment 

3.1 Use an anchor as a cognitive bias for decision making. G-6 

3.2 Use scheduling heuristics with an acceptable performance. G-7 

3.3 Allow adjustments to the scheduling heuristics. G-9 

Learning 

enabling 

theory 

4.1 Climate of openness. G-10, C-9 

4.2 Scanning for knowledge. G-11, C-10 

4.3 Information on context and current state of the system.  G-10 

4.4 Team learning. G-11, C-11 

4.5. Modelling of the system under control.  G-6 

4.6 Possibilities for control. G-11 

4.7 Involved leadership.  C-12 

4.8 Explicit goal definition. C-13 

4.9 Monitoring performance gap. G-11 

Source: Theories of chapter 5; STSD principle (Cherns, 1976), Bounded Rationality(Jones, 1999:301), 

Anchoring and Adjustment (par. 4.3), Learning theory (van Solingen et al., 2000), last column added by 

author. 
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6.6 Conclusion 

We can conclude that the design proposition is created in a structured way following 
the CIMO logic. Therefore, following the CIMO logic, we can reasonably assume that 
it delivers the intended output when applying the design proposition in the specified 
context.  

 





 

7  Case Study Selection 

7.1 Introduction 

A case study is conducted as the strategy to validate the design proposition. To 
achieve this, we aim to run one entire regulative cycle successfully. As mentioned in 
chapter 1, if one case study fails, we learn our lessons, adapt the design proposition, and 
run another attempt. Applying the design proposition to a case study candidate that 
matches the context requirements will increase the likelihood of success that the 
intended output of the design will be delivered. This type of case selection refers to 
“purposeful” sampling (Coyne, 1997). Or, as Patton stated: “if it’s true of this one case, 
it’s likely to be true of all other cases in that category” (Patton, 2014. p.404). 

On a high level, we aim for organisations that comply with Mintzberg’s professional 
multi-project environment’s characteristics (see par. 6.4.1 & Appendix H). In these 
environments, employees are generally able, willing and authorised to manage their 
work. The employees in these environments are professionals who are used to working 
together to accomplish their goals. Engineering to order (ETO) and new product 
development (NPD) environments are examples of typical professional multi-project 
environments. Since the researcher was familiar with ETO and NPD environments, we 
decided to focus on these types of organisations. After identifying a case study 
candidate based on these high-level criteria, we evaluated to which extent the candidate 
fulfilled our needs as described in the context guidelines.  

Having a case study candidate that matches the context guidelines is essential since 
it is challenging to realise some aspects, such as cultural ones, within a reasonable time 
frame during the case study execution. Changing these aspects also requires different 
kinds of interventions that focus on the change management aspect instead of the 
information aspect we are interested in. 

Selecting a suitable case study candidate is the first step of objective OBJ-4.B to 
“validate an approach leading to satisficing resource allocation decisions” (par. 1.2). 
Figure 7-1 gives an overview of how this chapter fits in the whole structure of this thesis.  
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Figure 7-1 Thesis structure 

Figure 7-2 depicts, based on the DSR-problem solving cycle (Figure 1-2, chap. 1), 
the steps taken to validate the design proposition. The duration estimates are based on 
practical experiences, as described in chapter 2. 

Figure 7-2: planned timeline based on the DSR-problem solving cycle of Figure 1-2, grey boxes are covered 

by this chapter 

As shown in Figure 7-2, setting up and executing a case study for this research is a 
multi-year and high-risk endeavour. Therefore, investing in a thorough preparation is 
essential and starts with selecting the suitable case study candidate. We approached 
different companies to participate in a case study based on the context guidelines. After 
discussing and evaluating our guidelines, we found organisation MDX willing to 
participate. The strategy applied to assess to which extent MDX is an appropriate case 
study candidate is described in this chapter. This chapter consists of  the following three 
steps:  

• Problem mess & problem definition; Paragraph  7.2 analyses to which extent our 
design proposition addresses the management problem of MDX.  

• Case selection; Paragraph 7.3 analyses to which extent MDX complies with the 
context guidelines.  

• Analysis and Diagnoses; Paragraph 7.4 analyses to which extent MDX complies 
with the operational guidelines.  
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The result of these evaluations is a gap analysis presented in a table format. Based 
on this gap analysis, paragraph 7.5 concludes if MDX is a suitable case study candidate 
for our research. 

7.2 Problem definition of MDX 

We found an organisation that develops and implements building automation 
systems based on our criteria. In this thesis, we call it MDX. MDX is an innovative 
company that works closely with different parties, including universities, to develop 
state-of-the-art solutions. MDX is a small-medium enterprise (SME) with 100 to 200 
employees. Our case study focused on the innovation department with about 25 
employees. 

When asking MDX about the problems they face in managing their multi-project 
environment, they came up with the list presented in Table 7-1. This list was provided 
by MDX in Dutch and is a literally translated version. It presents the results of the 
analysis conducted by MDX's management team. The application of the design 
proposition touches upon not all MDX’s problems, let alone solves them.  

Van Aken et al. (2007) refers to the problems stated in Table 7-1 as the “problem 
mess”, which should be analysed to define the core problem. The idea is that when 
solving the core problem, the other issues will also be relieved.  The core problems 
identified by MDX are marked bold in Table 7-1. The COO built a relation tree that 
explains why addressing these issues would also impact the other problems listed. The 
COO remarked that these problems are more severe in the software department than in 
mechatronics. We don’t have a quantification to which extent, but the entire company 
generally suffice that new products arrive later at the market than planned. 



110      Chapter 7 

Table 7-1: Problem analysis MDX 

ID Problems identified by MDX 
1.  New products arrive at the market later than planned (OCE <5%)

1
. 

2.  Product schedules are continuously adjusted. 

3.  The big picture is missing at development, too much focus on subprocesses - vision unclear 
among employees. 

4.  Agreements are not fulfilled - regarding priorities. 

5.  Agreements are not fulfilled - regarding functionalities. 

6.  Agreements are not fulfilled - regarding the unique selling points of the product. 

7.  Agreements are not fulfilled - maximum number of projects active (2 teams // 2 projects per team 

for software team). 

8.  Priority changes are initiated by the Head of Development. 

9.  A mix of ‘Old’ and ‘New’ style development (everything defined in advance versus Agile) 

10.  Many products are developed in parallel (50 listed projects, of which 25 are ‘active’). 
11.  Estimating the required capacity for a new product takes a lot of (throughput) time. 

12.  Estimates of required capacity for new products are often unreliable. 

13.  Support for current products (Problem reports/Change requests) is unstructured, impacting the 

available capacity for new products. 

14.  Multiple inputs for product development initiation and Change requests. 
15.  The final responsibility of Product Management is not respected. 
16.  No ‘real-time’ overview of ongoing projects for Product Management. 

17.  No transparent connection between the different phases of the development of a product. 

18.  Responsibilities for sub-processes are not transparent (domain managers - project managers). 

19.  The domain manager initiated no structured escalation for deviations. 

20.  Controlling the main lines is difficult - the product manager is pulled into detail. 

21.  A big difference between the working methods of Mechatronics and Software development 

departments. 

Source: Problem analysis by MDX July 2017. The core problems are identified by MDX and marked bold. 

When discussing the issues with MDX, the management concluded that many of 
their problems were related to bad resource management: 
• Priorities were unclear because the big picture was missing (issue 3). 
• Resources were overloaded because too many projects ran parallel (issue 10).  
• Multiple sources add projects to the pipeline (issue 14). 
• Resources were put on other projects than intended by the product owners (issue 15). 

 
The issue of missing the “big picture” is related to a large extent to the software 

department. MDX complains that the software department plans the current sprints in 
detail, but an overview of the epics and stories to be implemented is missing. Although 
it does not conform to the agile approach, the management wants to get an overview of 
which scope is delivered at what time. The freedom to change the scope is limited at 
MDX. The management needs to get this “big picture” to align the mechatronics, 
software, marketing, sales, and production planning.  

 
1
 OCE is the internal measurement system of MDX, meaning On-Time, Complete, Error-free deliveries.  
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Although MDX has a process to manage individual projects, they lack a process to 
simultaneously coordinate all their product development initiatives in a multi-project 
setting. MDX agreed that the main objective of our intervention was to improve the 
resource allocation process by: 
• Providing focus through the reference intervention. 
• Organising the resource allocation process by defining clear responsibilities by 

means of the authorisation intervention. 
• Helping MDX to improve the resource allocation process by facilitating a learning 

process. 
 
The problem of resource overload caused by running too many projects in parallel is 

not explicitly addressed by the guidelines of the design proposition. However, one of 
the context guidelines states that a basic project maturity level must be in place. 
Although it falls outside the scope of this research to implement, having a balanced 
workload is undoubtedly a key aspect of project management maturity. In chapter 4, 
this is also listed as one of the resource allocation success criteria. We agreed with MDX 
to provide an overview of the resource load before the case study. Based on this 
overview, the management agreed to take responsibility to define their project 
objectives so that resources will not be overloaded.  

After discussing the design proposition's objectives, the innovation department 
manager stated that on a high level, the outcome should be a reduced project lead time 
to sell earlier (issue 1). According to their analysis, a reduced lead time will be an effect 
of relieving the core problems to which our interventions will contribute. 
 

During the eight months prior to the start of the case study, discussions had been held 
about how the design proposition addressed the management problems of MDX and 
what organisational benefits it would bring. We presented the design proposition to the 
team leaders and senior engineers to answer this question. After discussing the design 
proposition with the team leaders, they asked themselves how they would be satisfied 
with the outcome. The team leaders and senior engineers came with the following 
points: 
• rest in the organisation, less ad-hoc management actions, 
• seeing improvement against zero-measurement, 
• getting into flow, 
• being in control. 

 
The team leaders expected that the design proposition would bring: 
• more focus on their work, 
• give them the ability to act in a controlled way on disturbances. 

 
In conclusion, it can be stated that the research objectives and MDX’s goals are in 

line with our research objective OBJ-4. We did not detect conflicts. The aim is to 
improve the resource allocation process by providing focus and control using a priority 
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list as a reference. In chapter 11 (Goal-6, par. 11.3.6 & 11.4), we analyse the additional 
value for the case study candidate in applying the design proposition.  

7.3 Case selection based on context guidelines 

To determine if MDX is a suitable case study candidate, we analysed the compliance 
with our context guidelines. An overview of the results is given in Table 7-2. The 
analysis is done in the remainder of this paragraph. The information for this analysis 
had been gathered during eight months before the start of the case study. We finalise 
this paragraph by concluding if MDX’s context suits our case study. 

Table 7-2 Compliance of Organisation MDX with context guidelines 

Interven-
tion 

Context Guidelines Analysis Compliance 
diagnoses 

I-1 

Authorisa-
tion inter-
vention 

C-1 An environment where it is 

possible to delegate authority 

to lower levels in the organisa-

tion. 

At MDX, the authority to make operational 

decisions is delegated to the team leaders 

within the innovation department.  

+ 

C-2 Employees are able, will-

ing, and authorised to manage 

their work. 

MDX’s employees are motivated to manage 

their work, but there is also some resistance 

to comply with the boundaries set by higher 

management.  

+/- 

C-3 Multiple resources can 

execute the majority of tasks. 

The software engineers are highly 

interchangeable. Mechatronics engineers are 

interchangeable to some extent. 

+ 

I-2  

Reference  
interven-
tion 

C-4 A basic level of project 

management maturity is in 

place. 

Recently a 7-stage product development 

model has been introduced. The teams refine 

the model to their domain, but it is not ac-

tively applied. 

+/- 

C-5 Scarce resources are 

shared from a common re-

source pool. 

Many projects are executed in parallel. The 

engineers are involved in multiple projects at 

the same time. 

+ 

C-6 A priory it may not be ob-

vious which resource allocation 

decision to make. 

The uncertainties in operation require ad-hoc 

planning adjustment regularly.  

+ 

C-7 The level of complexity is 

such that at best satisficing de-

cisions can be made. 

The different objectives make it hard to de-

fine priorities in a formalised way. 

+ 

I-3  

Learning  
interven-
tion 

C-8 A climate of learning must 

be present. 

They have a continuous improvement pro-

gram running. 

+ 

C-9 A climate of openness is 

required: an engaging environ-

ment with freedom, autonomy, 

collegiality, trust, supervisory 

encouragement, and organisa-

tional support. 

See continuous improvement program (C-8). 

Employees discuss issues they face within 

their teams and are encouraged to find struc-

tural solutions. 

+ 

C-10 Scanning for knowledge: 

The environment must be open 

to acquiring knowledge to im-

See continuous improvement program (C-8) 

and the fact that they participate in this case 

study. The organisation is open to improving 

many of its processes.  

+ 
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Interven-
tion 

Context Guidelines Analysis Compliance 
diagnoses 

prove processes and learn from 

past experiences. 

C-11 Team-learning: it is com-

mon for teams to discuss issues 

and processes and draw conclu-

sions together. 

The software team reviews their processes 

and improvement initiatives once per two 

weeks sprint. For mechatronics, team 

learning is defined as less explicit. 

+/- 

C-12 Involved leadership: there 

must be a balance between 

management attention and free-

dom to learn and explore. 

The innovation manager actively supports 

the process improvement. The teams have 

the freedom to organise their domain within 

the boundaries set by the organisation. 

+ 

C-13 Explicit goal definition: 

specific targets must be present 

regarding processes and prod-

ucts. Teams also know how to 

attain these goals and what area 

requires learning. 

Their target is to improve OCE (On Time, 

Complete, Error-free). OCE is a KPI defined 

by MDX. The 7-stage product development 

model is a means to achieve this. However, 

since this model is not implemented, there 

are some doubts if the teams know how to 

attain these goals. 

+/- 

Source: Table 6-3, par. 6.5, last two columns are added based on the analysis in this paragraph. “+” means 

compliance with the guidelines, “-” non-compliance, “+/-” partially compliant. 

MDX compliance with the authorisation’s intervention context guidelines 
For the authorisation intervention, we are curious if authority is delegated to lower 

levels in the organisation (C-1, Table 7-2). The innovation department consists of two 
sub-departments: software and mechatronics. As staff functions, there are the domain 
managers responsible for the overall planning of both departments. In addition, a team 
leader heads each sub-department. The team leaders are responsible for their part of the 
product development. They are closely involved in the operations and appear to have a 
good overview of what is happening on the work floor. Based on our analysis, MDX 
complies with context guideline C-1 to authorise the authority to lower levels of the 
organisation. 

Besides being authorised, the team leaders and the engineers are undoubtedly willing 
to manage their work (C-2). The downside is that they are currently not used to working 
according to the rules defined by higher management. The mechatronics team leader 
ensured that there would be many deviations from the priority list. He predicted that the 
engineers follow their own rules instead of the order defined by the priority list. Based 
on our analysis, we have concerns about the engineers’ ability to manage their work. 
Therefore, we marked C-2 as partial compliant. 

Regarding guideline C-3, the software team leader claims that his resources are fully 
interchangeable according to the Agile scrum principles that they adhere to. Although 
we doubt that the software engineers are fully interchangeable, it is plausible that 
multiple resources can execute the majority of tasks, as stated in guideline C-3. At the 
mechatronics department, tasks can be executed by multiple resources to a certain 
extent. Therefore, we can conclude that MDX complies with guideline C-3. 
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MDX compliance with the reference intervention’s context guidelines 
As a reference for resource allocation, we use a prioritised list of tasks. Generating a 

priority list requires a basic level of project management maturity (C-4, Table 7-2). At 
MDX, we saw that both departments differed in project management approach and 
maturity. The software department uses an “agile scrum like” approach while the 
mechatronics uses a traditional waterfall approach. We call it an “agile scrum like” 
approach because the agility is limited. At MDX, the delivery scope is more or less 
fixed, and the delivery date is defined upfront. However, scrum principles are applied 
on the work floor to execute the tasks planned in the sprint. 

These departments have in common that they both have to follow a new designed 7-
stage development model. However, this product development model is not embedded 
well in the organisation. At the mechatronics department, there is only a high-level 
planning available. A project plan containing typically only a few tasks that can last up 
to several months. MDX’s management would like to see a planning with manageable 
tasks of about 20 to 40 hours, providing a better insight into the project status. 

At the software department, we can see the opposite case. The active and upcoming 
sprints are planned in detail, containing tasks of a few hours. However, there is hardly 
any planning further into the future. Management complains they have no insight into 
the project deliveries and want to see the big picture.  

Furthermore, MDX is compliant with C-5 since their resources are utilised 
throughout all the projects from a shared resource pool. Regarding C-6 and C-7, we can 
conclude that MDX is compliant; Divided over 7 stages, the innovation department runs 
about 25 active projects in parallel. Although these projects share resources, there is no 
strategy to organise resource allocation formally. The desire to improve resource 
allocation is another significant reason to join our case study. 

To define if a basic level of project management maturity is in place (C-4), we use 
the MPM success criteria framework related to resource allocation as a reference as 
defined in chapter 4 (par. 4.5.1, Table 4-16). The analysis of the MDX’s compliance 
with the success criteria can be found in Appendix F.1. The conclusion is that MDX did 
not comply with most of the success criteria before we started the case study. The main 
issue appears to be the way MDX manages resource allocation. Since there are 
initiatives ongoing to increase the project management maturity, context guideline C-4 
is marked as partially compliant. A warning note is that the software department's 
maturity is lower than at the mechatronics department. 

 
MDX compliance with the learning intervention’s context guidelines 

MDX is a learning organisation that complies with our guidelines C-8. They are 
actively focused on improving their operations based on Lean and Kaizen 
methodologies. They call it their “Continues Improvement” program. Guideline C-9 till 
C-13 are, to a large extent, also covered by these improvement programs. The openness 
(C-9) to share their problems (see Table 7-1, par. 7.2) and their commitment to 
participate in this case study prove that they are scanning for knowledge to improve 
themselves (C-10). 
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Team learning (C-11) is embedded in the software department's agile way of 
working. At the end of every sprint, there is a retrospective where the software engineers 
discuss issues and processes and draw conclusions. At the mechatronics department, the 
retrospective is organised less explicitly. We, therefore, rate guideline C-11 as partially 
compliant.  

MDX defined clear improvement targets. Their goal is to improve their OCE. OCE 
stands for On-Time, Complete, Error-free delivery and is a KPI defined by MDX. The 
7-stage product development model is one of the means to achieve a better OCE. 
However, since the stage model is not implemented, there are some doubts if the teams 
know how to attain these goals. Therefore, MDX’s ability to set and attain clear 
improvement targets (C-13) is rated partially compliant.  

 
Conclusion 

No items are marked as non-compliant. However, C-2, C-4, C-11, and C-13 are 
marked as “partially compliant”. To overcome these partial non-compliances, extra 
attention needs to be paid to: 
• C-2: The mechatronics department's ability to work within the boundaries set by 

higher management.  
• C-4: The project management maturity of both departments. The MPM success 

criteria analysis indicated that: 
- Projects must be prioritised.  
- Resource demand and supply must be balanced.  
- The project manager’s responsibilities must become clear.  
- MDX’s 7-stage product development model must be applied.  
- The employees' satisfaction should be addressed.  

• C-11: Embedding team learning explicitly at the mechatronics department.  
• C-13: Define plans and take action to attain goals.  

The plan of action, described in chapter 8, defines interventions to address these 
issues. Based on MDX’s eagerness to improve the resource allocation process, we 
believe that these items will not become insurmountable obstacles during the case study. 
Overall, we conclude that MDX sufficiently complies with our context guidelines, so 
we mark them as an appropriate case study candidate.  
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7.4 Analysis and Diagnoses 

This paragraph analyses to what extent MDX complies with the operational 
guidelines. See Table 7-3 for the results. The analysis of the operational guidelines 
shows that MDX complies with the authorisation intervention’s guidelines to a great 
extent. However, special attention is required to implement the reference and learning 
intervention.  For the items diagnosed as non- or partially compliant, we define a plan 
of action in the next chapter to implement these guidelines. 

Table 7-3: Compliance analysis of MDX with operational guidelines 

Interven-
tion 

Operational Guidelines Analysis Compliance 
diagnoses 

I-1  

Authori-sa-

tion inter-

vention 

G-1 Humans make the final re-

source allocation decision. 

The plan is used as a reference; humans 

take the decision.  

+ 

G-2 Decision-makers must have 

access to local knowledge. 

Team leaders are the decision-makers, 

and they have access to local knowledge.  

+ 

G-3 Make the resource allocation 

decision close to the moment of 

task execution. 

Allocation is done within days before the 

software department executes the task. 

At mechatronics, the domain managers 

plan the resources to tasks in a Gantt 

schedule at the start of the project. In real-

ity, the mechatronics engineers have their 

spreadsheet to determine where to work 

on. Allocation happens on an ad-hoc ba-

sis. 

+/- 

G-4 Decision-makers should be 

authorised to make resource allo-

cations decisions on operational 

level. 

The team leaders have the authority to 

make resource allocation decisions. 

+ 

G-5 Project tasks are allocated to 

resources instead of the other way 

around. 

The software developers are allocated to 

projects for two-week sprints. 

At mechatronics, the domain managers 

allocate the engineers to project tasks in 

the Gantt chart.  

+/-  

I-2  

Reference 

interven-

tion 

G-6 Scheduling heuristics must be 

used as a reference for the re-

source allocation decision. 

The project schedule is made at the start 

of a project to request resources but is not 

used during execution. 

- 

G-7 Scheduling heuristics can de-

liver an acceptable benchmark for 

supporting the organisation’s ob-

jectives. 

Task priorities between projects are not 

determined objectively. Resource 

allocation is done by negotiation in case 

of shortages or left to the engineers 

themselves. 

- 

G-8 Scheduling heuristics should 

be easy to use, understand, imple-

ment, and maintain. 

The domain managers complain that it re-

quires a significant effort each month to 

collect, process, and maintain the projects' 

overview.  

-     
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G-9 The decision-makers are al-

lowed to deviate from the sched-

uling proposed by the heuristics. 

Deviations take place regularly. The 

planning shifts in time so frequently that 

the domain managers can’t maintain the 

schedule. The engineers decide what task 

to do next based on their insight and get 

the freedom from management to do so.    

+/-  

I-3  

Learning 

interven-

tion 

G-10 Frequently assess if the ar-

guments for deviating from the 

heuristics are accepted as a justifi-

able deviation. 

The software team has a daily stand-up 

meeting where they decide what task to 

do. There is no (formal) process in place 

for the mechatronics team. 

- 

G-11 Periodically evaluate the de-

cision-making process and ana-

lyse the type of reasoning. 

As mentioned in context guideline C-11, 

the software team reviews their processes 

and improvement initiatives once per 

sprint. For mechatronics, team learning is 

not (formally) defined. 

- 

Source: Table 6-2, paragraph 6.5, last two columns are added based on the analysis in this paragraph. “+” 

means compliance with guideline, “-” non-compliance, “+/-” partially compliant. 

7.5 Conclusion 

The analysis has shown that MDX complies entirely with nine of the thirteen context 
guidelines and with four context guidelines partially. The partial non-compliances are 
related to the project management maturity and the learning process of MDX. 
Overcoming these partial non-compliances was one of the reasons for MDX to 
participate in this case study. MDX’s objective is to learn how to increase the 
organisation’s project management maturity.  

The analysis of the operational guideline shows no compliance with the reference 
and learning guidelines. However, these operational guideline non-compliances are 
foreseen in the design proposition and are, in general, easier to resolve than context non-
compliances. In the next chapter, a plan of action is defined to address them.  

Overall, we conclude that MDX is a suitable company case study candidate that 
fulfils the needs of the study. 

 





 

8  Case Study Set-up MDX 

8.1 Introduction  

This chapter describes the implementation plan for the case study’s set-up. It covers 
three aspects: a) a plan of complying with the case study candidate’s business objective, 
b) a plan of complying with the objectives of this research, and c) determining if the 
implementation plan complies with our context guidelines. As depicted in Figure 8-1, 
defining the case study set-up is the second step of objective OBJ-4.B to “validate an 
approach leading to satisficing resource allocation decisions” (par. 1.2).  
 

Figure 8-1 Thesis structure 

Paragraph 8.2 starts with aspect (a): defining the plan of action to fulfil the business 
objectives. Our case study candidate MDX's business objective is to improve its project 
management and resource allocation processes. A Project Management Information 
System (PMIS) will be implemented to support them. Paragraph 8.2  ends with aspect 
b): defining to what extent the plan of action covers the context guidelines. Note that 
during the case study selection analysis in chapter 7, we have detected some non-
compliances with the context guidelines for which solutions are defined in the plan of 
action. Part (c) of the case study implementation plan is covered by paragraph 8.3 and 
establishes the plan of action to implement the operational guidelines of the design 
proposition. Finally, paragraph 8.4 summarises the conclusions. 
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8.2 Plan of action to fulfil MDX’s business objectives 

When defining the set-up, we keep two objectives in mind: the business goals of 
MDX and our research objectives. This paragraph establishes a plan of action to meet 
MDX’s business objectives. At the end of this paragraph, we define to what extent they 
cover the four gaps detected in the context guidelines (par. 7.2, conclusion). We expect 
that these gaps are closed since MDX’s business goals are, to a large extent, in line with 
our context guidelines.  
 

MDX’s business objective is to improve its project and resource management 
processes. Their facilitation involves the implementation of a PMIS. It should address, 
as stated in MDX’s problem analysis (par. 7.2), the following issues they are facing: 
• Priorities are unclear because the big picture is missing.  
• Resources are overloaded because they run too many projects in parallel.  
• Multiple sources add those projects to the pipeline.  
• Resources are put on other projects as intended by the product owners.  
 

To meet the business objectives, MDX wants to implement a project and resource 
management approach supported by a PMIS that fulfils the following requirements: 
1. Support in the field of Project Portfolio Management. Project Portfolio Management 

is a decision-making process that implies a constant need for making choices 
between starting / stopping / delaying / postponing projects based on low budgets 
and resources so that the objectives of MDX are optimal and balanced.  

2. Support in resource management and planning based on the defined projects in the 
portfolio and the employees’ regular activities. This management implies allocating 
the resources based on the progress of all activities within all projects.  

3. Support in the field of Project Management. Planning and flow based on the progress 
of the resources.  

4. Robustness against the inevitable disruptions that occur in active projects.  
5. Unambiguous and straightforward procedures that require little administrative 

burden for all employees.  
6. Clear progress reports for the clients of the projects and the management.  
7. Priority method that ensures a maximum flow of all projects without the intervention 

by project managers/leaders. The goal is a maximum flow of all projects and not 
maximising the flow of one project.  

8. Transparent reporting on the efficiency of resource groups and management 
information on the bottlenecks in the organisation.  

9. Transparent data for employees, clients, and management.  
10. PMIS integration with existing systems such as Jira and MS Project.  
(Source: event log

1
 15-3-2018) 

 
In Appendix A.1, we defined a plan of action to implement the resource allocation 

process and the PMIS to facilitate MDX’s business requirements. This implementation 
 

1
 The Event Log is available on request by the researcher. To a large extent the log is written in Dutch.  
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plan aims to help MDX achieve a basic project management maturity level that would 
be enough to start adopting the operational guidelines. This plan is similar to the one 
applied in the five pre-case studies described in chapter 2, all of which had comparable 
objectives and issues. Based on these experiences, we expect that the plan is sufficient 
to fulfil MDX’s business objectives. 

 
MDX made some attempts to mature its project management by defining a 7-stage 

product-development model. As concluded in the analysis of context guideline C-4 (par. 
7.3), this model exists mainly in theory and is not widely applied in the organisation. 
MDX’s objective is to implement the 7-stage product-development model as well the 
software at the mechatronics department. As part of the implementation, we create 
project templates for both departments based on this model. Using project templates is 
an excellent means to increase project management quality and reduce the cost of setting 
up new project plans (Orwig & Brennan, 2000). We teach the organisation how to make 
project plans based on these project templates. These project plans are required to teach 
the organisation to balance supply and demand, work according to priorities, and 
evaluate their results. All these are issues that have been addressed in paragraph 7.3 to 
bring the project maturity level to an acceptable level. 

By implementing this plan, we expect to achieve the business objectives of MDX. 
Furthermore, we expect to cover the following non-compliances as detected by the 
analysis of context guidelines (par. 7.3):  
• C-2: Employees' resistance to managing their work within the boundaries of higher 

management. This plan covers this point to teach the employees to work according 
to priorities. 

• C-4: The level of project management maturity is inadequate. This point is covered 
in general since this plan aims to achieve a basic level of project management 
maturity. 

• C-11: The mechatronics team lacks a defined learning process. This point is covered 
by the last phase of the implementation plan (Appendix A.1, phase 5), reflecting on 
the outcomes of the resource allocation processes and defining actions to improve 
the process.  

• C-13: There were doubts at the intake whether the team could attain goals. In line 
with C-11, we teach the team to “Define and evaluate improvement actions” and 
reach these goals (Appendix A.1, phase 5).  

 
Implementing the resource allocation process and the PMIS is scheduled at the 

beginning of the moving phase. The expected implementation time is 2 to 4 months and 
is a preparation for implementing our design proposition's operational guidelines. 
 

In conclusion, the plan of action defined in this paragraph addresses MDX's business 
objective to improve its project and resource management processes. It also addresses 
the main issues facing missing priorities, overloading resources, and preventing 
employees from doing unauthorised work. The implementation plan covers all four non-
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compliances of the context guidelines, which we regard as a sufficient basis to 
implement the design proposition.  

8.3 Plan of action to implement the operational guidelines 

This paragraph describes how to apply the operational guidelines to MDX's context. 
Adopting the operational guidelines is scheduled after implementing the resource 
allocation process and the PMIS. The non-compliances of the context guidelines were 
already covered at the previous stage, as described in the preceding paragraph. 
Therefore, we assume that MDX's context is suitable for implementing operational 
guidelines at this stage. 

 
This paragraph defines the required implementation decision for each intervention 

in Table 8-1 the required implementation decisions. These decisions are based on the 
situational aspects of MDX.   

Table 8-1 Interventions & operational guidelines 

Intervention Operational Guidelines 

I-1 

Authorisation 
intervention 

G-1 Humans make the final resource allocation decision. 

G-2 Decision-makers must have access to local knowledge. 

G-3 Make the resource allocation decision close to the moment of task execution. 

G-4 Decision-makers should be authorised to make resource allocations decisions on 

operational level. 

G-5 Project tasks are allocated to resources instead of the other way around. 

I-2 Reference 
intervention 

G-6 Scheduling heuristics must be used as a reference for the resource allocation 

decision. 

G-7 Scheduling heuristics can deliver an acceptable benchmark for supporting the 

organisation’s objectives. 

G-8 Scheduling heuristics should be easy to use, understand, implement, and maintain. 

G-9 The decision-makers are allowed to deviate from the scheduling proposed by the 

heuristics. 

I-3 Learning 
intervention 

G-10 Frequently assess if the arguments for deviating from the heuristics are accepted 

as a justifiable deviation. 

G-11 Periodically evaluate the decision-making process and analyse the type of 

reasoning. 

Source: an exact copy of Table 6-2, stated here for clarity. 
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8.3.1 The authorisation intervention implementation 
The authorisation intervention aims to make satisficing resource allocation decisions 

using local knowledge of decision-makers. We define a plan to implement the following 
guidelines: 

G-1  Humans make the final resource allocation decision. 
G-2  Decision-makers must have access to local knowledge. 
G-3  Make the resource allocation decision close to the moment of task execution. 
G-4 Decision-makers should be authorised to make resource allocations decisions 

on operational level. 
G-5  Project tasks are allocated to resources instead of the other way around. 
 
To implement guideline G-2, we need local decision-makers who have access to 

local knowledge. Besides that, it is required that the local decision-makers are 
authorised to make operational allocation decisions (G-4). At MDX, the engineers 
decide which task to pick from which project and are therefore the most suitable local 
decision-makers with access to local knowledge. The innovation manager also allows 
the engineers to choose the tasks to execute. With this way of working, the organisation 
complies with G-1, G-2, and G-4.  

To allocate project tasks to engineers, we look for the engineers who can execute the 
task, as intended by G-5. For the software department, it is already the current way of 
working. However, the mechatronics department consists of six engineers with each a 
particular capability. In reality, it appears that only one engineer can do the job in most 
cases. So, we apply guideline G-5, but in the mechatronics case, assigning based on 
capabilities is actually the same as assigning to a specific engineer. Therefore, collecting 
arguments related to the engineer’s capability to define the best candidate for a task will 
probably be limited at mechatronics. This limitation is an omission for our research 
since our objective is to gather a broad range of arguments to gain insight into the 
decision-making process.  

Although there is limited freedom to choose between the mechatronics engineers, 
there is still a lot of freedom to choose between the tasks to execute since there are about 
20 running projects in parallel. Each project takes two to three years and involves many 
external parties, duration and field tests guided by the engineers. Besides that, change 
requests and support tasks also demand their attention. As stated in paragraph 8.2, the 
engineers find it difficult to keep the overview and decide what task is the best to do 
next. We, therefore, expect to see a large variety of arguments about the reasons for 
selecting a specific task. The engineer decides which tasks to start when they have 
nearly finished the previous one (as close to the moment of task completion as possible, 
as intended by guideline G-3).  

 
In conclusion, management allows the engineers to make the operational resource 
allocation decisions as intended by guidelines G-1, G-2, and G-4. The engineers decide 
which tasks to pick up next when the current task is finished, as intended by G-3. Tasks 
are assigned based on capabilities, as intended by G-5. At the software department, there 
are multiple engineers with similar capabilities. However, given the small size of the 
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mechatronics team, we expect to see a limited number of arguments about which 
engineer to assign to a task. Given the high number of running projects to be executed 
by the mechatronics department, we expect to see enough arguments about the task 
selection based on the engineer’s local knowledge, which is the authorisation 
intervention's intended output. 

8.3.2 The reference intervention implementation 
The reference intervention’s objective is to better understand the management 

information by reducing the complexity. We define a plan to implement the following 
guidelines:  

G-6 Scheduling heuristics must be used as a reference for the resource allocation 
decision. 

G-7 Scheduling heuristics can deliver an acceptable benchmark for supporting the 
organisation’s objectives. 

G-8 Scheduling heuristics should be easy to use, understand, implement, and 
maintain. 

G-9 The decision-makers are allowed to deviate from the scheduling proposed by 
the heuristics. 

 
To implement guideline G-7, we need to apply scheduling heuristics as an anchor 

which can deliver an acceptable benchmark for supporting the organisation's objectives. 
The objective of MDX is to deliver projects with a predefined scope at a specific time. 
As stated in chapters 5 and 6, we will opt for priority rule (PR) heuristics since they 
generally deliver an acceptable performance (G-7) and are relatively easy to implement.  

A PR-heuristics based on the remaining work and remaining time till the due date 
will satisfy MDX’s objectives. A PR-heuristics based on these parameters is the Critical 
Ratio (CR) heuristics (Haupt, 1989). In an inversed form, (1/CR), this Critical Ratio 
heuristics is supported by the PMIS and defined as follows:  
 

Critical Ratio Priority Rule applied in PMIS: 
1/CR = Sum of processing times in critical path/remaining time till a due date 

 
The fact that we use 1/CR instead of CR has no impact on the results, according to 

Baker & Kanet (1984). So, we can conclude that the CR satisfies MDX’s objectives. 
Still, there is the second part of the guideline G-7 to cover: Can the CR-heuristics deliver 
an acceptable benchmark for our priorities?  

Haupt (1998) stated that time-dependent priority rules, like CR, outperform other PR 
rules concerning tardiness and lateness variances. A point of attention is that time-
dependent priority rules suffer from anomalies around the due date. The solution is to 
apply a tiebreaker when the denominator becomes close to zero or negative. As a 
tiebreaker, we use the sum of processing times in the critical path; the task of a chain 
that exceeds the due date the most has the highest priority. 

A more recent study by Browning & Yassine (2010) compared the performance of 
the twenty most popular PR-heuristics in a multi-project context. The critical ratio 
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heuristics is called maximum schedule pressure (MAXSP) in this research. Browning 
& Yassine used the average percentage delay of all projects for performance 
measurement, making it possible to compare projects with different durations. This 
performance measurement also suits our objectives. Out of the twenty PR-heuristics 
analysed, the MAXSP-heuristics belongs to the top five best performing ones 
(Browning & Yassine, 2010). When the supply and demand of resources work and are 
in balance, MAXSP is the best. When resources are overloaded, the performance 
declines. Note that balancing supply and demand to prevent resource overload is a 
specific attention point to base the resource allocation process on, as covered in 
paragraph 8.2, and is a prerequisite for implementing the operational guidelines. 

Based on the studies of Baker & Kanet (1984), Haupt (1998), and Browning & 
Yassine (2010), we can conclude that the critical ratio PR-heuristics can deliver an 
acceptable benchmark. Combined with the fact that the critical ratio PR-heuristics 
supports the organisation's objectives to deliver a predefined scope on time, we can 
conclude that we comply with guideline G-7. 
 

Besides delivering an acceptable benchmark and supporting the organisation's 
objectives, we need heuristics that complies with guideline G-8: “Scheduling heuristics 
should be easy to use, understand, implement and maintain”. Besides the acceptable 
performance, guideline G-8 is an important reason why PR-heuristics are popular and 
therefore applied in commercial packages (Browning & Yassine, 2010; W. S. 
Herroelen, 2005b). A reason for this is that PR-heuristics only require a few parameters 
to implement and maintain. For the PR-heuristics used in the PMIS, the minimum data 
requirements are: 
• tasks and their dependency network, 
• resource (groups) assigned to tasks, 
• rough work estimates of each task, and 
• project and milestone deadlines. 
 

To define if this PR-heuristics is easy to implement and maintain, we checked if 
MDX could comply with these minimum data requirements. As a basis for the 
mechatronics department, we use MS-project© plans, a system with which the domain 
managers responsible for the planning are familiar. The minimum data requirements 
will be embedded in the project templates, as defined in the previous paragraph. These 
templates form the basis for every planning MDX uploads to the PMIS. Using templates 
is a fast and easy way to set up high-quality project plans (Orwig & Brennan, 2000), as 
intended by guideline G-8.  

For the software department, we apply a similar approach. As a basis, we use their 
Jira© system, in which they create their plans. The estimations are quantified in hours 
of effort instead of story points, matching the scheduling heuristics chosen. To address 
the management’s main issue of not having “the big picture” (see par. 8.3), the software 
team leader agreed to define epics at the start of the project. Closer to the execution 
date, these epics are divided into stories and tasks. A network plan can be created to 
feed the heuristics by adding relations between the items. Although it is not according 



126      Chapter 8 

to the agile principles, the software team leader endorses the need of the management 
team to get an overview of which scope is delivered at what time.  

Implementing the scheduling heuristics itself in the PMIS software is, in this case, 
not an issue since the CR-heuristics is already present there. This is not a coincidence 
since all pre-case studies described in chapter 2 had the same objective of delivering 
projects with a predefined scope at a specific time. At this stage, we conclude that the 
plan to use CR-heuristics covers the “easy to implement”-part of guideline G-8.   

A crucial part of the plan of action was that MDX understood the scheduling 
heuristics well enough to apply them in the organisation. Like most companies, MDX 
applied a "rule of thumb" to work on the project with the first due date or on the task 
that has the earliest scheduled start date. It appears that the "rule of thumb" approaches 
deliver one of the worst performances of all PR rules analysed (Baker & Kanet, 1984; 
Haupt, 1989).  

We replace a deterministic resource allocation approach, based on task start and end 
dates in Gantt charts, with a task list ordered by a priority rule. Such a fundamental 
change is not without organisational risk (Cook, 1998 p.68; Millhiser & Szmerekovsky, 
2012). Research in applying (critical chain management) priority rules showed that it 
has more effect to change organisational behaviours by using practical examples and 
management games than presenting scientific proof (Millhiser & Szmerekovsky, 2012). 
Therefore, to convince MDX, we plan to play a serious business game, simulating 
different priority rules and comparing their performances. We plan to do two different 
training types for different audiences: a one-hour training for the management team to 
understand the basics and a half-day training for the engineers, team leads and planners 
to understand the basics and teach them how to use, implement, and maintain the 
scheduling heuristics.   

 
Figure 8-2 shows an example of the management game. This game explains the 

effect of using a priority rule. The managers just have to answer a “simple” question: 
which tasks to start first in the described context. We tried this game at the pre-cases 
(chapter 2) and with managers of other companies. Most of the participants selected the 
worst case possible on all occasions. After playing this game1, the participants learn 
how to use, implement, and maintain the applied CR-heuristic, as intended by guideline 
G-8.   

 
1
 The answer to game is B 
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Figure 8-2 Management game showing the impact of priority rules. 

Guideline G-6 is related to G-8. Once the participants understand the need for using 
the PR-heuristics (G-8), it is more likely that they then tend to apply them as a reference 
to base their allocation decisions on (G-6). The ease of use is crucial for creating support 
for the participants to apply the prioritised task list in their day-to-day work. Figure 8-3 
gives an example of the task list. When selecting a new task, the engineers should apply 
the following rules: 
• Select the highest priority task that is “ready to start” that you can execute (The PMIS 

marks a task “ready to start” automatically when all predecessors are finished). 
• You are allowed to deviate from the priority list if you add a reason in the task's 

comment field, as indented by guideline G-9. 
• Mark the task as completed in the PMIS as soon as you cope with it. If it is a larger 

task (more than 40 hours), estimate the remaining work at least once per week, 
preferably each day. 

• If you cannot continue with a task because, e.g., specifications, materials are missing, 
then put the task “on hold” in the PMIS and provide a reason in the task’s comments. 

• To prevent (bad) multi-tasking, select a new task only when you complete the 
previous one. 
    
The priority list is accessible for all participants on a web page or a mobile app. The 

time it takes to update a task is typically a matter of seconds, making the planning easy 
to use and maintain, as intended by guideline G-8. Once an update is made, the PMIS 
automatically recalculates the priorities. Even when reporting no progress, priority rises 
automatically since the time till the due date decreases. Applying these rules means that 
the planning is always up to date. Replanning is required only in case of scope or 
milestone changes, which is the responsibility of MDX’s domain managers, who are in 
charge of the planning. 
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Figure 8-3 Example of the priority list 

 
From the pre-case studies (chapter 2), we have learned that there is a severe risk that 

the employees do not adhere to the rules we described. Phases 4 and 5 of the 
implementation plan are meant to prevent this (Appendix A.1). A lesson learned from 
these cases is that top-level management support is key for driving the resource 
allocation process. The semi-government case (par. 2.6) went wrong because the top-
management did not take their objectives seriously. After a while, neither did the 
employees, and the priorities lost their value. The top-level management training and 
active management involvement throughout the process are meant to implement a 
sustainable process. With the defined actions in place, we expect that the priority list 
will be used as a reference for the resource allocation decisions, as intended by guideline 
G-6. 

 
In conclusion, we use a PR-heuristics that complies with MDX’s objective to deliver 

a particular scope on a specific date, as intended by guideline G-7. Literature shows that 
the applied critical ratio PR-heuristics can provide an acceptable benchmark and is easy 
to set up, use, and maintain, as intended by guideline G-8. The engineers get online 
access to the priority list. They get the instructions on using the list as a reference for 
resource allocation, as intended by guideline G-6. If the engineers deviate from this 
provided order, we ask them to give a reason in the PMIS, as intended by guideline G-
9. So, this implementation plan covers all reference intervention guidelines, and 
processes are defined to drive the engineers to adhere to the plan of action.  
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8.3.3 Learning intervention 
The learning intervention’s objective is to facilitate a learning process. The learning 

process will also help to keep focus on the agreed processes and to adapt them when 
required. We define a plan to implement the following guidelines:  

G-10 Frequently assess if the arguments for deviating from the heuristics are 
accepted as a justifiable deviation. 

G-11 Periodically evaluate the decision-making process and analyse the type of 
reasoning. 

 
To implement guideline G-10, we need to facilitate a review process to assess the 

arguments for deviating from the heuristic. It can be organised in different ways, as 
depicted in Figure 8-4. We analysed the two illustrated review models in Appendix-I. 
Both of them have their pros and cons, but the conclusion is that we do not have a 
scientifically based preference for one of the models. The choice mainly depends on the 
situational aspects of the case study candidate.  

 

Figure 8-4 Resource allocation review process (source Appendix I) 

The post-review model is most applicable at MDX for practical reasons. We can 
incorporate the review process in the weekly team meeting. To prevent information loss, 
we ask the engineers to make a small note in the PMIS, which can be applied during the 
team meeting as a reminder to discuss the reasoning. At these meetings, we use the 
priority list as a reference to evaluate the decision made against the other tasks in the 
priority list. MDX agreed to have a bi-weekly meeting with the researcher on-premises 
and, if required, a weekly telephone call to prevent information loss. We reconsider the 
proposed review set-up frequently enough to make it comply with guideline G-10.  

Once every two months, we evaluate the resource allocation process and analyse the 
type of reasoning. Based on this periodic analysis, we define improvement actions. We 
ask the team to be present at these meetings, including the manager of innovation and a 
C-level representative (the CEO and/or COO).  MDX also regards a period of once 
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every two months as a reasonable time to expect the results of the defined actions. 
Performing this periodic analysis complies with guideline G-11. 

8.4 Conclusion 

The case study set-up defines the plan covering both the business goals of MDX and 
our research objectives. The implementation plan also covers the non-compliances 
regarding the context guidelines found during the case study selection analysis. We 
found solutions for all operational and context guidelines, and MDX agreed to adopt 
them.  

Implementing this plan requires a severe organisational change, which takes 
significant effort, time, and investment. Despite all preparations, the adoption is risky 
since the plan affects many aspects of the resource allocation process, which is crucial 
for any project management organisation. The risks are mitigated by applying lessons 
learned from the pre-cases and implementing the guidelines that are well-founded by 
theory. The risk of failure is also mitigated by actively involving MDX’s staff and C-
level management in the planning phase and explaining the impact of the proposed 
changes.  
 



 





 

9 Data Gathering and Analysis 
Preparation 

9.1 Introduction 

The objective of the data analysis is to evaluate whether the application of the design 
proposition from chapter 6 leads to improved resource allocation decisions. This chapter 
defines an evidence-based data gathering approach to ensure the data analysis’s validity 
and reliability. This strategy applies the positivist tradition that embraces commonly 
used criteria to assess the rigour of field research; internal validity, construct validity, 
and reliability (Gibbert et al., 2008). This chapter does not address the fourth criterion 
to ensure external validity since this is analysed afterwards (par. 12.3.4). 

As depicted in Figure 9-1, defining the data gathering approach and analysis 
preparation is the final step before the case study execution. The preparation contributes 
to objective OBJ-4.B, which validates an approach leading to satisficing resource 
allocation decisions. 
 

Figure 9-1 Thesis structure 

So far, we have ensured rigour throughout the design science research cycle by 
defining a design proposition with clear traceability to the related theory and the 
research question asked. Based on the general approach to ensure reliability and 
validity, we start with a description of the research approach applied in this chapter for 
data gathering and analysis.  
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The applied research approach to the data gathering is the Goal Question Metrics 
(GQM) approach (Basili et al., 1994). It answers questions in a structured way and 
traces the goals to the data found. Since this is a complicated step to do at once, the 
GQM approach provides a framework for data interpretation. It is a top-down organised 
framework, starting with describing the goals at conceptual level (Figure 9-2). The goals 
denote the measurement objectives and state the reason for measuring. For each goal, a 
set of questions has to be defined. They are at an operational level, and their objective 
is to assess a specific goal. Each question defines the information needs to provide 
knowledge about the questions asked. Basili’s GQM is based on quantitative metrics. 
Besides metrics about deviations from the priority list, we are also interested in 
qualitative data like why decision-makers deviate and how the implementation of the 
guidelines is perceived. Therefore, in addition to Basili’s quantitative metrics, we added 
qualitative information requirements to the GQM as depicted in Figure 9-2. With this 
addition, the general philosophy of the GQM approach is still applicable; The data 
collected delivers answers to the questions asked, supporting the discussion to what 
extent the goal is achieved (Basili et al., 1994). The GQM framework is an excellent 
means to build a clear chain of evidence to ensure construct validity.  

Figure 9-2 GQM-framework based on Basili et al. (1994) 

This chapter starts with defining the measurement goals in paragraph 9.2. In 
paragraph 9.3, the questions, the metrics and the information requirements using GQM 
are determined for each goal. Paragraph 9.4 outlines the measurement instruments to 
capture the information needs. The measurement process, scope and their contribution 
to the metrics and information requirements are described for each measurement 
instrument.  

Paragraph 9.5 defines the data analysis approach for each measurement goal based 
on the measurement instruments’ data. The objective of the analysis is to determine if 
the design proposition leads to the intended output, which is improved resource 
allocation decisions. Paragraph 9.6 describes how to draw overall conclusions based on 
the data analysis of paragraph 9.5. Paragraph 9.7 evaluates the reliability and validity 
of the designed data analysis approach. Paragraph 9.8 describes how to ensure research 
integrity and ethical justification during the entire research.  
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Summarised, the research approach for data gathering and analysis consists of the 
following steps: 
1. Outline the measurement goals. 
2. Define the GQM per measurement goal and the required data. 
3. Choose the measurement instruments to deliver the required data. 
4. Define how to analyse the data. 
5. Delineate the ethical justification of the case study. 
6. Determine the validity and reliability of the approach to data gathering and analysis. 

9.2 Defining the data gathering measurement goals 

The objective of the data analysis is to evaluate whether the application of the design 
proposition leads to improved resource allocation decisions. The guidelines in our 
design proposition should lead to this. Therefore, one goal is to determine whether the 
operational guidelines are understood, accepted, and applied by those involved. These 
guidelines should drive a change where local decision-makers are authorised, able and 
willing to make allocation decisions based on a priority list.  

One of our research objectives is to get insight into the resource allocation process. 
To define measurement goals that will bring light to this process, we will first examine 
the possible outcomes. On a high level, the possible outcomes are limited (Table 9-1): 
a)whether the decision-maker follows the priorities suggested by the scheduling 
heuristics or not; b) the reason why they made the decision is whether accepted as a 
justifiable deviation from the heuristics or not.  

Table 9-1 Possible outcomes of allocation decisions 

 

Follow the scheduling 
heuristics 
 

Deviate from scheduling heuristics 
 

Reasoning is accepted as 
a justifiable deviation 
from the scheduling 
heuristics 
 

Having contextual knowledge  

Being the expert  

Task has clearly the highest 

urgency 

The previous task was not completed  

Additional required resources are working on 

higher priority tasks  

Ignorance but with the right intentions  

Physical inability 

Reasoning is not 
accepted as a justifiable 
deviation from the 
scheduling heuristics  
 

Just following the rules  

Ignoring situational aspects 

Helping others whose tasks are not 

prioritised 

Horse trading, non-professional 

behaviour  

Selecting tasks based on personal 

preferences 
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Based on these possible outcomes, we expect to see that: (a) decision-makers deviate 
from the scheduling heuristics and (b) the majority of the arguments for deviating from 
the heuristics are accepted with consensus as an improved resource allocation decision. 
We also expect to see that (c) the arguments are diverse, and (d) the decision-makers 
become better at providing accepted arguments over time. The process of delivering 
these arguments becomes consistent and sustainable. We expect to see a consensus 
about the resource allocation decisions within the team.  

Even if we establish that implementing the design proposition leads to improved 
resource allocation, it is still a business decision to conclude if it is worth the effort in 
applying the design proposition. Therefore, our final measurement goal is to define the 
case study candidate’s additional value in applying the design proposition. A way to 
measure this is to verify if the case study candidate chooses to continue, implying that 
a part of the improvement relates to implementing the design proposition.  

 
Summarised, our GQM goals are: 
Goal-1: Defining to what extent local decision-makers deviate from the predefined 

work order outlined by the scheduling heuristics. 
Goal-2: Determining to what extent the arguments for deviating from the scheduling 

heuristics are accepted as a justifiable deviation. 
Goal-3: Defining if the arguments are so diverse that they are hard to manage or embed 

in scheduling heuristics. 
Goal-4: Examining if a learning effect is visible. 
Goal-5: Determining whether the operational guidelines are understood, accepted, and 

actually applied by those involved. 
Goal-6: Specifying the additional value for the case study candidate in applying the 

design proposition. 
 

We start with defining the GQM for each goal in the next paragraph (9.3), concluding 
if the goals are sufficient to achieve the objective, evaluating whether the design 
proposition’s application led to improved resource allocation. 

9.3 GQM applied to measurement goals 

We outline the questions and information needs for the measurement goals defined 
in the previous paragraph by applying the GQM approach. Note that these information 
needs, as discussed in paragraph 9.1, include both quantitative metrics and qualitative 
information requirements. At the end of this paragraph, there is an overview of the 
information needs and an analysis of whether the GQMs are sufficient to achieve the 
objective to evaluate whether the application of the design proposition led to improved 
resource allocation decisions. The way of fulfilling these information needs in practice 
is defined in the next paragraph, 9.4, by outlining their measurement instruments.  
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9.3.1 GQM Goal-1: Defining to what extent local decision-makers deviate from 
the predefined work order outlined by the scheduling heuristics 

The authorisation intervention I-1 and the reference intervention I-2, as defined in 
the design proposition (par. 6.5 Table 6-2), intends to create an environment where 
decision-makers are allowed to use their local knowledge to improve the scheduling 
heuristics. So, by design, we expect to see deviations from the scheduling heuristics. 
Goal-1 is to find out to what extent deviations take place. In case of minimal deviations, 
it can mean that the decision-makers are not able, willing or allowed to deviate from the 
heuristics, implying that the authorisation intervention I-1 does not lead to the intended 
outcome.  On the other hand, if the majority of the decisions deviate from the heuristics, 
it can indicate that the quality of the heuristics is too low to drive the anchoring and 
adjustment mechanism we rely on in the reference intervention I-2. Both aspects should 
be considered in combination with the outcome of the other measurements.  

These measurements can be done quantitatively by the PMIS and imported into a 
spreadsheet to analyse. At the moment a task is allocated to a resource, the PMIS can 
determine if this was the most applicable task for this resource.  

Table 9-2 GQM to log deviations from scheduling heuristics 

Goal-1 

 

Viewpoint 

Defining to what extent local decision-makers deviate from the predefined work order 

outlined by the scheduling heuristics. 

Scheduling heuristics   

Q-1 

M-1 

How many deviations from the scheduling heuristics take place? 

Assessment if a deviation from scheduling heuristics took place at the moment of 

resource allocation  

(source of evidence: PMIS and analysed in a spreadsheet; measured quantitatively) 

9.3.2 GQM Goal-2: Defining to what extent the arguments for deviating from 
the scheduling heuristics are accepted as a justifiable deviation 

The main question is how to assess that a deviation from the scheduling heuristics is 
accepted as an improvement. In an environment like an MPE, where no optimal 
solutions are possible, Simon’s satisficing principle can act as a “stop rule” (Agosto, 
2002): the decision-maker can stop the decision-making process when an acceptable 
alternative is found. The stop-criteria can be quantitative and qualitative (Prabha et al., 
2007). Quantitative measures mean, for example, the time spent on or available for a 
decision-making process or the fact that due date requirements are met, i.e., why should 
we spend more time on finding a better solution when no project deadlines are 
jeopardised? Qualitative requirements mean, for example, the trustworthiness of local 
information or gathering exhaustive information before the final decision was made 
(Prabha et al., 2007). The satisficing theory can also be applied to a group of decision-
makers reviewing the decision.  
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Our definition of ‘accepted’ is as follows:  
 
A decision is accepted when the group having the local knowledge gives approval 

or acceptance 
 
Being able to define the “performance standards” in a team setting is considered to 

be a strong motivator from a sociotechnical perspective according to the ProMes 
(Productivity Measurement and Enhancement System) literature (Pritchard et al., 2008; 
Van Tuijl, 1997; par. 5.7). 

When starting the case study, we defined quantitative metrics to assess the degree of 
difficulty of this judgment. In practice, this did not work. In the beginning, we tried to 
log the time it took to come to a decision, but after the first session, it appeared that the 
assessment was done instantly with unanimity. Instead of quantitative evidence, the 
qualitative one is captured in the event logbook, the analysis spreadsheet and the 
guideline interviews. The analysis of these sources of evidence is described in 9.5.2. 
Note that M-3 is not a quantitative metric as proposed by the GQM approach but a 
qualitative information requirement. Since the GQM approach’s general philosophy is 
still applicable, we add the information requirements to the GQM table at the end of 
this chapter. 

Table 9-3 GQM to log acceptance of deviations from scheduling heuristics 

Goal-2 

 

Viewpoint 

Determining to what extent the arguments for deviating from the scheduling heuristics 

are accepted as a justifiable deviation. 

Team related to the decision-maker 

Q-2 

 

M-2 

 

M-3 

Is it the opinion of the resource group that the resource allocation decision made was 

correct at the moment it was taken?   

A statement of whether the resource allocation argument is justifiable or not.  

(sources of evidence: analysis spreadsheet based on the PMIS; measured quantitatively) 

The degree of difficulty to assess the quality of the allocation decision  

(sources of evidence: event logging, guideline interviews, analysis spreadsheet; measured 

qualitatively) 

9.3.3 GQM Goal-3 Defining if the arguments are so diverse that they are hard to 
manage or embed in scheduling heuristics 

We expect to see a wide variety of arguments based on the local knowledge of 
decision-makers. These arguments embed the environment’s dynamic character, going 
beyond operational reasons only, indicating that decisions are properly thought out and 
made on purpose. 

Some arguments can be added to the scheduling heuristics, but it is expected that the 
majority cannot. We apply the comply-or-explain approach, meaning that we only 
register deviation from the heuristics. 
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Table 9-4 GQM to log the diversity of deviations from scheduling heuristics 

Goal-3 

 

Viewpoint 

Defining if the arguments are so diverse that they are hard to manage or embed in 

scheduling heuristics  

Decision-maker 

Q-3 

M-4 

What types of arguments are given to deviate from the scheduling heuristics? 

Degree of the diversity of arguments  

(source of evidence: analysis spreadsheet, observation logbook, guideline interviews; 

measured qualitative) 

9.3.4 GQM Goal-4:  Examining if a learning effect is visible 
The objective of the design proposition is to teach local decision-makers to make 

improved resource allocation decisions.  
Besides the question “How to measure?”, which we discussed in 9.3.2, to define if a 
decision is “acceptable”, there is another vital question: “What is improved?” This 
question is hard to answer objectively in a multi-project environment. With “hard”, we 
mean NP-hard, which implies that no algorithm is available that provides the optimal 
solution to be used as a reference. According to the Merriam Webster dictionary, 
“improve” is “make better”, which is defined as a) “to make more tolerable or 
acceptable” or b) “improved in accuracy or performance”. Combining these two 
meanings, we define “improved” as: 
• The increase of acceptable resource allocation decisions over time (based on M-2 

over time). 
• The difficulty of assessing a decision (based on M-3 over time) decreases. 

 
So, we speak about improvement if there is consensus and consistency in the 

decision-making process resulting in an increased rate of accepted resource allocation 
decisions over time. 

The data used to achieve this measurement goal is equal to Goal-2, only now 
analysed over time. M-5 is a quantitative metric displaying M-2 over time in a table or 
a graph. As discussed at Goal-2, there is no quantitative data available for M-2, and 
hence also for M-6. Therefore, M-6 is not a metric, but a qualitative information 
requirement derived from multiple sources of evidence. 

Table 9-5 GQM to log if a learning effect is visible 

Goal-4 

Viewpoint 

Examining if a learning effect is visible. 

Team related to the decision-maker. 

Q-4 

M-5 

 

 

 

Q-5 

M-6 

Does the acceptance of resource allocation decisions increase over time?   

The number of justifiable and non-justifiable resource allocation arguments over 

time. 

(sources of evidence: analysis spreadsheet based on the PMIS-same as M2-; 

measured quantitatively). 

Does the degree of difficulty assessing decisions decrease over time? 

The evolution of the degree of difficulty to assess decision quality over time. 

(sources of evidence: event logging, guideline interviews, analysis spreadsheet -

same as M3-; measured qualitatively). 
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9.3.5 GQM Goal-5:  Determining whether the operational guidelines are 
understood, accepted, and actually applied by those involved 

We need to understand the extent to which the guidelines are understood, accepted, 
and applied by those involved. The questions are arranged to refer to our interventions 
without explicitly mentioning them. The answers to those questions are intended to 
reveal: 
• to what extent the interventions have contributed to improved motivation,  
• to what extent local situational information is used when making decisions/choices, 
• to what extent people have learned something (useful). 

 
The answers may relate to multiple interventions and several underlying guidelines. 

A qualitative approach to obtaining this information is more appropriate than 
quantitative. So, in the GQM table, M7 is an information requirement instead of a 
metric. The information need is the same for each question.  

Table 9-6 Open interview questions to determine whether the operational guidelines are understood, 

accepted and actually applied   

Goal-5 

 

Viewpoint 

Determining whether the operational guidelines are understood, accepted, and actually 

applied by those involved.  

All involved participants 

Q-6 

 

Q-7 

 

Q-8 

M-7 

To what extent have the interventions contributed to improved motivation? 

(Authorisation intervention) 

To what extent has local situational information been used when making 

decisions/choices? (Reference intervention) 

To what extent have people learned anything (useful)? (Learning intervention) 

The extent to which the guidelines are understood, accepted and applied by those 

involved. 

(source of evidence: guideline interviews, event logging, analysis spreadsheet) 

9.3.6 GQM Goal-6:  Specifying the additional value for the case study candidate 
in applying the design proposition 

In a dynamic environment like an MPE, the contribution of interventions to 
organisational performance is hard to quantify since it is nearly impossible to measure 
this in a controlled experimental environment. Also, there is inevitably a time delay 
between doing something and witnessing the effects. Even if the resource allocation 
decisions improved over time, it can still be caused by other or additional influences 
than the design proposition’s interventions: success has many fathers. 

The answer to this question is not only related to the final output of the design 
proposition: “does it lead to improved resource allocation decisions” but also to the 
question “is it worth the effort”. Since we use design science research to deal with a 
management problem that exists in reality, this is a legitimate question.  
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The question “is it worth the effort” is a business consideration weighing the costs 
and benefits and should be asked from different perspectives: 
• at the start, when approving the budget,  
• at the end of the implementation, when most investments are made and only running 

cost remains, 
• looking back to the start, considering all effort and investment made so far.  

 
These three perspectives are entirely different. If the case study candidate had to 

spend a fortune, and the benefits were marginal, then the answer to the last question was 
negative. The answer to continue can still be positive since this consideration weighs 
the running costs against the added value. If the case study candidate chooses to 
continue, this also implies that at least a significant part of the improvement related to 
resource allocation attributes to implementing the design proposition. 

Since it is a business consideration, it is essential to state that at the start, a regular 
commercial offer is proposed to implement a PMIS. After implementing the PMIS, a 
yearly (commercial) licence fee is charged. The proposal to conduct the case study at 
MDX is made during the unfreezing phase once the research team agrees that MDX 
complies with our context requirements.  

Table 9-7 states the GQM for measuring the added value of applying the design 
proposition. We will ask all the participants the “key-question” if they want to continue. 
The decision to extend the contract is a quantitative measure. The reasoning why the 
case study candidate wants it provides qualitative insight. If they intend to continue, we 
will do a final check after six months. During these six months, no interference from 
the researcher is expected. The independent usage phase also gives insight into whether 
they can apply the guidelines independently without the researcher’s interference. We 
chose six months because this is the same period estimated to witness the learning effect 
in the data collection phase.  

Table 9-7 GQM to define additional value for the case study candidate in applying the design proposition 

Goal-6 

 

Viewpoint 

Specifying the additional value for the case study candidate in applying the design 

proposition. 

Case study participants (Q-10 only), Management (Q-9&10) 

Q-9 

Q-10 

 

M-8 

At the start of the case study: Is the pretended added value sufficient to invest?  

At the moment in time, looking forward or backwards: Is/was it worth the effort to 

implement and apply the design proposition? 

Statement if it is worth implementing and applying the design proposition. 

(source of evidence: exit interview, guideline interviews, event logging, starting 

agreement, exit Interview and post verification interview; qualitative) 
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9.3.7 Overview of Metrics and information requirements 
In this paragraph, 9.3, we defined quantitative metrics as well as qualitative 

information requirements using the GQM approach. An overview of them is given in 
Table 9-8. The following paragraph defines how to gather the required data for M-1 to 
M-8. 

Table 9-8 Overview of metrics and information requirements   

Goal Id Information 
need type 

Description 

Goal-1 

 

Goal-2 

 

 

 

Goal-3 

Goal-4 

 

 

 

Goal-5 

 

Goal-6 

M-1 

 

M-2 

 

M-3 

 

M-4 

M-5 

 

M-6 

 

M-7 

 

M-8 

Metrics 

 

Metrics 

 

Information req. 

 

Information req. 

Metrics 

 

Information req. 

 

Information req. 

 

Information req. 

Assessment if a deviation from scheduling heuristics occurred at 

the moment of resource allocation. 

A statement of whether the resource allocation argument is 

justifiable or not. 

The degree of difficulty to assess the quality of the allocation 

decision. 

Degree of the diversity of arguments. 

The number of justifiable and non-justifiable resource allocation 

arguments over time. 

The evolution of the degree of difficulty to assess decision 

quality over time. 

The extent to which the guidelines are understood, accepted and 

applied by those involved. 

Statement if it is worth implementing and applying the design 

proposition. 

Source: M1 to M8 are defined in this paragraph 
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9.4 The Measurement instruments 

 This paragraph defines what measurement instruments to use to gather the data to 
fulfil the information needs consisting of quantitative metrics and qualitative 
information requirements. An overview of the relation between the information needs 
and their measurement instruments is given in Table 9-9. One measurement instrument 
can contribute to different metrics and information requirements used for data 
triangulation in the analysis phase. 

Table 9-9 The measurement instruments and their relations to the metrics and information requirements 

Goal Goal-1 Goal-2 Goal-3 Goal-4 Goal-5 Goal-6 

Metrics and                      

 

information 

needs ® 

 

 

Measure-

ment 

instruments 

        ¯ 

M-1  
Assessment if 
a deviation 
from 
heuristics 
occurred at 
the moment 
of resource 
allocation. 

M-2 
Statement 
of whether 
the 
resource 
allocation 
argument 
is 
justifiable 
or not. 

M-3  
The degree 
of 
difficulty 
to assess 
the quality 
of the 
allocation 
decision. 

M-4 

Degree of 
the 
diversity 
of 
arguments. 

M-5 
Number of 
justifiable 
and non-
justifiable 
resource 
allocation 
arguments 
over time. 

M-6 
Evolution 
degree of 
difficulty 
to assess 
decision 
quality 
over time. 

M-7 

The extent to 
which 
guidelines are 
understood, 
accepted, and 
applied. 

M-8 

Statement 
if it is 
worth 
implementi
ng and 
applying 
the design 
proposition 

MI-1 

PMIS data 

x x       

MI-2 

Analysis 

Spreadsheet 

x x x x x x x  

MI-3 

Guideline 

Interviews  

  x x  x x x 

MI-4 

Event 

Logging  

  x x  x x x 

MI-5 

Starting 

Agreement  

       x 

MI-6 

Exit 

Interview  

       x 

MI-7 

Post 

verification 

interview  

       x 

Source: Defined in this paragraph 

 
To outline the measurement process and the sources of evidence, we depicted the 

design science’s regulative cycle linearly in Figure 9-3. The lengths of the phases are a 
rough indication of the initial planning. It took four years instead of two in practice: one 
year caused by the first two phases, which took 11 and 8 months, respectively, and 
another year because we extended the independent usage phase. 
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Figure 9-3 planned timeline with based on the DSR-problem solving cycle, based on Figure 7-2 (par. 7.1) 

In general, the data gathering goes as follows: a part of the measurements is done by 
the Project management information System (PMIS), which delivers insights if 
decision-makers deviate from the scheduling heuristics. The data from the PMIS is 
documented in a spreadsheet (MI-1). This spreadsheet data is analysed with the team to 
decide whether the arguments are justifiable or not. These arguments and classifications 
of resource allocation decisions are added to the spreadsheet (MI-2). Throughout the 
whole case study process, the researcher makes observations related to the resource 
allocation process and documents this in an event logbook (MI-4). At the end of the 
case study, interviews are conducted to ask the participants about their view on the 
resource allocation process (MI-3) and if it was worth the effort to implement and apply 
the operational guidelines (MI-6). Also, we used the initial contract to measure our 
interventions’ perceived added value at the start of the case study (MI-5). Finally, half 
a year after the end of the case study, it is again verified whether it is worth the effort 
(MI-7) by conducting an interview. 

9.4.1 Measurement Instrument MI-1: The project management information 
system  

For this research, we developed dedicated software to measure the resource 
allocation behaviour of PMIS users. This software module determines if a deviation 
from scheduling heuristics occurs at the moment of resource allocation (metrics M-1). 
This measurement process assesses all resource allocation decisions fully automated, 
eliminating selectivity and reporting bias, which is a common issue in collecting data. 
The contract with the case study candidate covers the access and usage of the data for 
the research purpose. Access to the PMIS source code to build the measurement 
software is ensured since the researcher is the owner of the PMIS. 

The data provided by the PMIS’s software module also supports metrics M-2 to 
determine whether the resource allocation argument is justifiable or not. Note that the 
PMIS’s software module only measures the data used by the analysis spreadsheet to 
draw conclusions. 
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Scope of measurement 
All tasks executed by the participants that are present in the PMIS.  

 
The Measurement Process 

The measurement process is executed automatically by the PMIS’s software module. 
The software module is a reporting engine that logs all participants’ resource allocation 
behaviour by reporting any hour in relation to other tasks in the PMIS. Determining if 
a resource allocation decision is a deviation from the predefined work order starts with 
defining what tasks are available to choose from. The priority list, which represents the 
predefined work order, contains all projects’ tasks for all functional groups and 
resources. The first criterion for availability is if the task is “ready to start”, meaning 
that the predecessors as defined in the project plan are finished. The second criterion is 
if the resource has the appropriate skills to execute the task. The third criterion is that 
this task is not yet assigned to another resource. Although allocating resources upfront 
limits flexibility, it is actually done for efficiency reasons. E.g., if one employee does 
one task in a project, the same employee is also assigned to the tasks requiring the same 
context knowledge. At MDX, it is common practice to assign tasks for a more extended 
period upfront to named resources. Therefore, as a resource allocation decision moment, 
we use not the moment a named resource is assigned to a task. Instead, we use the 
moment the task is picked from the task list for execution.  

 
The data captured and calculated by MI-1.  

 For the evaluation of the deviations from the priority list (M-1) and the assessment 
of the arguments (M-2), the following additional data is captured by the PMIS and 
stored in a log file: 
• date and time when spent hours are logged in the PMIS; 
• project name, task name, task status (“in progress”/“ready-to start”/“on hold”) and 

Task ID, the priority of the executed task;  
• named resource and group assigned to the executed task; 
• the number of hours spent since the last log, total spent and remaining scheduled 

hours; 
• the number of tasks skipped with higher priority assigned to the same-named 

resource; 
• the priority of the highest skipped task assigned to the same-named resource; 
• task IDs and the priority of the first three skipped tasks assigned to the same-named 

resource; 
• the number of unassigned tasks skipped belonging to the same assigned group; 
• the priority of the highest unassigned skipped group task; 
• task IDs and priority of the first three unassigned skipped assigned group tasks.  
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Contribution of measurement instrument MI-1 to the information requirements and 
metrics of M-1 and M-2 
Measurement instrument MI-1 contributes to M-1 to M-2 for the following reasons: 
• M-1; The PMIS’s calculated task priority and the skipped tasks’ data make it possible 

to assess if a deviation from scheduling heuristics occurred. 
• M-2; To support the decision whether a resource allocation argument is justifiable 

or not, the PMIS provides information about the context in which this decision is 
made. How many tasks did you skip? What tasks did you skip? For how many hours 
did you work on this task? MI-2 uses this information to support the decision if a 
resource allocation argument is justifiable. 

 
Summarised: 

Measurement instrument: PMIS, Logging of resource allocation decisions 
Source of evidence: An archival record containing quantitative data about all 

resource allocation decisions.  
Case study database: a) Monthly backups of the PMIS database during the 

data collection phase 
b) A log file containing data for each task status change 
or when spent hours are recorded 

When: The data collection phase starts after the moving phase 
for six months 

9.4.2 Measurement Instrument MI-2: Analysis spreadsheet based on the PMIS 
The analysis spreadsheet is based on the data from the PMIS. The logged data from 

MI-1 is imported into a spreadsheet and enriched with data analysis and additional 
measurements to capture insight into the resource allocation process. 

Since this measurement process can’t be fully automated, guidance is required, 
especially in the assessment process where the team has to agree whether the reason to 
select a task is justifiable or not. The researcher who guides the implementation of the 
design proposition, the participant, is the appropriate candidate to guide this process 
since this researcher is familiar with the candidate’s case study context and has had time 
to build up a relationship of openness and trust with the participants. 

 
Scope of measurement 

Our first objective to discuss all resource allocation decisions with the team was not 
feasible in practice. It took too much time to discuss all allocation decisions in depth. 
Discussing the cases in which the decision-maker followed the priority list did not bring 
additional value. There was no point to debate these cases with the participants. 

Secondly, there was a discussion with the participants about the definition of a 
resource allocation decision. It appeared that some tasks were started but not finished 
and picked up again after a while. Besides the assessment, if the decision-maker had a 
justifiable argument to multi-task, assessing all these task changes became quite 
cumbersome. As a rule, we discussed only the tasks of which no spent hours were 
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logged for seven calendar days. Without scientific proof, the reasoning was that the 
context within a week is not changing dramatically to bring significant new arguments. 

So, the scope of measurement instrument MI-2 consists of all deviations from the 
priority list of tasks that have not been worked on for at least seven working days. 
 
The Measurement Process 

The objective of the measurement process is to come to a resource allocation 
classification with the participants and capture their arguments. As discussed in Table 
9-1, the classification results in theory in four possible outcomes:  

Class J-P:  Justifiable decision to follow the priority list 
Class NJ-P:  Non-Justifiable decision to follow the priority list (not measured) 
Class J-NP:  Justifiable decision to deviate from the priority list 
Class NJ-NP:  Non-Justifiable decision to deviate from the priority list 
 

Where J=Justifiable allocation decision, NJ=Non-Justifiable allocation decision, 
P=Prioritized, the highest priority is executed, NP=Non-Prioritized, a deviation from 
the priority list. As mentioned in the scope, class P items were not discussed and are 
automatically classified as J-P, so the class NJ-P never appeared in the measurements. 

In a bi-weekly session, the researcher discusses the deviations from the priority list 
during the last two weeks with the case study participants. The measurement process 
for each deviation is described below. 

Firstly, the NP-classification based on the PMIS logged data is discussed. In theory, 
the class is NP if any available task from the priority list with a higher priority is 
skipped. However, in practice, nuances appeared, requiring a manual assessment if the 
class was indeed NP in the participants’ eyes. It frequently appeared that a high priority 
task was skipped and remained at the top of the priority list. Any resource allocation 
decision was classified NP as long the highest priority task was not executed, or the 
planning was adapted. 

In some cases, this is correct, but in other cases, it deteriorates the measurements for 
weeks for no good reason. These cases will be discussed in the analysis. For the 
measurement process, we added a parameter “NP-correction”, which turns an “NP” into 
a “P” to override the automatic classification. There were also other reasons to apply 
the NP-correction, but this will be discussed in the analysis. The researcher should add 
a comment to the analysis spreadsheet on why the team decided to do so.  

Secondly, the J-NJ classification is determined. The researcher asks the decision-
maker why the tasks were skipped. To guide the process, the researcher can display in 
the PMIS the details of the first three tasks skipped to refresh their memory. For each 
measured skipped task, the decision-maker has to give an argument. During the 
discussion, the researcher documents the arguments of the discussed allocation 
decisions in the analysis spreadsheet’s comments column. After the discussion, the 
researcher asks the team whether the decision-maker has justifiable arguments for 
deviating from the priority list or not. The original idea was to measure the assessment 
process quantitatively. As metrics, we planned to use unanimity and the time it takes 
for the team to decide (metrics M-3). In practice, this appears to be too cumbersome. 
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The measurement added too little value since, after the moving phase, most decisions 
were made unanimously in a split second. We, therefore, choose to describe only 
exceptional cases in the comments. 
 
The data added to the analysis spreadsheet 

During measurement MI-2, the following data columns are added to the analysis 
spreadsheet: 
• Logged data of the PMIS from measurement instrument MI-1. 
• Assignment change (True/False): true if no spent hours are recorded for the last 

seven calendar days. 
• Auto classification; J-P or NP 
• NP-correction (True/False): true if the team decides to adjust NP-Classification of 

PMIS to P-class. 
• Comment: The argument of why to execute this task and why to skip the other tasks. 
• Reason Classification: classification of the arguments, added in the data analysis 

phase. 
• Justifiable Reason (True/False):  true if the arguments are accepted by the team, 

resulting in class J; false if not accepted, resulting in class NJ. 
• Allocation classification: calculated based on Auto classification, NP-correction and 

Justifiable Reason parameter resulting in class J-P, J-NP, NJ-P (NJ-NP is not 
measured). 

 
Contribution of measurement instrument MI-2 to the information requirements and 
metrics of M-1 to M-7 
Measurement instrument MI-2 contributes to M-1 to M-7 for the following reasons: 
• M-1 and M-2 The allocation classification is calculated, and the result is available in 

the analysis spreadsheet. 
• M-3 The comments provide information about the degree of difficulty in assessing 

the allocation decision's quality.  
• M-4 The comments provide information about the degree of diversity of arguments.  
• M-5 The allocation classification and timestamp provide information about the 

number of justifiable and non-justifiable resource allocation arguments over time. 
• M-6 The comments and their timestamp provide information about the evolution of 

the degree of difficulty to assess decision quality over time. 
• M-7 The comments provide information about the extent to which the guidelines are 

understood, accepted and applied. 
 

Note that MI-2 delivers only a part of the information required for M-1 to M-7. As 
displayed in Table 9-9 (par. 9.4), the other measurement instruments deliver additional 
information. 
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Summarised: 
Measurement instrument: The analysis spreadsheet 
Source of evidence: Participant Observations during the team meeting 
Case study database: Analysis spreadsheet 
When: The data collection phase starts after the moving phase 

for six months 

9.4.3 Measurement Instrument MI-3: The guideline Interviews 
We determine the extent to which the guidelines are understood, accepted, and 

applied by those involved for each guideline. As a measurement instrument, we opt for 
semi-structured interviews based on open questions to determine if and how the design 
proposition is applied. These open questions are targeted indirectly to the use of the 
design proposition. However, they leave enough room to provide perceived causal 
inferences and explanations. Open questions are also less prone to bias than closed 
questions. We prepared the interview questions with fellow researchers who were not 
involved in the design proposition’s implementation process to prevent participant bias.  

We risk not addressing some operational guidelines by asking open questions. As 
mitigation action, at the end of the interview, we ask if we can pose additional questions 
during one of the further stages.  

To overcome the issue of poor recall of the interviewees, we hold them at the final 
stage of the case study. The results of the analysis spreadsheet and the even logbook 
can be used to refresh memory if needed or if the answers contradict other sources of 
evidence. To some extent, this also overcomes the reflexivity issue that the interviewee 
gives what the interviewer wants to hear. If something is not in line with the artefacts 
logging or the participant observations, the interviewer can ask for the causality. The 
interviewer should be open and alert for rival explanations to ensure internal validity. 
The question is if the interviewer can recall this data on the spot. However, the 
interviewer can review the artefacts logging results and the observation logbook as a 
preparation.  

 
Scope of the guideline Interviews 

The opinions of all case study participants about the applicability and usage of the 
guidelines. 
 
The measurement process 

The interview duration per person is approx. 30 minutes. All interviews are on the 
same day under the same conditions, and the interviewees should avoid contact with 
one another about the interviews during that day. In advance, people are not informed 
of the questions asked to get as open-minded as possible.  
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The interview Questions (See Table 9-10 below) 

Table 9-10 Open interview questions to determine whether the operational guidelines have been understood, 

accepted and applied   

Intervention Background provided to 
the interviewee 

Question1 Sub-question 

Personal impact: 

To what extent the 

interventions have 

contributed to 

improved 

motivation. 

(Authorisation 

intervention I-1) 

You worked with a 

priority list and the 

freedom to handle it 

wisely. However, that 

freedom does come with 

some responsibility. If you 

deviate from the priority 

list, you need a good 

reason. 

Q-A What change 

did this method 

bring you 

personally?  

 

What did this adapted 

method bring you? 

Did it make your job easier? 

Does it work: 

To what extent 

local situational 

information is 

used in the 

decision-making 

process. 

(Reference 

intervention I-2) 

We have translated all 

those project plans with 

their tasks and deadlines 

into the list of tasks sorted 

by priority. You may 

choose your task yourself 

and deviate from the 

highest priority task, 

provided you have good 

reason to do so. 

Q-B Do you need 

particular 

knowledge to 

decide which task 

is best for you to 

do? 

Q-C How did your 

manager and team 

feel about your 

deviations from the 

list? 

Was that list correct/Does 

the list show what you 

thought was urgent at the 

time? 

 

However, you have 

regularly deviated from the 

list. Why? (Confront with 

longitudinal data if 

necessary) 

The learning 

effect: 

 

 

(Learning 

intervention I-3) 

Last year, we had several 

sessions with you and the 

team discussing how to 

handle the task list, 

discuss all kinds of 

reasons for deviations, and 

the steps to prevent 

unwanted deviations. 

Q-D During those 

sessions, what have 

you learned? 

Have any points that 

emerged from this 

discussion led to a different 

approach, improvement 

actions or other behaviour? 

Has the list got better over 

time? 

Can the plan be improved 

with everything learned so 

that deviation becomes an 

exception? 

Can you now better justify 

why you take on a particular 

task? 

 
 

 
1 At each question, we will ask for examples. 
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Contribution of measurement instrument MI-3 to the information requirements M-3 to 
M-7 

Although the questions are mainly targeted to M-7 to reveal to what extent the 
guidelines are understood, accepted and applied, they can also provide supporting 
information for M-3 to M-6. Note that this is not guaranteed, but as an additional source 
of evidence, it is worth analysing this data for other aspects rather than only M-7. 

Measurement instrument MI-3 contributes to M-3 to M-7 for the following reasons: 
• M-3: The interview questions, and Q-A and Q-D specifically, provide information 

about the difficulty to assess the quality of the allocation decision.  
• M-4: The interview questions, and Q-C and Q-B specifically, provide information 

about the degree of diversity of arguments. 
• M-5: The interview questions, and Q-D specifically, provide information about the 

number of justifiable and non-justifiable resource allocation arguments over time. 
• M-6 Supporting information about the evolution of the degree of difficulty to assess 

decision quality over time can be derived from question Q-D since one sub-question 
is specifically devoted to this subject. 

• M-7 Information about the extent to which the guidelines are understood, accepted 
and applied by those involved. This can be derived from all questions since they are 
targeted to reveal this information by asking questions about all three interventions.  

 
Summarised: 

Measurement instrument: Guideline usage interviews  
Sources of evidence: Semi-structured interviews using open questions  
Case study database: 
When: 

Audiotapes and transcriptions of the interviews 
After the data collection phase  

9.4.4 Measurement instrument MI-4: Event Logging 
We would like to capture events taking place in light of evaluating the design 

proposition throughout the entire case study. These events can be technical, related to 
interpersonal relations or motives, or related to completely unforeseen situations. As a 
source of evidence, we would like to capture these events by using participant 
observations. Participant observation is a commonly used source of evidence in design 
science research (Brandtner et al., 2015; Gibson & Arnott, 2007; O’Raghallaigh et al., 
2012; Tremblay et al., 2010). The strength of participant observation is that it provides 
in-depth insight into interpersonal behaviour and the innovation process (Reischauer, 
2015; Yin, 2009). O’Raghallaigh et al. (2012) state that the observations using a focus 
group should take place throughout the entire design process with the primary objective 
to evaluate ‘does the design proposition work’ and ‘why does it work’.  

According to Yin (2009; par. 9.7, Table 9-18), a common weakness of the case study 
approach is bias due to the possible impact of the research on events. However, during 
the case study, the researcher's role changes from a participant in the unfreezing and 
moving phases to an observer in the data collection phase. We realise that also observing 
itself is influencing the process. Therefore, we have added the independent usage phase. 
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We expect minimal observations in that phase since we are not in contact with the case 
study candidate.  

 
Scope 

All meetings during all phases of the case study. 
 
Measurement process 

Gibson and Arnott (2007) defined six guidelines for participant observation using 
focus groups in design science research. The table below shows how we applied them.  

Table 9-11 Guidelines for Focus Groups observations in Design Science Research 

Guidelines Applied in our research 

1: Maintain focus The unfreezing and moving phases focus on implementing and refining the 

guidelines during the data collection phase and how they are applied. 

2: Be selective with 

participants and group 

size 

The guideline advises 6 to 8 people. Strive for a group with a suitable 

diversity level to encourage discussion without resulting in conflicts 

amongst the participants.  

Our focus group consists of all six team members: the team leader, senior 

engineers with a long and short working relationship with the company, 

and junior engineers for the mechatronics department. The setting can 

change over time, depending on the case study phase. 

For the software department, our focus group consists only of the team 

leader. The 12 software engineers are not part of the focus group since we 

monitor the resource allocation process on project level instead of work 

floor level at this department.  

Additionally, we also observe the domain managers responsible for the 

planning and the manager of the entire innovation department where 

mechatronics and software are part of.  

Overall, we observe ten people. It is two more than it has been advised, but 

we expect that all these participants together are required to give the 

required insight into the resource allocation process.   

3: Be Selective with 

Facilitator 

The guideline advises using a facilitator familiar with the research area to 

guide the group instead of controlling. In our case, the researcher engaged 

with the case study candidate is the facilitator. This researcher also guided 

four of the five pre-case studies described in chapter 2.  

4: Be Prepared An implementation plan is used as reference in the unfreezing and moving 

phases. During the data collection phase, the facilitator prepares the 

meeting by analysing the deviations from the task list discussed at the 

team meeting. 

5: Allow flexibility The guideline subscribes to adapt to change and allow participants to take 

the discussion in proper directions. The facilitator guidance should allow 

for this. Pursue unanticipated questions or comments. 

6: Take a Pragmatic 

Approach to Analysis 

Encourage observers to take notes during the sessions. Capture specific 

quotes, non-verbal communication, atmosphere, the direction of the 

conversation. We choose not to make audio recordings of these events to 

create an environment of openness and trust. Only the interviews will be 

recorded.  

Source: guidelines by Gibson and Arnott (2007), the researcher defined the second column. 
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The participant observations are captured in an event logbook. To establish an 
environment of openness and trust, we decide not to do audio recordings of the events. 
Instead, notes contain the following items: date & time, participants, summary, 
particularities, quote, decision/actions. This approach will also attenuate this 
measurement instrument's reflexivity weakness. As stated in Table 9-18, the event may 
proceed differently because it is observed. The reflexivity is also expected to attenuate 
over time since the case study takes several years.  The events will happen bi-weekly 
during the moving and data collection phase to preserve the participants' fresh memory.  

 
Data captured 
Per event, we log: 
• date, time, and duration of the event, 
• participants, 
• summary, 
• particularities, 
• quotes, 
• decision/actions. 

 
Contribution of measurement instrument MI-4 to the information requirements M-3 to 
M-8 

Like the guideline interviews, the event logbook can contain supporting evidence for 
M3 to M8 since it generally covers the resource allocation process. 
 
Summarised: 

Measurement instrument Event logging 
Source of evidence: Participant observations within the focus group 
Case study database: 
When: 

Event logbook 
Throughout all the phases of the case study  

9.4.5 Measurement instrument MI-5: Starting agreement/Contract 
MDX approached the supplier of the PMIS as a regular commercial customer to 

improve their resource allocation process. After agreeing on the commercial terms, we 
discussed the willingness to serve as a case study candidate. The decision to implement 
the PMIS was for MDX a genuine business decision where they had to weigh the cost, 
risks, and benefits.  
 
Contribution of measurement instrument MI-5 to the information requirement M-8 

The contract itself is a statement “if it is worth the effort to implement and apply the 
design proposition”, supporting evidence for M-8. 
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Summarised: 
Measurement instrument: Starting agreement/Contract 
Source of evidence: Documentation 
Case study database: 
When: 

Copy of the contract 
End of the problem definition phase 

9.4.6 Measurement instrument MI-6: Exit interview 
By asking if the case study candidate chooses to continue and why after the end of 

the case study, we aim to collect qualitative evidence about the design proposition's 
contribution to improving the resource allocation process. In a complex dynamic 
environment like an MPE, it is hard to quantify a specific improvement action's 
contribution to the organisational output. However, suppose the participants conclude 
that they want to continue applying the guidelines and invest in the PMIS licencing. In 
that case, it is an indication that the design proposition's contribution is worth the effort. 
At least it is worth the effort to keep it running. Another question is if the case study 
candidate would sign the starting agreement again, considering all the required 
investments in energy and money and delivered results upfront. We will address both 
aspects of using MI-6. To avoid bias and collect as much relevant information as 
possible, we opt for semi-structured interviews based on open questions similar to the 
guideline interviews approach. 

 
Scope of the Exit Interviews 

All case study participants' opinions about the contribution of the design proposition 
to the resource allocation process in general. From a management point of view, we 
want to know if implementing the PMIS and the related processes were correct business 
decisions.  

 
The measurement process 

The questions are asked after the guideline interview in the same setting described 
at MI-3. It is convenient to do the exit interview directly after the guideline interview 
since the interviewees are already around the table from an organisational perspective. 
Another advantage is that we can directly confront the interviewee if the answers 
contradict statements made during the guideline interviews. 

 
The interview Questions 
Q-A Do you want to continue with the newly established way of working?  
Q-B In hindsight, was it worth the effort? (only the manager is asked) 

For each question, ask “why” and ask for examples of the aspects they want to 
continue to use and what they don't. The purpose is to get a rich insight into their 
thinking and decision-making process.  
 
Contribution of measurement instrument MI-6 to the information requirement M-8 

The questions are directly related to M-8; “if it is worth the effort to implement and 
apply the design proposition” and are, therefore, supporting evidence. 
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Summarised: 

Measurement instrument Exit interview 
Sources of evidence: Semi-structured Interviews using open questions  
Case study database: 
When: 

Audiotapes and transcriptions of the interviews 
After the data collection phase, right after the guideline 
interview   

9.4.7 Measurement instrument MI-7: Post-verification Interview 
The post-verification interview is conducted six months after the exit interview, MI-

6. During this period, the participants use the PMIS and the related processes without 
the researcher's involvement. The objective of this approach is to exclude informant 
bias from the measurement. The questions asked are the same as at the exit interview. 
Since the primary purpose for MI-7 is to verify if it is still worth the effort to continue, 
only the manager is interviewed. It is not the objective of MI-7 to gain deep insight into 
the resource allocation process, so there is no need to interview all the participants. 
 
Scope of the Interview 

The business decision of management to continue using PMIS and related processes.  
 
The measurement process 

Ask for the additional 15-minute interview with the manager and pose the interview 
questions. These questions are the same as those asked at the exit interview. If the 
answers contradict the replies from the exit interview, the manager has to explain why 
the vision has changed.  

 
The interview Questions 
Q-A Do you want to continue with the newly established way of working?  
Q-B In hindsight, was it worth the effort? 
 
Contribution of measurement instrument MI-7 to the information requirement M-8 

The questions asked are directly related to M-8; “if it is worth the effort to implement 
and apply the design proposition” and is, therefore, supporting evidence. 

 
Summarised: 

Measurement instrument Post-verification interview 
Sources of evidence: Semi-structured Interviews using open questions  
Case study database: 
When: 

Audiotapes and transcriptions of the interviews 
After six months of independent usage 
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9.5 Data analysis approach 

The data analysis approach describes the measurement instruments used and how the 
analysis of the captured data helps achieve the measurement goal. The researcher 
facilitating the case study candidate does the initial analysis. Afterwards, two fellow 
researchers independently review the results. We choose this approach since the 
facilitating researcher is close to the subject, knows the context and can set up the initial 
analysis in the best way possible. The two fellow researchers are relative outsiders and 
can objectively assess the process and the reasoning independently. The fellow 
researchers have full access to all research data. This process reduces participant bias 
and increases reliability.  

The method applied in this paragraph to define the data analysis approach for each 
GQM goal involves:  
• an overview of the information needs, and the measurement instruments used to fulfil 

them, 
• the approach to the ways of extracting the data from the measurement instruments, 
• concluding if the provided data is sufficient to answer the questions as stated in the 

GQM. 

9.5.1 Data analysis Goal-1: Defining to what extent local decision-makers 
deviate from the predefined work order outlined by the scheduling 
heuristics 

Table 9-12 gives the idea of the measurement instruments used to fulfil the 
information need M-1 to answer the question of “how many deviations from the 
scheduling heuristics take place” (Q-1) as defined at the GQM of Goal-1 (par. 9.3.1). 

Table 9-12 Data sources for GQM Goal-1 

Information needs Measurement instruments fulfilling the information need 

M-1 Assessment if a deviation from 

scheduling heuristics occurred at 

the moment of resource 

allocation. 

MI-1 The project management information system (PMIS) 

MI-2 Analysis spreadsheet based on the PMIS 

Source: Table 9-8 defines the information needs of Goal-1. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

The PMIS provides the data required for M-1 about the resource allocation decision. 
As described at MI-2, this data is imported into a spreadsheet and classified as: 

Class P:   Prioritized, the available task with the highest priority is executed. 
Class NP:  Non-Prioritized, the task other than the highest-priority available task 

is executed. 
 

To answer the question “how many deviations from the scheduling heuristics take 
place” (Q-1), we create a table with all classified P (prioritised), NP (non-prioritized) 
decisions and their total numbers displayed per month. This data is also displayed in a 
graph represented relatively in percentages. These data representations are sufficient to 
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answer Q-1 and meet measurement Goal-1 to define the extent to which local decision-
makers deviate from the predefined work order. These tables and graphs are generated 
automatically using spreadsheet pivot functionality. The final analysis is done by 
interpreting this data over time, which will be considered at Goal-4, where we discuss 
how to analyse the learning effect over time.  

9.5.2 Data analysis Goal-2: Determining to what extent the arguments for 
deviating from the scheduling heuristics are accepted as a justifiable 
deviation 

Table 9-13 gives an overview of the measurement instruments used to fulfil the 
information needs to answer the question Q-3: “is it the opinion of the resource group 
that the resource allocation decision was correct at the moment the decision was 
taken?”, as defined at the GQM of Goal-2 in paragraph 9.3.2 

Table 9-13 Data sources for GQM Goal-2 

Information needs Measurement instruments fulfilling the information need 

M-2 Statement whether the resource 

allocation argument is justifiable 

or not. 

MI-1  The project management information system (PMIS) 

MI-2  Analysis spreadsheet based on the PMIS 

M-3 The degree of difficulty to assess 

the quality of the allocation 

decision. 

MI-2 Analysis spreadsheet based on the PMIS 

MI-3 The guideline Interviews 

MI-4  Event Logging 

Source: Table 9-8 defines the information needs of Goal-2. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

Fulfilling M-2 information needs: define whether a resource allocation argument is 
justifiable or not. 

The information needs of M-2 are fulfilled by importing the data from the PMIS (MI-
1) in the analysis spreadsheet (MI-2). Combined with M-1, this results in the following 
classes: 

Class J-P:  Justifiable decision to follow the priority list. 
Class J-NP:  Justifiable decision to deviate from the priority list. 
Class NJ-NP:  Non-Justifiable decision to deviate from the priority list. 

 
The data of these three classes will be represented in a table and a graph. These data 

representations should be sufficient to meet measurement Goal-1&2. As mentioned in 
the design proposition, we expect to see a reasonable number of deviations. If the 
number of deviations is too low, we cannot speak about adjustments. If the number of 
deviations is too high, then the quality of the anchor can be too poor. Although we do 
not have exact boundaries, we expect that the majority of the tasks are executed 
according to the priority list and that deviations are in the minority. 

The final analysis is done by interpreting this data over time, deliberated at Goal-4. 
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Fulfilling M-3 information needs: define the difficulty to assess the quality of an 
allocation decision 

The analysis of the unanimity, the degree of acceptance and the time it takes to make 
a decision helps to understand the team's difficulties to assess the quality of an allocation 
decision. However, in practice, it was impossible to measure this quantitatively. 
However, the notes made during the meetings (in the event log MI-4) and the 
spreadsheet's comments field (MI-2) provide qualitative evidence. We use text analysis 
to examine the sources of evidence MI-2 and MI-4 and extract this information. The 
extracted comments and notes related to the assessment process are stored in a separate 
spreadsheet together with a timestamp of when it happened.  

The meetings' length also says something about the difficulty of assessing the quality 
of an allocation decision. The event log (MI-2) provides the length of the meetings. By 
interpreting this data over time, we analyse if a learning effect related to the assessment 
process is visible. This analysis is also additional evidence for Goal-4, specifically 
related to the leaning effect. 

In the guideline interview (MI-3), the interviewees are asked to generally reflect on 
their ability to deviate from the task list and their ability to assess the quality of their 
allocation decisions. We use text analysis to go over these transcriptions and collect the 
answers related to the assessment process.  

 
As the last step, we combine the analysis based on all three measurement instruments 

and draw conclusions. In theory, the outcomes should reinforce one another, which 
increases the validity of the findings. If the findings are contradictory, analysis is 
required to find explanations.  

The fulfilled information needs of the quantitative metric M-2 and the qualitative 
information requirement M-3 combined deliver an excellent insight to answer the 
question Q-3 and meet the GQM Goal-2 to define to what extent the arguments for 
deviating from the scheduling heuristics are accepted as a justifiable deviation. Using 
multiple sources of evidence and triangulating the data also increases the validity of the 
findings.  

9.5.3 Data analysis Goal-3: Defining if the arguments are so diverse that they 
are hard to manage or to embed in scheduling heuristics 

Table 9-14 gives an overview of the measurement instruments used to fulfil the 
information needs to answer the question Q-3: “Which type of arguments are given to 
deviate from the scheduling heuristics?”, as defined at the GQM of Goal-3 in paragraph 
9.3.3. The data analysis contains three steps: Step 1 collects the resource allocation 
arguments from various sources of evidence, step 2 classifies the resource allocation 
arguments, and step 3 analyses the diversity of the arguments and the management 
actions related to them. 
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Table 9-14 Data sources for GQM Goal-3 

Information needs Measurement instruments fulfilling the information need 

M-4 Degree of the diversity of 

arguments. 

MI-2 Analysis spreadsheet based on the PMIS 

MI-3 The guideline Interviews 

MI-4  Event Logging 

Source: Table 9-8 defines the information needs of Goal-3. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

Step 1: Collecting the resource allocation arguments 
The first step is to collect all the resource allocation arguments. The “comments” 

field of the analysis spreadsheet MI-2 contains the majority of the arguments. However, 
the analysis spreadsheet was not developed yet at the start of the case study. The 
arguments were captured in the event log (MI-4) at the start. To gather the arguments 
from the event log using text analysis, we went over all the events until MI-2 was in 
place. From then on, all arguments were captured in the analysis spreadsheet.  

The second type of data we are looking for is management actions taken based on 
the task list priorities' deviations. These management actions are expected to decrease 
non-justifiable behaviour and prioritise list deviations. This information will help to 
assess if a learning effect is visible. We go over all the events logged using text analysis 
for this investigation. We log the action, the time stamp, and why the action is taken per 
management action.  

We expect to find limited additional arguments and management actions in the 
transcriptions of the guideline interviews (MI-3). Nevertheless, this information can be 
used to triangulate MI-2 and MI-4. If similar items are found, it increases the validity 
of the observation process. If additional or even contradictive items are found in MI-3, 
it can point to omissions in the observation process, requiring further investigation. The 
interview analysis will be done using text analysis by extracting arguments and 
management actions from the interviews' transcriptions.  

 
Step 2: Classification of arguments 

The next step is to classify the captured arguments. Classification is done by 
grouping similar arguments based on text analysis. When doing the classification, we 
want to preserve the diversity; classifying the arguments at a too high abstract level 
undermines it. The researcher facilitating the case study does the initial classification. 
Two other researchers involved review the classification independently, and the results 
are discussed together and adjusted when required. All researchers have full access to 
all data leading to this classification.  

There is probably no need to classify the management actions since we expect a 
much lower volume than the deviation arguments. 
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Step 3: Analyses of the classified arguments 
The analyses of the classified arguments consist of two parts. Part-one analyses are 

the non-justifiable (NJ) reasons. Part-two analyses are the justifiable (J) reasons. We 
analyse the diversity of arguments for both parts by counting the number of classes per 
NJ and J part and the number of cases per class. 

The subsequent analysis step defines the impact of the management actions and their 
relations to the arguments. If the management action is successful, we expect to see 
fewer of these types of arguments from that moment in time. If the arguments are indeed 
so diverse that they are hard to manage, we expect to see no related management actions 
at all for the majority of arguments.  

It can be that the same argument belongs to both classes, NJ and J. For those classes 
of arguments, we analyse why this happened. A reason can be that the assessment of 
that class of arguments changed over time because of the learning. E.g., what was 
accepted as a justifiable reason in the past became a non-justifiable reason over time.   

 
Applying these three steps answers question Q-3 about the type of arguments given 

to deviate from the scheduling heuristics and meet measurement Goal-3 to define if the 
arguments are so diverse that they are hard to manage or embed in scheduling heuristics. 

9.5.4 Data analysis Goal-4: Examining if a learning effect is visible 
Table 9-15 gives the overview of the measurement instruments used to fulfil the 

information needs to define if a learning effect is visible as defined at the GQM of Goal-
4 in paragraph 9.3.4.  

Table 9-15 Data sources for GQM Goal-4 

Information needs Measurement instruments fulfilling the information need 

M-5 The number of justifiable and 

non-justifiable resource 

allocation arguments over time. 

MI-2 Analysis spreadsheet based on the PMIS 

 

M-6 The evolution of the degree of 

difficulty to assess decision 

quality over time. 

 

MI-2 Analysis spreadsheet based on the PMIS 

MI-3 The guideline Interviews 

MI-4  Event Logging 

Source: Table 9-8 defines the information needs of Goal-4. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

Fulfilling information needs of M-5: the number of justifiable and non-justifiable 
allocation arguments over time. 

The majority of the information needs of M-5 are fulfilled by Goal-1 and 2. The 
difference with Goal-4 is the time aspect. To answer question Q-4, we analyse “if the 
acceptance of resource allocation decision increases over time”. If a learning effect is 
visible, then we expect to see that the contribution of: 
• Class J-P (Justifiable decision to follow the priority list) increases over time and is 

evidence of improved planning quality.  
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• Class J-NP (Justifiable decision to deviate from the priority list) will remain much 
the same and is evidence that the arguments' diversity will not decrease over time 
caused by the dynamic nature of an MPE. 

• Class NJ-NP (Non-Justifiable decision to deviate from the priority list) decreases 
over time and will finally be an exception and evidence of improved decision-
making. 

 
 The data for this analysis is present in the analysis spreadsheet. MI-2 provides a 

pivot table displaying the evolution of various cases over time and absolute figures in a 
table or as relative figures in a graph.  

 
Fulfilling information needs of M-6: The evolution of the degree of difficulty to assess 
decision quality over time. 

The majority of the information needs of M-6 are fulfilled by Goal-2. Also, the 
difference with Goal-2 is the time aspect. To answer question Q-5, we analyse “Does 
the degree of difficulty to assess decision decrease over time?”. If a learning effect is 
visible, then we expect to see that: 
• The meetings about resource allocation decisions evaluations get shorter over time.  
• Fewer debates about resource allocation decisions. 

 
This information is collected at Goal-2, using the same measurement instruments, 

and can be applied to analyse the learning effect.  
It is also expected that there is a relation between the quantitative analysis of M-5 

and the qualitative analysis of M-6. The number of non-justifiable cases is expected to 
decrease when the participants learn. Another reason for the classes' changes can be 
related to the management actions. During the data analysis, the management actions 
determined at Goal-3 are essential to consider.  

9.5.5 Data analysis Goal-5:  Determining whether the operational guidelines are 
understood, accepted, and actually applied by those involved 

Table 9-16 gives an overview of the measurement instruments used to fulfil the 
information needs to define the usage of the operational guidelines as defined at the 
GQM of Goal-4 in paragraph 9.3.5. The analysis of Goal-5 consists of three steps. Step 
1 classifies the operational guideline interview statements per guideline. This step is 
required since the semi-structured interviews are based on open questions without direct 
relation to the guidelines. Step 2 uses text analysis to determine whether each guideline 
has been understood, accepted and applied by the interviewees. Step 3 applies 
triangulation to increase validity. As additional evidence, the event logbook and the 
analysis spreadsheet are used to analyse Goal-5. 



162      Chapter 9 

Table 9-16 Data sources for GQM Goal-5 

Information needs Measurement instruments fulfilling the information need 

M-7 The extent to which the 

guidelines are understood, 

accepted and applied by those 

involved. 

MI-2 Analysis spreadsheet based on the PMIS 

MI-3 The guideline Interviews 

MI-4  Event Logging 

Source: Table 9-8 defines the information needs of Goal-5. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

Step 1: Classification methodology of the interview statements per guideline 
The purpose of classifying the interview statements per guideline is to provide an 

overview of the statements related to a specific guideline. This step only serves as input 
for the guideline analysis. To this end, all interviews are written verbatim and placed in 
a table per statement. For privacy reasons, all statements are provided with an 
anonymous interviewee ID. Text analysis determines to which guidelines the interview 
statement relates. This step produces a table with the following headings: 
• ID interviewee and statement (i.e., Eng2-13, Eng5-8), 
• question (open question), 
• sub-question, 
• interviewee pronunciation (literal quotes from transcription), 
• guideline classification (e.g., G-2, G-7, G-8, chap. 6). 

 
The guidelines are so distinctive that classification is relatively easy in practice. If 

there are any doubts between the two guidelines, both labels are added. The aim is to 
provide a complete picture as possible for the guideline analysis in step 2.  
 
Step 2: Operational guideline analysis method based on interview statements  

The output of step 1, ordered per interview statement per guideline, is used as input 
for step 2. The analysis is done by text analysis. In the interview statements, we look 
for substantive arguments that affirm that the guideline is understood, accepted and 
applied. To prevent a positive bias, specific searches were done for statements that 
invalidate the guideline. These disproving statements were then analysed together with 
other statements by the interviewee to arrive at an opinion concerning the analysed 
guideline. 

 
Step 3: Data Triangulation. 

Besides the interviews, there are additional sources of evidence to validate the 
analysis done during step 2; the event log and the analysis spreadsheet. The event log 
covers the entire case study duration, including the unfreezing and moving phases, 
where the guidelines are implemented. The analysis spreadsheet contains two parts: a 
quantitative part described by goals 1, 2 and 4, and a qualitative part described by Goal-
3.  

As analysed at Goal-1, 2, and 4, the quantitative data shows if people deviate from 
the priority list, triangulating guideline G-9. It also shows to what extent the arguments 
are accepted to the scheduling heuristics, which triangulates guideline G-10. 



Data Gathering and Analysis Preparation    163 

To analyse the arguments collected during six months of PMIS data logging, the 
output of the classification of the resource allocation decision arguments of Goal-3 is 
used. A similar approach is applied to analyse these arguments and the event log 
described in step 1 and 2. First, text analysis is used to classify which guideline an event 
or argument is related to. The result of this classification per guideline is used to 
triangulate the analysis of step 2.  

 
This analysis should be sufficient to meet measurement Goal-5 since the first two 

steps determine if the operational guidelines have been understood, accepted, and 
applied by those involved. Step 3 triangulates the analysis of step 2 based on 
longitudinal data. This validation is both quantitative and qualitative. 

9.5.6 Data analysis Goal-6: Specifying the additional value for the case study 
candidate in applying the design proposition 

Table 9-17 gives an idea of the measurement instruments used to fulfil the 
information need M-1 to answer if “it is worth the effort to implement and apply the 
design proposition” (Q-9) as defined at the GQM of Goal-1 in paragraph 9.3.6. The data 
analysis consists of two parts; a quantitative analysis to check whether they want to 
continue or not and a qualitative analysis to collect the added values. 

Table 9-17 Data sources for GQM Goal-6 

Information needs Measurement instruments fulfilling the information need 

M-8  Statement if it is worth the effort 

to implement and apply the 

design proposition. 

 

MI-3 Guideline interview 

MI-4  Event Logging 

MI-5 Starting agreement/Contract 

MI-6  Exit interview 

MI-7  Post verification Interview 

Source: Table 9-8 defines the information needs of Goal-6. Table 9-9 defines the measurement instruments 

to fulfil these information needs.  

Quantitative statement if the added value is sufficient to invest  
Implementing and using the PMIS is a business decision for the case study candidate. 

As discussed in the measurement instruments, the case study candidate's perceived 
added value is measured by their willingness to invest in implementing and using the 
PMIS. This statement is measured in the following time frames (see Figure 9-3): 
• At T0, the start of the implementation of the PMIS:  

- The signed contract (MI-5) is proof that the pretended added value is sufficient 
to invest. 

• At T1, the exit interview at the end of the case study (MI-6):  
- The participants’ unanimity in the desire to continue with the newly established 

way of working. 
- Statement of the manager if the company wants to continue to invest in the usage 

of the PMIS. 
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- Statement of the manager if in hindsight it was worth the effort to invest in the 
usage of the PMIS. 

• At T2, Post-verification interview after six months of independent usage (MI-7): 
- It is the same as at T1, but now it is the manager who is asked. 

 
Qualitative statement if the added value is sufficient to invest  

In the exit interview, all participants are asked why they want or do not want to 
continue with the newly established way of working. The manager also asks this 
question in the post-verification interview six months after the case study. We go over 
these interview transcriptions by applying text analysis and creating an overview of 
these reasons.  

As the third source of evidence, the guideline interview transcriptions are used. 
Caused by the open questions' nature, we expect to find additional added values 
mentioned by the interviews. They will be collected by using text analysis. 

As the fourth source of evidence, the event log is used. It contains the participants’ 
observations covering a broad scope of data over multiple years. Therefore, we expect 
to find evidence about the additional value of applying the design proposition. We go 
over the events and extract evidence of additional value by applying text analysis. As 
validation, we check if these findings match the statements made during the interviews. 

 
In the analysis, we use five sources of evidence to determine the additional value of 

applying the design proposition for the case study candidate. These sources are both 
quantitative and qualitative, which gives a reliable view. The validity of the analysis 
will also increase if all evidence points are in the same direction. 

9.6 Reaching conclusions 

The GQM’s objective is to prove that applying the design proposition leads to 
improved resource allocation decisions. Given the interwovenness of the interventions, 
it is complicated, perhaps impossible, to determine the individual contribution of each 
intervention and guideline to the intended output. Nevertheless, as concluded in 
paragraph 9.2, the goals together are sufficient to evaluate if the application of the 
design proposition led to improved resource allocation decisions. If all six GQM goals 
point in the same direction, there is sufficient reason to assume that the outcome of the 
analysis is valid. 

As the first step, the overall data analysis gives an overview of the outcomes of all 
six GQM goals and a statement if and how they support the intended outcome of the 
design proposition. As the second step, triangulation is used. To triangulate, we will 
answer the following questions in the overall analysis: 
• Match the findings in the event log to the PMIS data and interviews. 
• Do the measurements match the perception of the people? 
• Did the management action lead to less non-justifiable resource allocation decisions?  
• Does the outcome of the guideline interviews match the key-question if the 

participants want to continue? 
• Are the results consistent even if the researcher has not been involved for six months? 
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9.7 Reliability and validity of the data analysis 

This paragraph evaluates the reliability and validity of the designed data analysis 
approach. The objective is to provide an evidence-based strategy to ensure rigour to the 
case study. This strategy applies the positivist tradition that embraces four commonly 
used criteria to assess the rigour of field research; internal validity, construct validity, 
external validity, and reliability (Gibbert et al., 2008). This paragraph describes how to 
ensure these criteria by applying the data gathering, and analysis approach, except for 
external validity. External validity is not about the data analysis but about defining the 
domain to which the study findings can be generalised (Yin, 2009 p.40). 
 

Our measurements are based on various sources of evidence. Each type has its 
strengths and weaknesses. Yin (2009 p.101) described six commonly used sources of 
evidence, as displayed in Table 9-18. The last column of the table shows the 
measurement instrument types used to define each source of evidence. This overview 
gives insight into the strengths and weaknesses of the data gathering approach applied 
in our data analysis, suggesting actions to overcome these weaknesses. 

One of the weaknesses, in general, is the researcher's bias, especially in design 
science research, where the researcher is typically the participant implementing the 
design proposition. To overcome the weaknesses, Yin strongly suggests using multiple 
sources of evidence. Their application is vital to ensure construct-validity using 
triangulation and employed throughout our data analysis approach.  

An advantage of having a researcher as a participant in a lengthy case study like this 
is that the researcher is an excellent means to establish the atmosphere of trust and 
openness with the case study candidate resulting in a deep insight into the processes of 
researching.  
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Table 9-18 Strengths and Weaknesses of Sources of Evidence  

Source of 
evidence 

Strengths Weaknesses Measurement instru-
ment used in our 
case study 

Documen-
tation 
 
 

Stable, unobtrusive – not cre-

ated as a result of the case 

study, exact, broad coverage – 

long time span with many 

events 

Retrievability – can be difficult 

to find, biased selectively, report-

ing bias – reflects bias of the au-

thor, access – maybe deliberately 

withheld 

MI-5-Signed Con-

tracts about PMIS im-

plementation  

Archival 
records 

[same as above] +  

precise and usually quantita-

tive 

[same as above] + accessibility 

due to privacy reasons 

MI-1 The project 

management infor-

mation system 

(PMIS) 

Interviews Targeted-focused directly on 

case study topics, insightful – 

provide perceived causal infer-

ences and explanations 

Bias due to poorly articulated 

questions, response bias, inaccu-

racies due to poor recall,  

reflexivity – interviewee gives 

what interviewer wants to hear  

MI-3 Guideline inter-

views, 

MI-6 Exit interview 

case study with all 

participants, 

MI-7 Post-verification 

interview with man-

agement 

Direct  
observations 

Reality – covers events in real-

time,  

contextual – covers context of 

“case” 

Time-consuming and related 

costs, narrow selectivity,  

reflexivity – event may proceed 

differently because it is being ob-

served  

Not applicable 

Participant 
observations 

[same as above] + insightful 

into interpersonal behaviour 

and motives 

[same as above] +  

bias due to participant observer’s 

manipulation of events 

MI-2 Analysis spread-

sheet based on the 

PMIS, 

MI-4 Event Logging 

Physical  
artefacts 

Insightful into cultural fea-

tures,  

insightful into technical opera-

tions 

Selectivity of artefacts,  

availability of artefacts 

Not applicable 

Source: the first three columns are by Yin 2009 p.102, the last column is defined in this chapter 

This paragraph describes how to ensure construct validity, reliability, and internal 
validity in this research. We start with construct validity. 

9.7.1 Construct validity of the data analysis approach 
“The construct validity of a procedure refers to the extent to which a study 

investigates what it claims to investigate” (Gibbert & Ruigrok, 2010). From the 
beginning, clear measurement objectives are required, and a set of actions were defined 
to reach this goal. To ensure construct-validity, Gibbert and Ruigrok (2010) advised 
considering two strategies: 1) build a clear chain of evidence. 2) triangulate the data.  

The first strategy, ensuring a clear chain of evidence, is covered by applying the Goal 
Quality Metrics (GQM) approach. As described in the introduction of this chapter, this 
approach is designed to answer questions in a structured way so that it “investigates 
what it claims to investigate”. 

The second strategy to ensure construct validity is triangulation. With triangulation, 
one looks at the same phenomenon from different angles using various sources of 
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evidence (Gibbert & Ruigrok, 2010; Yin, 2009).  When all evidence points are in the 
same direction, we have reasons to assume that the phenomenon measured also 
happened in reality.  

Triangulation by applying the combination of qualitative interviews, analysing 
deviations measured by the PMIS, and participant observations to understand 
organisational sensemaking of knowledge-based observation is successfully applied in 
earlier studies (Reischauer, 2015). Since we use the same type of source of evidence in 
a compatible context, we have reason to assume that our proposed triangulation will 
contribute to construct-validity. 

Triangulation is also a means to reduce bias, which is a severe weakness of the data 
capturing process. As listed by Yin in Table 9-18, these measurement biases can be 
caused by selectivity bias, reporting bias, bias due to poor articulated interview 
questions or observer’s bias. The weaknesses addressed by Yin are taken into account 
in the design measurement approaches in paragraph 9.4. Besides that, in the data 
analysis approach, we described how fellow researchers review the data to limit the 
researcher’s bias. In the data analysis, we also apply triangulation.  

Since the observant is a participant driving the change required to implement the 
design proposition, there is a significant observer's impact. We apply the guidelines for 
focus group observations in design science research of Gibson and Arnott (2007) to 
limit bias (see Table 9-11, par. 9.4.4). The risk of bias decreases over time since the 
researcher's role changes from a participant in the unfreezing and moving phases to an 
observer in the data collection phase. The independent usage phase is added to exclude 
any form of informant bias.  

9.7.2 The research approach to ensure internal validity 
Internal validity, or “logic validity”, refers to the causal relationships between 

variables and results (Gibbert and Ruigrok, 2010). Although internal validity applies to 
the data analysis phase, the strategy should be defined up front to collect the correct 
data ensuring internal validity. There are four general strategies to accomplish this (Yin, 
2009, p.130-136): 
1. Relying on theoretical propositions; in our case, the design proposition (chap. 6). 
2. Developing a case description; Chapter 7 describes the case study set-up based on 

the design proposition. 
3. Using both qualitative and quantitative data, which is incorporated in the GQM 

metrics of par. 9.3.  
4. Examining rival explanations, which is part of the interview analysis. 
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9.7.3 The research approach to ensure reliability 
“Reliability” refers to demonstrating that the study's operations can be repeated with 

the same results. The goal is to minimise error and biases (Yin 2009, p.45).  The 
observations should be as concrete as possible, with a minimum impact of the observant 
to limit informant bias. Silverman (2013 p.299) calls this “low-interference 
descriptors”. This can be achieved by including verbatim accounts and, where allowed, 
using audiotape recordings and transcriptions. Reliability is achieved by being as 
transparent, complete, and concrete as possible. Establishing a case study database and 
designing the case study protocol are “major” means to establish reliability (Yin 2009 
p.79). 
 
In conclusion, we apply the following measures to ensure reliability: 
1. A case study database is built to capture all used sources of evidence to ensure 

transparency. 
2. All data stored in the databases and the analysis based on them are reviewed by 

fellow researchers and open for other researchers on request. 
3. Interviews are recorded and transcribed to be as complete and concrete as possible. 
4. Interview questions are open to get a rich “low-interference” description of reality. 
5. Triangulation is used to get reliable data with limited bias.  
6. An independent usage phase is added to exclude informant bias. 

9.8 Research integrity and ethics 

This research complies with the code of conduct as defined by the VSNU (2018). 
The research is designed to ensure integrity by focusing on reliability and validity 
throughout the entire process. In addition, we would like to address the principle of 
independence regarding the researcher. The researcher is the co-owner of Epicflow, the 
project management information system applied at MDX. To separate these two roles 
of the researcher and supplier, there was deliberately no question of an investigation in 
the first discussions with MDX. Their problem has been approached as a business 
management problem with a cost-benefit consideration to improve it. A commercial 
offer has been made to implement Epicflow to facilitate this process. The commercial 
interest of the researcher is limited since this MDX is regarded as a small customer for 
Epicflow.  

At the start, the researcher did not yet know whether MDX would be a suitable case 
study candidate. During the process, when the research team agreed that MDX complied 
with the context guidelines (see chapter 8), a research proposal was made to MDX. No 
additional costs were charged for the research, reporting and additional software 
development to measure and analyse the research results. In return, MDX made their 
cooperation and data available, also laid down in a contract. 

A clear separation was made between the research and implementation during the 
process. The PMIS was implemented from April 2018 to April 2019 and included the 
entire multi-project organisation. The research focused exclusively on the research 
question: the effect of local knowledge on the resource allocation process. These 
measurements started in May 2019 and ran until July 2020. 
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The advantage of this approach is that the implementation process has received the 
necessary top management attention and support to improve their resource allocation 
process. MDX approached the implementation and the usage of the PMIS as a genuine 
business management problem with actual costs and benefits and not as a “free” study.  
 

Research integrity also implies that ethical rules must be honoured. To respect 
everyone's privacy, we anonymise all, and everyone involved has been repeatedly 
informed of the use of the data for scientific purposes. The measurement results are not 
shown per person for ethical reasons, only over the entire team. This privacy is also kept 
within MDX, where only data at team level is shared. Outside MDX, the data is only 
shared with fellow researchers involved in the case study. The data is only available for 
external researchers who can ensure that the code of conduct is applied as defined by 
the VSNU (2018). 

During the sessions, those involved were also repeatedly informed that their 
statements were recorded in writing and were asked if they objected. There was no 
objection to that. Audio recordings were made during the closing Interview. All 
interviewees were individually asked if the conversations should be recorded and 
whether the results could be used anonymously before these interviews. This was asked 
again afterwards. All participants agreed to this. Given the team's small size, the 
interviewees were explicitly warned that their statements to the outside world are 
anonymous, but within MDX, they can be traced back to the person. None of the 
interviewees indicated that they had any problems with this. 

The European GDPR rules also govern the privacy of data. These GDPR rules are 
applied, agreed upon, and signed by the case study candidate and the researcher.  

 





 

10 Implementation Plan of Action at Case 
Study Candidate 

10.1 Introduction 

This chapter describes the implementation of the plan of action as defined in chapter 
8 at the case study candidate MDX. As depicted in Figure 10-1, it is the first step of the 
case study execution and contributes to objective OBJ-4.B to validate an approach 
leading to satisficing resource allocation decisions. 

 

Figure 10-1 Thesis structure 

This chapter limits the description to those items which were less straightforward to 
implement. We refer to the event logbook for a description of the logged details 
throughout the implementation.1 The implementation, hence, the moving phase, ends 
when the intended processes, guidelines, and systems are in place as described in the 
plan of action. From this point on, we expect that no interventions by the researcher are 
required, and we expect to collect data to evaluate our design proposition.  

Compared to the original plan defined in chapter 7 (par. 7.1, Fig. 7-2), the entire case 
study execution took four years instead of two. Figure 10-2 depicts the actual timeline 
of the execution. One of these two years was added to the independent usage phase. It 

 
1
 The event log is available on request by the author. The logbook is written partly in Dutch, partly in 

English.  
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ran in parallel with writing this thesis. This extension enabled tracking for a longer 
period if the design proposition was still applied as intended by our case study candidate 
MDX. 

The unfreezing and moving phases also took about a year longer than planned for 
various reasons. In the unfreezing phase, it took more time than planned to agree with 
all stakeholders involved about the direction of the solution. During the unfreezing 
phase, the stakeholders realised that resource allocation changes would affect their 
organisation’s core, so it was adventurous. We planned some extra sessions with the 
stakeholders to agree on our plans. Once all stakeholders reached a consensus, we had 
to wait for budget approval till the next fiscal year.  

During the moving phase, we had a surprise: a company-wide reorganisation 
significantly impacted our schedule. Several managers, team-leads and planners were 
replaced, which took time to settle. This demanded additional training effort. Besides, 
extra training effort and attention were also required to increase the PM maturity to an 
acceptable level. The maturity level was lower than expected in practice based on our 
initial analysis.  

Figure 10-2: Actual timeline of MDX case study execution. Grey parts are covered by this chapter 

(source: par. 7.1, Figure 7-2)
1
 

In the original plan all steps were arranged sequentially. But in reality, they 
overlapped, as depicted in Figure 10-2. This chapter divides the description of the plan 
of action execution into two parts. One part covers implementing the resource allocation 
process and the PMIS to meet MDX’s business objectives and the context guidelines’ 
non-compliances (par. 8.2). Another part covers the introduction of the design 
proposition’s operational guidelines.  

The implementation includes MDX’s entire innovation department, the software, 
and the mechatronics department. Paragraph 10.2 describes the execution of the 
resource allocation process and the PMIS for both subdepartments. Paragraph 10.3 deals 
with implementing the design proposition at the mechatronics department. As for its 
implementation at the software department, we described it in a separate paragraph, 
10.4, since it was in multiple aspects different than intended in the plan of action as 
presented in chapter 8.  

 
1
 The case study ends with the conclusions about the design validation (par. 11.6) and a reflection and 

recommendation (chap 12).  This part is not depicted in this figure. 
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Finally, paragraph 10.5 concludes if the intended processes, guidelines, and systems 
are introduced according to the plan. In case of successful implementation, the data 
collection can start. 

10.2 Implementation of MDX’s business objectives 

The resource allocation process and PMIS plan of action, as designed in chapter 8, 
aim to meet MDX’s business objectives. We executed all steps described in the plan of 
action, although we faced the following four issues that were more difficult to 
implement: 
• expertise in building project templates, 
• project structure detail, 
• balance supply and demand,  
• working according to the new processes. 

This paragraph discusses only these issues. The other implementation steps were 
executed as planned. The details were recorded in the event logbook1. This paragraph 
ends with a conclusion on whether the plan of action has been implemented as intended.  

10.2.1 Expertise in building project templates  
At MDX, the domain managers built the overall plans using MS-project©. To feed 

the overall planning, mechatronics delivered the project status in a spreadsheet, and the 
software department generated a report based on Jira©, an agile management system. 
Updating the overall planning was a time-consuming process, which could be 
accomplished once per month at best2. We planned to increase their project management 
maturity by applying project templates based on MDX’s newly defined 7-stage 
development process (par. 8.2).  

To increase the PM maturity, we intended to carry out basic training to teach the 
domain managers how to use MS-project© combined with the PMIS (Appendix A.1, 
phase 2&3) to build the overall plan, including the mechatronics part. However, during 
the moving phase, the domain managers left the innovation department because of 
reorganisation. Suddenly, the senior mechatronics engineers became responsible for 
building the project plans themselves. However, they had no experience in building 
project plans in MS-project©. The change in the plan took more time than it was 
expected. Training the engineers and freeing up time in their schedules for this 
additional task took several months instead of weeks. The good thing was that the 
mechatronics engineers were very motivated and devoted to accomplishing this task. 
We taught the engineers to build project templates based on their 7-stage development 
process. 

Embedding the 7-stage development process into a template for the software 
department was another challenge. The software department uses an agile (-like) 
approach to manage their projects, while mechatronics employs a waterfall approach. 

 
1
 The event log is available on request by the author. The logbook is written partly in Dutch, partly in English.  

2
 The lack of having “no-real time overview of ongoing projects” is issue 16 (Table 7-1) of  MDX’s problem 

analysis.  
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We call it agile-like since the software department is tied to the same deadlines as the 
mechatronics department set by management to deliver a particular scope. This 
connection is not surprising since both departments depend on each other to provide a 
hardware platform with running software. Another point not matching the agile 
approach is that MDX does not opt to deliver a minimum viable product and new 
features incrementally to the market. Unlike agile, there is only limited flexibility to 
adapt the scope. 

After multiple attempts over several months, we failed to build a template that 
matches the 7-stage development process for the software department. Together with 
the management, we agreed that this was an organisational issue that MDX had to solve 
internally and that it was not within the scope and influence of the researcher to change. 
As a compromise, we agreed with the software department to estimate the epics for the 
entire project instead of only for the next sprint(s). 

10.2.2 Project structure details 
Projects were defined and uploaded using the templates (Appendix A.1, phase 3). 

Some engineers at the mechatronics department had severe resistance to work according 
to the proposed template because it was too detailed and the order too strict. The 
engineers had the feeling that they lost control over their own time. Meanwhile, they 
used only a spreadsheet with 4-7 tasks per project to book their hours. Now the planning 
consisted of around 70-100 tasks. After discussing the views of both parties, the 
engineers reduced the number of tasks to about 50. Management agreed with the 
changes applied to the template. They stated that the new project structure gave them a 
significantly better insight into the development processes’ stages than they had ever 
had before. 

The language used by the software department and the way of defining the projects 
were unclear to management. The software department defined what management 
called a project as a set of changes to modules. This work was scattered all over the 
PMIS, and management could not understand the project status. We came to a naming 
convention and an agreement on how to visualise the projects in the PMIS. Management 
and the head of the software department were satisfied with the result. The PMIS 
provided a clear insight on project level.  

With all the delays of the reorganisation, training new planners, and agreeing on how 
to plan the projects, it took about seven months to reach the end state, instead of two 
months as planned. Finally, all projects from the innovation department were uploaded 
to the PMIS in a uniform way. The PMIS provided the “big picture” of all projects, 
including their resource load. By applying the templates, the PMIS also provided 
feasibility of the delivery dates of the mechatronics projects. For the software projects, 
this insight was missing since there was no structure defined within the projects.  

10.2.3 Balance between supply and demand 
After defining the projects, the next step in the plan of action is balancing supply and 

demand (Appendix A.1, phase 4). After uploading the projects with the deadlines set by 
management, it appeared that the engineers were heavily overloaded. In such a context, 
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where the utilisation rate is much too high, scheduling heuristics cannot be used as an 
anchor (par. 5.4, Epley & Gilovich, 2006).  

Figure 10-3 and Figure 10-4 show a load graph after the initial upload of the projects 
for the mechatronics and the software departments.  

Figure 10-3 Initial unbalanced load graph of the mechatronics department (source PMIS, Dec’ 2018)  

 

Figure 10-4 Initial unbalanced load graph of the software department (source PMIS, Dec’ 2018) 

An important reason for this overload was too many projects with too much work 
running in parallel, far more than the software and mechatronics departments could 
handle. Especially the software engineers had the feeling that they “don’t get anything 
done”1, and the management team said that they had the feeling that nothing came out 
of the innovation department. When new opportunities arose, the management tended 
to add more projects to the portfolio, which worsened the problem. According to the 

 
1
 Literally translated Dutch saying “er komt niets uit mijn handen”, meaning I can’t get anything done 
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engineers, lack of insight into the resource load and adding more projects to the portfolio 
in the light of the lack of capacity were the perceived cause of the resource overload. 
But now, as a result of completing phase 3 (Appendix A.1), the organisation gained this 
insight. Based on earlier experiences as described in the pre-cases of chapter 2, it was 
foreseen in the plan of action to address resource overload. In this case, the overload 
with a factor of 2 to 3 was massive.  

The researcher addressed his concern to the CEO that many projects ran in parallel 
and asked to prioritise the projects and for permission to reschedule them accordingly. 
When opening the priority list from the sales department, it became evident why the 
researcher’s request was urgent. The CEO responded: “All 23 projects have priority 
one. It’s clear that you want to see number 1 to 23 here” (Event log, Oct’2018). One 
week later, the team received a prioritised list from management. With this clear 
directive from management, the team knew how to plan their projects over time. As a 
result, the overload was reduced to manageable sizes.  

 
At the software department, the management priorities drastically impacted the 

number of parallel projects. Each of the two scrum teams executed only one project at 
a time instead of five, and additional time was reserved for maintenance issues. Figure 
10-5 shows the result of the replanning. The blue bars denote the project schedule, and 
the yellow line below shows the load graph of the software department. It is visible that 
the projects are “staggered” over time and that supply and demand are balanced.  

The ambience changed, and after a few months, the engineers expressed that they 
had the feeling back that they “accomplished things”. Management was also pleased 
that the projects were completed. Combined with the clear project-level overview, 
management felt that the implementation helped them move in the right direction. 



Implementation Plan of Action at Case Study Candidate    177 

 

Figure 10-5 Updated balanced load graph and project schedule in PMIS of the software department.  

(source PMIS, May 2019) 

Supply and demand were also balanced at the mechatronics department. The number 
of projects in progress reduced from about 20 to 11. Although it decreased significantly, 
many parallel projects had to be executed with a team of 6 people. This higher number 
of parallel projects is inherent to the mechatronics process because of the long lead 
times caused by external parties, duration tests, field tests, and formal approvals. The 
mechatronics engineers defined feasible milestones in consultation with the 
management team to prevent resource overload.  

 
Balancing supply and demand at the innovation department remained an issue till the 

end of the moving phase. It took the organisation about six months to master this 
process. At the end of the moving phase, the organisation reached a state where a 
reasonable balance was established. Procedures were in place to maintain this balance, 
as intended by the plan of action.   

10.2.4 Working according to the new processes 
After reaching the point that projects were scheduled so that resource demand and 

supply were balanced, the innovation department started to work according to the 
resource allocation processes (Appendix A.1, phase 4). During the first months, the 
process went as planned. The initial measurements showed positive signs that all teams 
were focused on delivering the project as requested by the management team.   



178      Chapter 10 

The software department’s team leader stated after a few months: “I feel that the vibe 
is better now” and repeated his earlier statement that “We are finishing things” (see 
event log, May 9th, 2019). The software department was satisfied with the changes made 
to the resource allocation processes and adhered to the newly defined strategy. This 
positive vibe was in contrast with the mechatronics department. After an initial good 
start at the beginning of 2019, several disruptive events occurred. Within this period, 
the innovation manager was replaced, and for a few months, there was less focus on the 
process. The figures for May 2019 showed that much fewer hours were spent on new 
product development than planned. About 70% of the hours were spent on other tasks 
than intended by management. To a large extent, 51% of their time, the engineers 
worked on unauthorised requests of different departments. As a result, deadlines of 
projects were in danger, the number of projects in parallel increased from 11 to 17 and 
resources became (heavily) overloaded again.  

The processes agreed on paper were not respected in practice. In this state, it made 
no sense to start the data collection. As an intervention, the researcher presented the 
results to the entire management team by showing the measurement in the PMIS. It 
appeared that the management team had lost the overview on the actual workload and 
the compliance of the agreed processes. The management team recognised that this was 
an unacceptable situation. They expressed the added value of the presented overview 
by the PMIS. Based on these insights, the management team took company-wide 
measures to (re-)establish the processes. 

The primary measure to increase the focus on new product development was 
reducing disturbances of the innovation department by other departments. Management 
formalised the procedure to handle change requests (CR) and problem reports (PR). 
Other departments were no longer allowed to enter the innovation department 
unannounced to pursue their unauthorised requests. To control this procedure, MDX 
established a change board under the supervision of product management. Based on the 
PMIS data, KPIs were used to trace to which extent the measures were effective. This 
extra intervention postponed the start of the data gathering for one month, but finally, 
all processes were in place again, as intended by the plan of action. 

10.2.5 Conclusion about the execution plan of action in terms of meeting MDX’s 
business objectives  

The resource allocation processes and the PMIS are implemented to a great extent as 
intended by the plan of action defined in chapter 8.2 to meet MDX’s business objectives. 
During the implementation, we faced four start-up issues. For three of them, MDX 
found solutions. One obstacle remained: management and the software department did 
not agree on how to embed MDX’s 7-stage product development model in the agile way 
of working. Although the software department and management were satisfied with the 
improved insight on portfolio level, an insight into the feasibility of the individual 
software projects was missing.  

We conclude that the project maturity level of the software department does not 
match our context requirements (guideline C-4, par.7.3). All other processes are in place 
as intended in the plan of action.  
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10.3 Implementation of the design proposition at the mechatronics 

department 

We executed all steps as described in the plan of action for the mechatronics 
department. We started implementing these steps when all mechatronics projects were 
uploaded to the PMIS, and the resource’s supply and demand load was reasonably 
balanced. The introduction of the design proposition overlapped with the 
implementation of the resource allocation processes and the PMIS. We faced the 
following four issues that were less straightforward to implement: 
• the ease of use and maintenance of the priority list (G-8), 
• using the priory list as a reference (G-6), 
• periodically evaluate the decision-making process (G-11), 
• assessment of the arguments for deviating from the heuristic (G-10). 

This paragraph covers only these issues. The other implementation steps were 
executed as planned. Details were recorded in the event logbook1. This paragraph 
concludes if the plan of action is implemented as intended.  

10.3.1 The ease of use and maintenance of the priority list (G-8) 
As stated in guideline G-8, the scheduling heuristics should be easy to use, 

understand, implement, and maintain. The team had no issue with understanding the 
priority list. But there was resistance to use and maintain the list. The reason for this 
resistance was that the engineers had the feeling that they had to maintain two systems: 
their current system to record spent hours for tax purposes and the PMIS to register 
remaining hours to sustain the priority list. We are not interested in the spent hours in 
our research. Still, to overcome this obstacle, we decided to develop a timesheet module 
to register the spent hours in the PMIS and create an export for tax purposes. The old 
system was switched off entirely once the new timesheet module was in place. The team 
expressed their satisfaction with the improved PMIS functionality, and the resistance to 
using and maintaining the projects was gone. 

10.3.2 Using the priory list as a reference (G-6) 
Once the project template was accepted and the projects were uploaded, the PMIS 

generated the priority list. The team stated already from the start that the priority list 
reflected their feeling about priorities between project tasks reasonably well. Despite 
this recognition of the priority list’s quality, there was also resistance. One of the two 
veterans at Mechatronics stated (quite bluntly) that he did not want to work according 
to the priority list. He did not want to be directed by the system and to give up his 
freedom to pick up the task, which he thought was the best to execute given the 
circumstances. The researcher stated that this was exactly the research topic: if you want 
to deviate from the priority list, you can do it if you have good reasons for this. The 
only obligation is to comment on the tasks why you deviate from this list. The other 
engineers supported the researcher that this was the direction they wanted to work by. 

 
1
 The event log is available on request by the author. The logbook is written partly in Dutch, partly in 

English.  



180      Chapter 10 

The main reservation about the priority list appeared not to be related to the project 
tasks but problem reports (PR) and change requests (CR). The engineers stated that the 
priorities of the PRs and CRs were not reflected in the list, while this was a significant 
part of their work. To prevent the engineers from keeping separate lists, we created two 
additional projects, one for CRs and another for PRs, each containing multiple CRs and 
PRs. By estimating the remaining work and adding the delivery of each item, the PMIS 
could prioritise them. Finally, we had one list that contained all the engineers’ tasks, 
and they used this list as a reference to prioritise their tasks.  

Having one priority list and the authority to deviate from it for good reasons 
convinced the entire mechatronics team to accept the priory list as a reference to pick 
their following tasks, as intended in the plan of action. 

10.3.3 Periodically evaluating the decision-making process (G-11) 
During the moving phase, the researcher facilitated a learning process where we 

discussed the action to implement the steps defined in the plan of action every two 
weeks. We did not evaluate why the resource allocation decision was made since this 
measurement process was not in place initially. Instead, we reflected at the start once 
per month, later once per two months on the resource allocation process in general. 
These sessions were held together with the software department.  

From the very beginning, the engineers took an active part in every meeting. 
Especially the veterans, who had been working for 25 years for the company, openly 
shared their concerns about the changed resource allocation processes. During one of 
the first evaluation meetings, the team lead of mechatronics stated, “I hope the team 
will be as open at this meeting as they were before” (Event log, Feb’7th 2019). The 
concerns were related to the issues discussed in paragraphs 10.3 and 10.2. The openness 
of the researcher to examine the engineers’ problems and the support of management 
created an environment of trust. After an intensive meeting with the engineers, the team 
lead expressed this by stating, “I’m satisfied with this meeting; now we come to the 
core”. Besides the intensive conversation, there was also room for laughter, sharing 
personal experiences and drinking some beer together(Event log, Feb’7th 2019).   

The management and the researcher gained lasting trust by solving the issues with 
the engineers and delivering results in practice. During the evaluation sessions, the team 
came up with 37 improvement suggestions. Over 80% of them were successfully 
implemented (Appendix B). The engineers themselves realised most of the 
improvements. If the required action exceeded the boundaries of the innovation 
department, then management helped to accomplish them (e.g., establishing a company-
wide CR and PR process). The researcher was not involved in executing the action 
points, except for the actions that required changes to the PMIS or specific knowledge 
of the PMIS. 

Gradually, the team expressed their satisfaction with the improvements made. Still, 
there were always some reservations, but they stimulated the improvement process. The 
CEO also told the team how satisfied he was with the progress. The CEO actively 
attended several evaluation meetings and team meetings on the work floor. The 
engineers expressed that this was noticed and appreciated.  



Implementation Plan of Action at Case Study Candidate    181 

Based on these findings, we can conclude that the periodical evaluation process is 
implemented as intended in the plan of action. 

10.3.4 Assessment of the arguments for deviating from the heuristic (G-10) 
The researcher started to evaluate the deviations from the task list with the first 

meeting in April 2019 (Event Log). At that time, all projects were in the PMIS, supply 
and demand were reasonably balanced, and the engineers could work with the priority 
list. Till that moment, the engineers had the freedom to manage their work without any 
questions asked by management. Asking why they selected a particular task was a new 
experience for the engineers. At the first session, some of the engineers felt judged and 
had to defend themselves. They took the questions personally instead of objectively 
improving the process.  

What helped overcome this obstacle was that the researcher took the time to discuss 
certain deviations in detail. The researcher clarified that the engineer’s knowledge was 
essential to make the right resource allocation decision and that it would be impossible 
to put this knowledge in an algorithm. The innovation manager also stated that he had 
neither knowledge nor time to make those decisions and expected the engineers to use 
their insights to make the final resource allocation decisions. During the first meeting, 
the whole team concluded that the task list generally reflected the right priorities but 
that planning their entire work correctly was impossible and had no added value.  

After four sessions, the engineers got used to discussing the deviations openly. To 
improve the assessment process, we asked the engineers, as stated in the plan of action 
(par. 8.3.3), to make a small note in the PMIS. It was supposed to be used at the team 
meeting as a reminder to discuss the reasoning. However, it appeared that hardly any 
engineer filled in a reason for the deviation. In practice, this seemed not to be an issue, 
the bi-weekly meetings were frequently enough to recall their memory, and the 
researcher noted their remarks during the sessions.  

Conform plan (par. 8.3.3), we used the priority list as a reference to discuss the 
deviations with the team members. However, during the team member sessions, it 
appeared to be difficult and time-consuming to trace which task was skipped and for 
what reason based on this information. We decided to adapt the PMIS software to 
provide an overview of which task was executed and which higher priority tasks were 
skipped. After the adapted PMIS software was ready, assessing the deviations from the 
task list went much smoother, and we were prepared for the data collection phase.  

10.3.5 Conclusion about the design proposition implementation at the 
mechatronics department 

The guidelines are introduced as intended by the plan of action defined in chapter 
8.3 to implement the design proposition. We faced four start-up issues during the 
implementation, for which MDX found a solution. At this moment, we foresee no need 
for additional interventions by the researcher. All processes are in place as intended in 
the plan of action.  
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10.4 Implementation of the design proposition at the Software 

department 

We separated the implementation of the design proposition at the software 
department from the mechatronics department since there are fundamental differences 
between them. The software department became capable of planning projects so that 
resource supply and demand were reasonably balanced (par. 10.2.3). These priorities 
are clearly reflected on project level in the PMIS. Based on these project priorities, the 
software team leader decides which piece of work from what project to execute.  

However, for our research, we are interested in the dynamics on the work floor. This 
requires a priority list on story and task level to be used at the daily stand-up to allocate 
tasks to resources. The obstacle of not finding a match with the agile way of working, 
as discussed in paragraph 10.2.1, prevented providing this task list.  

Since the task list is a cornerstone for other guidelines, it affected multiple 
implementation aspects:   

G-7  Scheduling heuristics can deliver an acceptable benchmark for supporting the 
organisation’s objectives. 

G-6  Scheduling heuristics must be used as a reference for the resource allocation 
decision. 

G-9  The decision-makers are allowed to deviate from the scheduling proposed by 
the heuristics. 

G-10 Frequently assess if the arguments for deviating from the heuristic are accepted 
as a justifiable deviation. 

G-11 Periodically evaluate the decision-making process and analyse the type of 
reasoning. 

 
This paragraph focuses on the main issue that prevented implementing our plan. The 

issues with implementing the other guidelines are a consequence and analysed in 
chapter 11. Details regarding the plan of action are recorded in the event logbook1. 

10.4.1 Scheduling heuristics can deliver an acceptable benchmark for supporting 
the organisation’s objectives (G7) 

To prioritise tasks, a project network and deadlines are required. Based on this 
information, the priority is defined by calculating the critical ratio (CR)2 for each task. 
The plan of action intended to create the project network based on relations between 
epics, stories, and tasks. We planned to use the sprint and release dates as deadlines. 
The Jira© tool, used by the software department, can provide all the required 
information, and the PMIS can synchronise it.  

The main issue faced was to agree on how to define the network within a project on 
a story and task level. According to the software team, a functional relation between the 
stories was only occasional. The product manager defined priorities based on a business 
value on a story level.  

 
1
 The event log is available on request by the author. The logbook is written partly in Dutch, partly in English.  

2
 1/CR = Sum of processing times in critical path/remaining time till due date, see paragraph 8.3.2 
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The software team leader selected the stories based on this list and added them to the 
next sprint. Together with the team, they defined the tasks per story. Relations between 
tasks were not defined because this was cumbersome to do in Jira. The consequence of 
the missing relationships between stories and tasks within a story was that most tasks 
within a sprint had about the same priority. We tried to incorporate the business value 
into the heuristics. Still, this didn’t result in the task list that could deliver an acceptable 
benchmark supporting the objectives of the software department.  

The main reason to stop further development of the heuristics was that the software 
department did not see the need to use the task list during the daily stand-ups. We 
addressed their main problem: they worked on many projects simultaneously because 
they missed higher-level project priorities. This issue was addressed by implementing 
the PMIS and the related processes. The software engineers and higher management 
were delighted with the improvements at that point in time. MDX had their project-
level overview, and supply and demand were balanced. The software engineers were 
confident that they could work according to the scrum approach and deliver projects 
again. Although MDX was glad that the business objectives were met, from the research 
point of view, that result was unsatisfactory since it was impossible to collect data at 
the work floor level as intended in the plan of action. 

10.4.2 Conclusion about the implementation of the design proposition at the 
software department 

The software department’s guidelines could not be implemented as intended by the 
plan of action defined in chapter 8.3. There was no need or willingness to change their 
current way of working. We addressed their main problem by implementing the PMIS 
and the related process: too many projects with unclear priorities ran in parallel. Due to 
this success, their scrum approach became effective again, and because of that, the work 
floor saw no need to use a priority list as a reference to base their resource allocation 
decisions on. At that point in time, the innovation department was satisfied with the 
progress made from a business point of view. 

Although the improvement helped the software department execute the current sprint 
effectively, it would not provide insight into whether the project would be delivered on 
time. Therefore, their project management maturity was insufficient. Building a project 
network by breaking up the project into stories and epics and adding relations to them 
as proposed in our plan of action could provide this insight. But during the moving 
phase, the software department was not open for this change.  
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10.5 Conclusion about the implementation of the plan of action at 

MDX 

As expected in chapter 8, implementing the plan of action required a severe 
organisational change, which took more effort than planned. At mechatronics, multiple 
obstacles arose and were overcome with the help of the team and their management. As 
for the mechatronics department, the plan of action was executed as intended. At the 
software department, it failed to be implemented as intended. Although the software 
department and their management were satisfied with the initial improvement, they did 
manage to increase the project management maturity to the level that matched our 
context requirements. As a result, we can measure deviations only at the project level 
but not at work floor level.  

For both departments, no additional interventions by the researcher are foreseen. At 
mechatronics, the interventions are applied successfully. It will take time for the 
software department to get used to the applied changes and prepare for the next step to 
increase their project management maturity.  

We expect that the data for the mechatronics department can be collected as intended 
by the plan of action. As for the software department, we expect to collect a limited 
amount of data since we cannot measure it on the work floor, the area where it is likely 
that the most dynamics reveal themselves.  



 

 
 
 





 

11 Case Study Data Analysis 

11.1 Introduction 

This chapter aims to analyse whether our design proposition’s application led to 
improved resource allocation decisions at MDX. As stated in the data gathering and 
analysis preparation in chapter 9, we speak about an improvement “if there is consensus 
and consistency in the decision-making process resulting in an increased rate of 
accepted resource allocation decisions over time” (par. 9.3.4).  

We applied the data analysis approach to evaluate if there is an increased rate of 
accepted resource allocation decisions over time, as defined in chapter 9. Using the Goal 
Question Metric (GQM) approach (Basili et al., 1994), the data analysis approach 
answers each measurement goal’s questions in a structured way based on the data 
collected by our measurement instruments. It ensures the validity and reliability of this 
data analysis, designed to ensure internal validity, construct validity, and reliability.  

The design validation is the final step of the case study. Figure 11-1 depicts how this 
step fits in the thesis’ structure. The design validation contributes to objective OBJ-4.B, 
which validates an approach leading to satisficing resource allocation decisions.  
 

Figure 11-1 Thesis structure 

To validate the design proposition’s effectiveness, we analyse the following six 
measurement goals: 

Goal-1: Defining to what extent local decision-makers deviate from the 
predefined work order outlined by the scheduling heuristics. 
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Goal-2: Determining to what extent the arguments for deviating from the 
scheduling heuristics are accepted as a justifiable deviation. 

Goal-3: Defining if the arguments are so diverse that they are hard to manage 
or embed in scheduling heuristics. 

Goal-4:     Examining if a learning effect is visible. 
Goal-5:   Determining whether the operational guidelines are understood, 

accepted, and actually applied by those involved. 
Goal-6: Specifying the additional value for the case study candidate in applying 

the design proposition. 
 
The application of the GQM approach has resulted in the metrics and information 

needs, as stated in Table 11-1. This table also shows the measurement instruments that 
provide the data to be analysed for each goal.  

Table 11-1 The measurement instruments and their relations to the metrics and information requirements 

Goal Goal-1 Goal-2 Goal-3 Goal-4 Goal-5 Goal-6 

Metrics and                      

 

information 

needs ® 

 

 

Measure-

ment 

instruments 

        ¯ 

M-1  
Assessment if 
a deviation 
from 
heuristics 
occurred at 
the moment 
of resource 
allocation. 

M-2 
Statement 
of whether 
the 
resource 
allocation 
argument 
is 
justifiable 
or not. 

M-3  
The degree 
of 
difficulty 
to assess 
the quality 
of the 
allocation 
decision. 

M-4 

Degree of 
the 
diversity 
of 
arguments. 

M-5 
Number of 
justifiable 
and non-
justifiable 
resource 
allocation 
arguments 
over time. 

M-6 
Evolution 
degree of 
difficulty 
to assess 
decision 
quality 
over time. 

M-7 

The extent to 
which 
guidelines are 
understood, 
accepted, and 
applied. 

M-8 

Statement 
if it is 
worth 
implem–
entting and 
applying 
the design 
proposition 

MI-1 

PMIS data 

x x       

MI-2 

Analysis 

Spreadsheet 

x x x x x x x  

MI-3 

Guideline 

Interviews  

  x x  x x x 

MI-4 

Event 

Logging  

  x x  x x x 

MI-5 

Starting 

Agreement  

       x 

MI-6 

Exit 

Interview  

       x 

MI-7 

Post 

verification 

interview  

       x 

Source: identical to Table 9-9, paragraph 9.4. Added here for clarity reasons. 
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This chapter starts with the description of the measurement process in paragraph 
11.2. For each measurement instrument, MI-1 to MI-7, we analyse if the execution was 
performed as described in chapter 9. Deviations from the predefined measurement 
process are outlined, and their impact on the reliability of the data measured is analysed. 
Finally, we end paragraph 11.2 with a conclusion if the data can be regarded as a reliable 
basis for the data analysis. 

The data analysis is done separately for the mechatronics department in paragraph 
11.3 and the software department in paragraph 11.4. The data analysis process for each 
measurement goal is as follows: 
• Overview of the measurement goal’s GQM as defined in chapter 9. 
• Data analysis per metric for this goal, as stated in Table 11-1. 
• Presenting the data captured for this metric, followed by the data analysis for each 

measurement instrument. 
• Conclusion and discussion about the attainment of the measurement goal. 

E.g., to analyse Goal-1, we need to define to what extent local decision-makers 
deviate from the predefined work order outlined by heuristics planning algorithms. To 
do this, we need to define if deviations from heuristics occurred at the moment of 
resource allocation (Metric M-1). The PMIS (MI-1) and the analysis spreadsheet (MI-
2) provide the data for this analysis. The data analysis is performed according to the 
data analysis approach, as defined in chapter 9. In addition, any deviation from the 
predefined approach is explicitly mentioned. Finally, we close the analysis of Goal-1 
by concluding to what extent local decision-makers deviate from the predefined work 
order. 

Paragraph 11.5 evaluates the reliability and validity of the data analysis. If the 
designed analysis approach of chapter 9 is followed, we assume that the data analysis 
is reliable and valid. If deviations occur, we will evaluate their impact. 

Finally, paragraph 11.6 concludes if the design proposition’s expectations are met, 
leading to improved resource allocation decisions for MDX.  

11.2 The measurement processes 

This paragraph describes the execution of the measurements. They are the basis for 
the data analysis described in the next paragraph and must, therefore, be reliable. To 
ensure reliability, we defined the measurement processes in chapter 9. So, if the 
measurements are executed according to the process, we can conclude that the provided 
data is reliable. If deviations occur, we analyse if the data is still reliable enough for 
analysis.  

We applied the same measurement process for the mechatronics department as for 
the software department. The exception is that we stopped measurement MI-2 for the 
software department in three months after we saw limited variation in the data collected. 
All the other measurements were executed in the same way for both departments and in 
the same time frame.  

Figure 11-2 gives an overview of the measurement instrument’s data gathering 
periods. In the sections below, we discuss each of them. 
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 Figure 11-2 Measurement process timeline (source par. 10.1, Figure 10-2)
1
 

11.2.1 Measurement instrument MI-1: The project management information 
system 

As described in paragraph 10.3.4, we adapted software to provide an overview of 
which task was executed and which higher priority tasks were skipped. After this 
software was ready, we started the data collection phase. From that point on, project 
management information system (PMIS) measurements were executed according to the 
measurement process, as described in paragraph 9.4.1. We found no indication that the 
data could not be regarded as reliable. 

11.2.2 Measurement instrument MI-2: Analysis spreadsheet based on the PMIS 
For this measurement, the following deviations took place:  

 
A) Measurement process deviation 1: Discussing J-P cases 

The measurement process of MI-2 states that J-P cases will not be discussed. 
However, we initially discussed the highest priority task (P) cases, which indeed did not 
bring any additional value. The participants’ primary response was that they selected 
this task to be on top because the planning correctly reflected this. Since discussing the 
trivial P-cases did not motivate the participants to be involved, we stopped discussing 
these cases. We classified them all as a justifiable (J) decision of class J-P. The deviation 
from the process does not affect reliability since it has not affected the outcome of the 
measurement process. 

 

 
1
 The case study ends with the conclusions about the design validation (par. 11.6) and a reflection & 

recommendation (chap 12).  This part is not depicted in this figure.  
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B) Measurement process deviation 2: adapting the classification of NP to P  
The idea was that the PMIS defined the NP or P class automatically and that the team 

decided if the deviation from the task list priorities was justifiable. However, if a high 
priority task was skipped, all decisions to execute a lower priority task were classified 
as NP, in general, for the same reason. In practice, the team saw no need to change the 
planning instantly if such a situation occurred. Changing the planning each time such 
an occasion happened would lead to too much planning overhead. Therefore, we 
decided to count for such cases only the first time the task was skipped as NP. After 
that, all the other decisions to skip this task for the same reason were manually marked 
as P. This deviation from the process was necessary to overcome this unforeseen 
situation and increase the data reliability. Based on this practical experience, we adapted 
the measurement process. 

 
C) Measurement process deviation 3: Less frequent team sessions 

To discuss all deviations from the task list with all team members bi-weekly appeared 
to be inefficient. The researcher prepared the sessions with the senior engineer to keep 
the team meetings efficient. Many times, the reason for skipping one task was the same 
for another task, of which the senior engineer was aware based on his local knowledge. 
The researcher and the senior engineer added these reasons to the analysis spreadsheet 
and classified them at a bi-weekly session. All the cases about which the senior engineer 
did not know the details were colour-marked in the analysis spreadsheet. We also 
marked some deviations as non-justifiable (NJ). Instead of bi-weekly, we discussed all 
marked items in the analysis spreadsheet on a monthly basis. The non-marked cases 
were also shown to the team, but in general, they required no discussion, and the team 
agreed with the senior engineer’s judgment.  

We deviated from the process by having monthly team sessions instead of bi-weekly. 
However, this still results in reliable data since it does not significantly undermine the 
intended idea of the measurement process to capture local knowledge close to the 
moment the resource allocation decision is taken. Still, bi-weekly meetings were kept 
with the senior engineer, who appeared to have the local knowledge to recall most of 
the reasons for task list deviations. The senior engineer also asked the team questions 
based on the bi-weekly meetings to prevent deviation arguments from being forgotten.  
 
D) Measurement process deviation 4: 

Not all cases could be classified because sometimes the engineers forgot the reason. 
That is why we added the unknown class. This happened on average in 4% of the cases. 
Thus, we see the exclusion of cases in which the facts are not clear as an improvement 
to the measurement process and will not negatively affect the reliability of the data. 

 
Overall, we conclude that the measurement process MI-2 delivers a representative 

view of the resource allocation process and the decisions made. Further, we have found 
no indication that the data cannot be regarded as reliable. 
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11.2.3 Measurement Instrument MI-3, MI-6, MI-7: The Interviews 
The guideline, exit, and post-verification interviews are held executed as described 

in the measurement processes in paragraph 9.4. We translated the transcriptions from 
Dutch to English. The audio files and the complete transcriptions are available on 
request.  

To prevent bias, open questions were asked. The identified risk that open questions 
do not deliver the data required for the measurement goal did not mature. Therefore, it 
was not required to ask additional questions at a later stage. We saw no indication of 
possible research bias and/or participant bias. The answers were in line with the results 
of the other measurements, and the open questions prevented reflexivity (the fact that 
the interviewee gives what the interviewer wants to hear). Therefore, we can conclude 
that we did not indicate that the data was unreliable.   

11.2.4 Measurement instrument MI-4: Event Logging 
The events are logged as described in the measurement process of MI-4 in paragraph 

9.4.4. At the start of the case study, in the unfreezing and moving phases, the researcher 
influenced the events by implementing the interventions suggested by the design 
proposition. As already discussed in the data gathering preparation phase (par. 9.4.4), 
this bias is inherent in applying a design science research approach. We tried to be as 
transparent as possible and documented the actions taken, decisions made, and 
particularities in the event log. During the data collection phase, the main focus was on 
collecting arguments about the resource allocation decisions. These arguments were 
captured in the analysis spreadsheet (MI-2). Making notes about the arguments while 
simultaneously doing observations for the event log appeared to be difficult, and for 
that reason, the notes in the event log provide a less detailed description of the 
observations.  

 However, both measurement instruments, MI-4 and MI-2, captured all meetings 
with the team members and provided deep insight into the resource allocation process.  

We can conclude that the main objective of the event log, which is to capture events 
taking place in light of evaluating the design proposition, is fulfilled by this 
measurement instrument. Furthermore, we have no indication that the events logged 
cannot be regarded as reliable. 

11.2.5 Measurement instrument MI-5: Starting Agreement (Contract) 
The data from the stating agreement is captured as described in the MI-5 

measurement processes in paragraph 9.4.5. The data provided can, therefore, be 
regarded as reliable. 

11.2.6 Overall reliability of the measurements 
Finally, we conclude that with some deviations, the measurements are executed as 

described by the measurement instrument definition in paragraph 9.4. These deviations 
were required due to unforeseen situations. Based on these deviations, the measurement 
process was adapted, and there are valuable lessons to improve the data gathering 
process. However, we have no indication that any of the deviations negatively 
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influenced data reliability. Therefore, the data measurement process can be regarded as 
a reliable basis for data analysis.  

11.3 Data Analysis at the mechatronics department 

This paragraph describes the data analysis according to the approach defined in 
paragraph 9.5 for the mechatronics department. The basis for the analysis is a set of data 
provided by the measurement instruments. This data set can be regarded as reliable, as 
concluded in the previous paragraph.  

The data analysis is carried out in the freezing phase (see par. 11.2, Figure 11-2). 
The PMIS implementation is fulfilled at this stage, and the participants work according 
to implemented processes. These processes, defined by the design proposition 
guidelines, are supposed1 to be in place at the start of the freezing phase. To describe 
the guideline implementation in the moving phase, we refer to chapter 10.  

11.3.1 Data analysis Goal-1: Defining to what extent local decision-makers 
deviate from the predefined work order as defined by heuristics planning 
algorithms 

The objective of the GQM stated in the table below is to analyse to what extent the 
deviations from the task list occur based on the PMIS data. The analysis is carried out 
based on the approach as defined in paragraph 9.5.1. 

Table 11-2 GQM to log deviations from heuristics 

Goal-1 

 

Viewpoint 

Defining to what extent local decision-makers deviate from the predefined work order 

outlined by the scheduling heuristics. 

Scheduling heuristics   

Q-1 

M-1 

How many deviations from the planning heuristics take place? 

Assessment if a deviation from scheduling heuristics took place at the moment of 

resource allocation 

(measurement instruments: MI-1 PMIS and MI-2 Analysis spreadsheet.) 

Source: Table 9-2 for GQM and Table 9-9 for the measurement instruments 

M-1 Data analysis: Assessment if a deviation from scheduling heuristics took place at 
the moment of resource allocation 

The deviations are measured by the PMIS (MI-1) and processed using the analysis 
spreadsheet (MI-2) described in paragraph 11.2. The PMIS (MI-1) defines the NP or P 
class automatically. P stands for Prioritised, meaning that the decision-maker selected 
the task with the highest priority and NP for Non-Prioritised, meaning that the decision-
maker deviates from the task list priorities. The final classification of NP or P is done 
during the team meetings with the participants. The outcome of the classification 
process is captured in the analysis spreadsheet (MI-2). Based on the data in the analysis 
spreadsheet, Table 11-3 shows “how many deviations from the planning heuristics take 
place” (Q-1). These values are also visualised in Figure 11-3, showing that the number 

 
1
 Supposed, since the analysis of Goal-5 has to show to what extent the guidelines are in place. 
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of justifiable deviations remained relatively stable over time while non-justifiable 
deviations declined significantly. 

 
 Table 11-3 Deviations from the task list for mechatronics 

Month Deviations(NP) Total cases % Deviations (NP) 

Jul. 18 25 72% 

Aug. 26 41 63% 

Sep. 34 81 42% 

Oct. 26 62 42% 

Nov. 22 81 27% 

Dec. 10 48 21% 

Total 136 338 40% 

 
From the 338 measured allocation decisions, 255 decisions were classified by the 

PMIS automatically as a deviation (NP) from the heuristics. During the analysis with 
the team, 118 cases were revised from NP to P. All classification adjustments and their 
reasoning are captured in the analysis spreadsheet MI-2. The reasons for adjustments 
can be summarised as follows: 
• There are tasks for which the team and management defined rules to pick them up 

rather than following the priority list, like an assigned responsibility to help others, 
do non-project work, or maintain the planning. Typically, these tasks are planned to 
have a low priority and do not disturb the top of the list. Arguably, one can question 
if these tasks should be on the list, but the team decided to add them to make it 
possible to register hours on them and track if the rules are followed. In total, 47 
cases are classified as J -P for this reason. If the rules were violated, the case was 
classified as a (non-justifiable) deviation. The management rules and the effect on 
classifications are discussed in detail at Goal-3. 

• If some of the tasks managed by the rules described in the previous point end up 
higher on the priority list than the task to be executed, they should be ignored. In 
total, 5 cases are classified as J -P because the higher priority task had to be ignored.  

• Tasks skipped multiple times for the same reason, counted only once as a deviation. 
Otherwise, all decisions should be counted as deviations till the reason is no longer 
valid. In total, 53 cases are classified as J -P for this reason.  

• In 13 cases, tasks selected within the same project with only a minor priority 
difference (less than 10 points), are classified as J-P. We intended to discuss these 
cases, but the participants regarded these cases to be the system noise. Note that 
minor priority differences between projects are considered deviations since this 
typically involves a significant context switch. 
 
The initial idea was that the NP/P classification was done automatically by the PMIS, 

allowing to measure the deviations in the independent usage phase. However, these 
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required manual adjustments hindered to collect quantitative data in the independent 
usage phase. Furthermore, although we do not have quantitative measurement, the 
manager confirmed that deviations from the priority list still took place after six months 
of independent usage (see Goal-6 analysis). Therefore, it is worthwhile to investigate 
how to automate the reasons for manual classification adjustment for future research. 

 
Goal-1 Conclusion and Discussion 

The design proposition is intended to allow decision-makers to deviate from the 
predefined work order determined by heuristics planning algorithms. Based on the 
evidence for Goal-1, we conclude that such deviations did indeed take place. Goal-2 
examines to what extent these deviations happened for the right reasons.  

11.3.2 Data analysis Goal-2: Defining to what extent the arguments for deviating 
from the scheduling heuristics are accepted as a justifiable deviation 

The data analysis of Goal-1 revealed that deviations from the heuristics were 
significant and took place consistently. Goal-2 analyses to what extent these deviations 
are perceived as justifiable deviations from the heuristics. This measurement goal 
relates to the reference intervention, where the mechanism of anchoring and adjustment 
is triggered (par. 6.3.2 of the design proposition). As an anchor, we use the priority list, 
and for this measurement goal, we analyse deviations from this anchor. We analyse if 
the deviations lead to improved resource allocation decisions, it is not our intention to 
improve the heuristics. Following the data analysis approach, as described in paragraph 
9.5.2, we will analyse the data of M2 and M3, as stated in the GQM in the table below. 

Table 11-4 GQM to log acceptance of deviations from heuristics 

Goal-2 

 

Viewpoint 

Determining to what extent the arguments for deviating from the scheduling heuristics 

are accepted as a justifiable deviation. 

Team related to the decision-maker 

Q-2 

 

M-2 

 

 

M-3 

Is it the opinion of the resource group that the resource allocation decision made was 

correct at the moment it was taken?   

A statement of whether the resource allocation argument is justifiable or not. 

(measurement instruments: MI-2 analysis spreadsheet based on the MI-1 PMIS; 

measured quantitative) 

The degree of difficulty to assess the quality of the allocation decision  

(measurement instruments: MI-4 event logging, MI-3 guideline interviews, MI-2 analysis 

spreadsheet; measured qualitatively) 

Source: Table 9-3 for GQM and Table 9-9 for the measurement instruments 

M-2 Data analysis to define whether a resource allocation argument is justifiable or 
not. 

Defining if a resource allocation argument is justifiable or not is done by 
classification. All 338 cases measured by the PMIS (MI-1) are classified in the 
following classes in the analysis spreadsheet (MI-2):  

Class J-P:  Justifiable decision to follow the priority list 
Class J-NP:  Justifiable decision to deviate from the priority list 
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Class NJ-NP:  Non-Justifiable decision to deviate from the priority list 
Unknown: Non-classified allocation decisions (participants could not recall 

the reason) 
 

The results are displayed in Figure 11-3 and the underlying values in Table 11-5. 
Note that the classes NJ-NP (red) and the J-NP (yellow) together form the total number 
of deviations are equal to the results of Goal-1. The difference here is the distinction 
between justifiable and non-justifiable arguments of deviations from the heuristics. 
 
 

Figure 11-3 Resource allocation decision classification graph for mechatronics  
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Table 11-5 Resource allocation decision qualification tables A (absolute) and B (Relative) for mechatronics 

Table A: absolute numbers  
Month J- P J-NP NJ-NP Unknown Total 

 

Jul. 6 5 13 1 25 

 

Aug. 14 11 15 1 41 

 

Sep. 43 14 21 3 81 

 

Oct. 35 15 11 1 62 

 

Nov. 57 16 6 2 81 

 

Dec. 34 9 1 4 48 

 

Total 189 70 67 12 338 
 

 
Table B: relative numbers, as used in the figure above  
Month J- P J-NP NJ-NP Unknown Total 

Jul. 24% 20% 52% 4% 100% 

Aug. 34% 27% 37% 2% 100% 

Sep. 53% 17% 26% 4% 100% 

Oct. 56% 24% 18% 2% 100% 

Nov. 70% 20% 7% 2% 100% 

Dec. 71% 19% 2% 8% 100% 

Total 56% 21% 20% 4% 100% 

Source: Tables and graphs are automatically generated by the Analysis spreadsheet MI-2 

At Goal-1, we concluded that the number of deviations remained significant even six 
months after. However, when zooming in on these deviation classes, NJ-NP (red) and 
J-NP (amber), we see that percentage of non-justifiable deviations decreased 
substantially over the time measured. At the end of the data-gathering phase, it became 
an exception that the participants made non-justifiable resource allocation decisions. It 
is interesting to see that the percentage of justifiable deviations (J-NP) remained 
reasonably stable over time, around 20%. It is also clearly visible that the decrease of 
NJ-NP cases caused an increase in J-P cases. 

We will emphasise the learning at Goal-4, but it is already apparent that a learning 
effect is visible; the participants make more justifiable resource allocation decisions 
over time. Thus, we can conclude that in the end, the vast majority of arguments to 
deviate from the task list priorities are justifiable and not accepted arguments became 
an exception.  

Regarding the unknown class, we see an increase to 8% in December. This increase 
is caused by the holiday period. When discussing all the cases in January, the 
participants found it hard to recall why they deviated from the task list.   
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M-3 Data Analysis to define the degree of difficulty to assess the quality of the allocation 
decision 

To classify whether a resource allocation is justifiable or not, we have to rely on the 
participants' assessments. Measures of difficulty to assess the quality of the allocation 
decision are the unanimity, the degree of acceptance and the time it takes to come to an 
assessment (data analysis approach Goal-2, par. 9.3.2).  The data to be analysed is 
collected by MI-4 event logging, MI-3 guideline interviews, and MI-2 analysis 
spreadsheet.  

 
Data of measurement instrument MI-4, the event log  

The event log (MI-4) text analysis delivered two significant events, which provided 
a rich insight into the judgment process. The first session (event log April 4th, 2019) 
with the participants, in the moving phase, took about 30 minutes per engineer to discuss 
their resource allocation decisions. Many deviations from the planning caused lengthy 
discussions since they were still improving their planning skills. The team members 
also had to learn when to deviate from the list and when not, which also took some 
significant discussion time. During these first sessions, some engineers also felt they 
had to defend their decisions, making it challenging to analyse the allocation decisions. 
Nevertheless, it was good to see that the manager gave them explicitly the freedom to 
make their own resource allocation decisions. This freedom is expressed in the 
following discussion (translated from Dutch): 

Researcher: “Is the [priority] list correct? 

Engineer: “The right project has the highest priority. Only the priority of the tasks is difficult to 

plan because you carry out a certain aspect each time, and not all aspects occur in all tasks.” 

Team: All team members started to discuss how the planning could be adapted and, if needed, to 

adjust the planning. Finally, the team concluded that the order of tasks was not crucial in this 

case and that it was sufficient that the total scope was clear.  

Researcher: “You don’t get them in a schedule?” 

Engineer: “That’s right; that is impossible.” 

Manager: “A manager does not go after this; you have to arrange this yourself.” 

Finally, the team classified this case as J-NP, a justifiable non-prioritised allocation 
decision. Deviations from the task list made for the same reason were no longer 
discussed and classified as J-P.  

In a session one month later (event log MI-4, May 9th, 2019), we recorded the time 
it took to agree. From the 19 cases analysed, an instant unanimous judgment was made 
12 times. In 2 cases, it took 10 minutes to assess that the deviation from the task list was 
not allowed. In 3 other cases, it took several minutes to assess that the reason for 
deviation from the task list was accepted, although with some doubts. In two cases, no 
assessment was made at all.   

Here is an example of a discussion: 
Planner: “Have you got an official request? It’s for 69 hours. It comes at the expense of high 

priority tasks.” 

Eng-1: “Ehh, yes, I have no answer for this so quickly”…[pause]...” X planned a meeting, and 

we don’t say no that often”  
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Planner: “We have to ask the question if it is good to delay another project because of the control 

box”  

Eng-2: “Eng 1 can’t put it on hold himself”  “Manager? ” [Eng-2 asked the manager for a 

decision.] 

Manager: “We will finalise it now. It’s also important that issues are removed from this list” [22 

hours remaining of the 69 hours] 

In 10 minutes, the team decided that this was a non-justifiable reason to deviate from 
the priority list. After those initial sessions, we found no evidence that it was difficult 
to assess the resource allocation quality. There was consensus and consistency in the 
decision made. 

 
Data of measurement instrument, MI-2 analysis spreadsheet.  

The assessment of the quality of a resource allocation was, to a large extent, 
improved by the new software module in the PMIS. Specially developed for this 
research, the PMIS provided an overview of which task was executed and which higher 
priority tasks were skipped. The new software module allowed the researcher to present 
all details about the tasks executed based on the data provided by the PMIS on request 
during the meeting. Thus, the software module improved the efficiency of the meetings. 
It also improved the preparation of the meetings.  

As mentioned in the measurement description in paragraph 11.2.2, the items that 
required an explicit discussion with the team were marked during the last two months 
of the data-gathering phase. From the 95 cases in these months that were not 
automatically classified as J-P, 23 cases were marked to be discussed. The other 72 
cases, of which a reason was filled in by the senior engineer, were also shown to the 
team but were never argued. For the other cases, the team provided the reasons and 
came to a classification. At this stage, this happened instantly and unanimously. 
Typically, the reasons could be described in a few words, which all participants 
understood. Unfortunately, we could not assess the unknown cases since the argument 
for deviating was lost in memory, which happened in 4% of the cases. Nevertheless, 
based on the analysis of MI-2, we can conclude that the participants had no difficulties 
assessing the quality of the resource allocation decisions. 

 
Data of measurement instrument, MI-3 guideline interviews. 

We analysed the questions related to the ability of the participants to deviate from 
the task list priorities and how deviations were perceived by their team members. We 
found 21 related statements in the interview (Appendix G.3). None of them expressed 
any difficulties with deviating from the task list. We selected four statements which are 
listed below. Statement 1 expresses that accepting an argument is also related to trust 
and respect; their fellow team members agree with the deviation of engineer-1 based on 
his experience and ability to make the right decision. Statement 2 expresses that it is 
also not an issue to assess that the quality of the allocation decision is not acceptable. 
Statement 3 shows that the justification of deviations is an accepted part of the allocation 
process. Also, the manager has no problem with the justification of deviations from the 
task list. From the interviews, one can see that this happens in an open, trustful 
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atmosphere without any signs that the participants have difficulties judging the quality 
of the allocation decisions.   

 
Statement 1:  

 Researcher: “Do the others understand why you deviate?” 

 Engineer-1: “Nah, no, it isn’t. There is also certain confidence. We are not just going to do anything.” 

Statement 2: 

The researcher speaks about deviation from the task list 

Engineer -2: “I have noticed that I deviate from it [the priority list] every now and then. …. But when it 

is discussed afterwards, then yes ... maybe I should not have deviated.” 

Statement 3: 

Researcher: “How do you find that if you have to justify deviations?” 

Engineer:-3: “Yes, that is part of it. However, to me, the priority list is sacred.”  

Statement 4: 

Researcher: “About deviations. How do you assess if they do it well?”  

Manager: “Usually, I understand the reason, and most of the time, I can quite agree with it. Then I see 

that the overall processes are often the problem.” 

 
Regarding the degree of difficulty in assessing the quality of the allocation decision, 

we can state that the engineers only need a few words from the decision-maker to 
understand the arguments. In general, acceptance of the arguments happened 
unanimously and instantly. We did not see any inconsistency in the classification of 
arguments. No evidence that questioned the reliability of assessment of the allocation 
decision quality by the team members was found.  

 

Goal-2: Conclusions and discussion 
We can conclude that after a learning curve at the start, the vast majority of the 

arguments for deviating from the heuristics were accepted as a justifiable deviation and 
that the participants had no problem judging the quality of the resource allocation 
decisions. There was consensus about the decisions made, and the classification process 
was consistent.  

The data collection started when the PMIS was operational with all processes in 
place. Although the processes were stable and frozen, we see at the start of data-
gathering (Figure 11-3) a steep decline in non-justifiable (red) deviations from the task 
list. This considerable variation could indicate that the data collection started too early. 
On the other hand, the number of justifiable deviations, the yellow part of Figure 11-3, 
remained relatively stable. During the entire six-month data-gathering period, the 
number of justifiable deviations remained about 20%.   

These justifiable deviations indicate effective anchoring and adjustment 
mechanisms, an essential part of our design proposition (see par. 6.3.2). If the number 
of deviations is low, one can hardly speak about priority list adjustments, and when it 
is very high, one can hardly speak about an anchor. Without having an exact boundary, 
we regard 20% of deviations sufficient to base our analysis on. 
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The data analysis based on Figure 11-3 shows that the green part, indicating that the 
priorities are respected, increased significantly at the cost of non-justifiable deviations 
(red) from the priority list. This indicates that the team learned to improve resource 
allocation decisions over time, which is the intended output of the design proposition’s 
learning intervention.   

The relatively stable number of justifiable deviations, the yellow part, indicates that 
the local decision-makers are deviating from the heuristics for the right reasons 
consistently. The required deviations indicate that the anchor alone, by means of the 
priority list, is insufficient and that the local decision-makers are capable of making 
adjustments that their peers approve. Our design proposition’s intended output is that 
local decision-makers deviate for the right reason to make improved resource allocation 
decisions. The justifiable deviations are not a temporary effect. The post-interview (see 
Goal-6) indicated this behaviour remained after twelve-month usage, long after the 
researcher’s involvement ended.  

11.3.3 Data analysis Goal-3: Defining if the arguments are so diverse that they 
are hard to manage or to embed in scheduling heuristics 

When dealing with Goal-2, we saw that the number of justifiable arguments to 
deviate from the task list remained stable over measurement while the number of non-
justifiable deviations decreased over time until they became an exception.  

Based on the design proposition, we stated in paragraph 9.5.3 that it is expected that 
arguments are so diverse that they are hard to manage or embed in scheduling heuristics. 
This is also why we defined this measurement goal. We will start by analysing the data 
stated in the GQM in the table below. 

Table 11-6 GQM to log the diversity of deviations from heuristics 

Goal-3 

 

Viewpoint 

Defining if the arguments are so diverse that they are hard to manage or embed in 

scheduling heuristics  

Decision-maker 

Q-3 

M-4 

What types of arguments are given to deviate from the scheduling heuristics? 

Degree of the diversity of arguments  

(measurement instruments: MI-4 event logging, MI-3 guideline interviews, MI-2 analysis 

spreadsheet; measured qualitative) 

Source: Table 9-4 for GQM and Table 9-9 for the measurement instruments 

M-4 Data analysis to define the degree of the diversity of arguments 
The data analysis contains three steps: Step 1 collects the resource allocation 

arguments from various sources of evidence. Step 2 classifies the resource allocations 
arguments, which is required to analyse the diversity of the arguments and the 
management actions in step 3. 
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Step 1: Collecting data  
• The analysis spreadsheet (MI-2) provided 259 cases with a justifiable reason (class 

J-NP & J-P); this resulted in 283 arguments. Note that 1 case can have multiple 
justifiable arguments. The arguments can be found in Appendix C.2 

• The analysis spreadsheet (MI-2) provided 67 cases with a non-justifiable reason 
(class NJ-NP); this resulted in 67 resource allocation arguments. The number of 
cases is equal to the number of arguments since we stopped asking as soon as one 
non-justifiable argument was raised. The arguments can be found in Appendix C.1 

• Text analysis of the guideline interviews (MI-3) provided no additional arguments. 
The interviewees also found it difficult to recall specific examples. 

• Text analysis of the Event log (MI-4) provided 24 additional arguments collected in 
the moving phase prior to using the analysis spreadsheet in the data collection phase. 
These arguments were collected during the team meetings and registered in the event 
log. An overview of these arguments is given in Appendix B. 

 
Step 2: Classification of the resource allocation arguments 

The arguments were classified by the researcher guiding the implementation. The 
other two research workers of the research team classified all the collected arguments 
by similar grouping arguments based on text analysis. In Table 11-7, the list of non-
justifiable arguments is given. Table 11-8 shows the list of justifiable arguments. Each 
table differentiates between the items collected in the moving phase by the event log 
and the items gathered in the data collection phase in the analysis spreadsheet. 

Table 11-7 Classification of Non-Justifiable arguments 

Item Argument Class Event-log 
items 

Analysis- 
Spreadsheet  

Total 
occurrences 

1 Official channel by-passed to work on CR/PR 2 23 25 

2 I can't resist helping others 1 17 18 

3 Too much spent on PR/CR  17 17 

4 Project stage-gate ignored 1 5 6 

5 Pushed by management  3 3 

6 No valid reason given  2 2 

7 Priority list ignored 1 0 1 

 Total 5 67 72 

Source: Analysis spreadsheet MI-2 and Event log MI-4, see Appendix C.1 

Table 11-8 Classification of Justifiable arguments 

Item Argument Class Event-log 
items 

Analysis- 
Spreadsheet  

Total 
occurrences 

 Highest priority task Not measured 54 54 

1 Allowed non-project work  32 32 

2 Process can't be planned 2 30 32 

3 Wrong planning: this task has prio 3 29 32 
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Item Argument Class Event-log 
items 

Analysis- 
Spreadsheet  

Total 
occurrences 

4 No material available on higher prio task 2 24 26 

5 Support field test 5 19 24 

6 Good multitasking to get others going 4 16 20 

7 Urgent issue; product failure 1 17 18 

8 Minor prio difference within same project  13 13 

9 Libero assigned to help others  11 11 

10 Assigned responsibility  9 9 

11 Assigned resource did not have expertise  5 5 

12 Waiting for approval  5 5 

13 Project skipped not approved by mng  4 4 

14 Risk of image damage 2 2 4 

15 Allow higher prio task to start  3 3 

16 Requirements of skipped task not clear  3 3 

17 Random opportunity  2 2 

18 Rework on closed task  2 2 

19 Training purpose  2 2 

20 Misaligned planning between projects  1 1 

 Total 19 283 302 

Source: Analysis spreadsheet MI-2 and Event log MI-4, see Appendix C.2 

Step 3a Analysis of the diversity of the non-justifiable arguments and the management 
actions related to them. 

Although our focus is on managing justifiable arguments, we also analysed the non-
justifiable arguments. Table 11-7 and Table 11-8 show clearly that the diversity of non-
justifiable arguments is less than the justifiable arguments.  

The majority of the non-justifiable arguments are related to disobeying the defined 
development process. The phrase from one of the engineers, “Can’t resist helping 
others”, expresses that these deviations were done with the best intentions. The 
engineers were very engaged with the organisation, and if a problem occurred, they 
wanted to fix it. However, according to management, they spend too much time working 
on change requests and problem reports; ignoring directives from management brought 
the delivery of projects in danger and resulted in unofficial channels within the 
organisation to “get things done”.   

We did this analysis throughout the entire data collection phase. When the team and 
management were confronted with the high number of non-justifiable deviations, they 
took some measures to adapt the process. These actions significantly decreased the 
number of non-justifiable deviations. We will discuss the learning effect of these 
management actions in detail when considering the next measurement goal. For now, 
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we conclude that the organisation managed to reduce the non-justifiable reasons 
effectively to the level that it became an exception.  

 
Step 3b: Analysis of diversity of the Justifiable arguments and the management actions 
related to them 

As mentioned in the previous section, the diversity of justifiable arguments is much 
larger than of the non-justifiable arguments. However, even within one justifiable class, 
we see significant diversity. For example, when analysing the reasons for the class 
“wrong planning; this task has prio” (item number 3 in Table 11-8), we see 20 various 
reasons why the planning is wrong (Appendix C.2). This was too diverse to manage, 
costing them too much effort to update the planning each time. As a management action, 
they decided not to adapt the planning at each deviation and accepted that the planning 
was not reflecting their priorities from time to time. As long as the team and the manager 
kept the overview, they were satisfied. Despite these planning errors, all participants 
still agree that the priority list serves as a “red thread” to guide their work.  

The only thing the team wanted to change was to show the “Urgent issue; product 
failure” (item number 7 in Table 11-8) cases at the top of the priority list. To do so, we 
related these tasks to a milestone in the past. As a result, these tasks jumped the queue 
and ended on top of the priority list. This helped the team see that this issue required 
immediate attention.  

Some processes are also hard to fit into a schedule (item number 2 in Table 11-8), 
like the example at Goal-2 where the researcher asked, “You don’t get them in a 
schedule?” and the engineer answered, “That’s right; that is impossible.” In those cases, 
the engineer is much more capable of defining a plan based on his local knowledge than 
an algorithm.  

The diversity is also expressed at the bottom of Table 11-8, like the “random 
opportunity”, where a foreign supplier was in the neighbourhood to support the team. 
Although the task had a very low priority, it helped them in the long term. Another 
example is the class “risk for image damage”. In that case, the engineer expressed that 
he “felt” that a small problem in the field could turn into a major problem that would 
harm the reputation organisation and fixed the problem instantly. 

A justifiable argument does not mean that this is desired in the organisation, e.g., it 
is justifiable to skip a task if no material is available, but it is not a wanted situation. To 
manage these unwanted but justifiable reasons, we found one improvement action to 
visit the suppliers to discuss their poor delivery performance. Together with the action 
to put urgent issues on top of the list, we could reveal only these two actions from the 
event log to manage the justifiable actions.  

 
Goal-3: Conclusions and discussion 

The conclusion is that the justifiable arguments are so diverse that they are hard to 
manage or to embed in scheduling heuristics. On the other hand, the diversity of non-
justifiable arguments is limited, and effective management actions can be defined to 
reduce non-justifiable deviations. To 75% of all the collected arguments, a top-10 
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argument was applicable. The diversity was related to the remaining 25%, divided over 
17 argument classes.  

For the vast majority of the cases, no management actions are defined at all, and the 
management actions that were determined were meant to set boundaries for the 
decision-makers within which they had the freedom to make their own decisions.  

None of the arguments, either justifiable or not, gave rise to changes to the 
scheduling heuristics. The non-justifiable reasons were related not to the heuristics but 
to organisational processes, which required management action and attention. The 
justifiable reasons to deviate from the heuristics are so diverse that it is hard to embed 
them in the algorithms. Even if embedded in the algorithms, it would also have a limited 
effect since the chance that the same reason occurs again is relatively limited. The 
variety and nature of the justifiable arguments indicate that the local decision-makers 
use their local knowledge effectively to make improved resource allocation decisions, 
which is the intended output of the authorisation intervention. 

The number of justifiable arguments is not declined over time; they remain about 
20%. If they cannot be embedded in the algorithms, the decision-makers have to deal 
with them permanently, and the results show they are capable of doing so.  

 

11.3.4 Data analysis Goal-4: Examining if a learning effect is visible 
In the design proposition, we defined an intervention to facilitate the learning process 

to help the organization improve their resource allocation decisions. Following the data 
analysis approach, as described in paragraph 9.5.4, we will analyse the data of M5 and 
M6, as stated in the GQM in the table below. Additionally, we analyse to what extent 
the management actions affect the acceptance of resource allocation decisions over 
time. 

Table 11-9 GQM to log if a learning effect is visible 

Goal-4 

Viewpoint 

Examining if a learning effect is visible. 

Team related to the decision-maker. 

Q-4 

M-5 

 

 

Q-5 

M-6 

Does the acceptance of resource allocation decisions increase over time?   

The number of justifiable and non-justifiable resource allocation arguments over time. 

(sources of evidence: analysis spreadsheet based on the PMIS-same as M2-; measured 

quantitatively) 

Does the degree of difficulty assessing decisions decrease over time? 

The evolution of the degree of difficulty to assess decision quality over time. 

(sources of evidence: event logging, guideline interviews, analysis spreadsheet -same as 

M3-; measured qualitatively) 

Source: Table 9-5 for GQM and Table 9-9 for the measurement instruments 

M-5 Data analysis to define the number of justifiable and non-justifiable resource 
allocation arguments over time 

The evolution of the number of justifiable and non-justifiable resource allocation 
arguments over time is displayed in Figure 11-3 |(par. 11.3.2) based on the analysis-



206      Chapter 11 

spreadsheet data. At Goal-2, we already concluded that the number of justifiable 
arguments increased over time at the cost of the non-justifiable justifiable arguments. 
This indicates that the team has learned to make improved resource allocation decisions 
over time.  

Presenting many non-justifiable task list deviations at the early stages of the data 
collection phase was eye-opening for the management team. This case study helped the 
organisation visualise their (unwanted) behaviour and define management actions to 
correct it. Changing the unwanted behaviour required companywide management 
actions. The top management of MDX supported these initiatives actively and was very 
involved in embedding them throughout the whole organisation. In total, 37 
improvement actions were initiated by the team (Appendix B). 26 of these actions took 
place during the moving phase. Although these improvement actions are a sign of 
learning, we witnessed no effect in the collected data since they matured before the 
freezing phase. 13 actions were initiated just before and during the freezing phase 
(Appendix B, Table B-3). Seven of these actions could not be related to the collected 
data. For the other six actions, the Goal-3 data analysis revealed as an extra catch that 
these actions could be related to the non-justifiable arguments. Table 11-10 gives an 
overview of these management actions. 

Table 11-10 Management actions to reduce the number of non-justifiable deviations from the task list  

Non-justifiable 
arguments 

Management action Timeframe 

I can’t resist helping others Assigning a libero to deal with disturbances from 

other departments  

August-September 

Official channel by-passed 

to work on CR/PR 

 

Excessive non-project 

activities 

Introducing change request (CR) and problem 

report control (PR) board 

Max of 15% of spent hours allowed on PR and 

CRs. 

 

July-August 

 

September 

Priority list ignored 

No valid reason was given 

The manager uses the priority list during team 

meetings 

September 

Project stage-gate ignored 

 

Clear project priorities from the management team  

Tight control of management on the stage-gate 

model 

 

April 

August 

Source: The arguments from Table 11-7. The management actions from MI-4, the event log 

Although we did foresee analysing the event-log in our GQM, it is interesting to 
check if these management actions can be related to reducing a specific class of non-
justifiable arguments, indicating that the organisation is learning. To analyse this, we 
displayed the non-justifiable reason occurrences over time in Figure 11-4 and Table 
11-11. These bars’ size is equal to the (red) non-justifiable bars of Figure 11-3 but now 
detailed per non-justifiable argument.  
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Figure 11-4 Non-justifiable deviations from task list over time 

Table 11-11 Non-justifiable deviations from task list over time 

Non-Justifiable Class Jul. Aug. Sep. Oct. Nov. Dec. 

Official channel by-passed to work on CR/PR 24% 20% 11%    

Too much time spent on PR/CR   6% 15% 4%  

I can't resist helping others  24% 7% 6% 2% 2%  

Project stage-gate ignored 4% 7% 1%    

Pushed by management    2% 1% 2% 

No valid reason given  2% 1%    

Total Non-justifiable arguments 52% 37% 26% 18% 7% 2% 

Source: Automatically generated by the Analysis spreadsheet MI-2, see also Appendix C.1 

Concluded in terms of the measurement Goal-2, we see that the number of non-
justifiable deviations declines over time. Relating different classes of non-justifiable 
deviations to the management actions, we see the following: 
• The change request (CR) and problem report (PR) control board introductions in July 

and August have a visible effect. The engineers worked almost only on PRs and CRs 
approved by the board from that moment on. However, a negative side effect was 
that the engineers spent too much time on those approved items.  For this reason, a 
KPI was introduced in September of allowing a maximum of 15% of the time spent 
on PRs and CRs. That worked well for a month, but the engineers returned to their 
old habits in October. Based on the October reports, corrective actions were taken 
by management by focusing on adherence to the process. Since then, the process has 
been under control. 

• The class “can’t resist helping others” stands for all cases where someone from the 
organisation appears unexpectedly at an engineer’s desk asking questions. To handle 
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these ad-hoc disturbances, an engineer was assigned in turns on a weekly basis. This 
engineer was called the “libero” (“vliegende keep” in Dutch), and his task was to 
keep as many disturbances away from the other team members as possible. The effect 
of this measure depended on the libero in place, but in general, the non-justifiable 
disturbances by other departments reduced rapidly.  

• To prevent engineers from working on the “unofficial” project, we asked 
management to come up with a list of project priorities. To execute these projects, 
they have to follow a stage-gate model. Each stage requires management approval 
to allow additional investments. This also allowed management to stop unfeasible 
projects early before too many investments were made. These stage gates are 
visualised very well in the priority list, and the engineers were confronted with their 
behaviour if they skipped a stage-gate. After two months, this behaviour did not take 
place by the engineers, although we did see a few attempts by managers to bypass 
the process and to push the engineers to work on their pet projects. 

• The innovation department manager actively used the priority list as a reference in 
their weekly team meetings to maintain focus on the established process. This action 
prevented engineers from ignoring or not paying attention to the priority list. The 
engineers are still allowed to deviate from the list, as long as they have good reasons. 

 
Text analysis to manage justifiable arguments revealed only one action to improve 

the material delivery by visiting the suppliers. The justifiable arguments appear to be so 
diverse that they are hard to manage.  

 
M-6 Data analysis to define the evolution of the degree of difficulty to assess decision 
quality over time 

As stated in the GQM of Table 11-9, the second question is whether the degree of 
difficulty to assess decision decreases over time. During the M-3 data analysis of Goal-
2 (par. 11.3.2), we found no evidence that it was difficult to assess the resource 
allocation’s quality. Except for some discussions in the first two sessions in the moving 
phase, the team members assessed arguments instantly and unanimously. The sources 
of evidence provide no additional information for Goal-3. We can conclude that the 
team learned very fast to assess the quality of a resource allocation decision. We found 
no indication that the data could not be regarded as reliable. 
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Goal-4: Conclusions and discussion 
We conclude that a learning effect is visible based on the decreasing number of non-

justifiable decisions over time. These results are in line with the expectations, as stated 
in par. 9.5.4. 

The participants learned in two sessions to assess the quality of the resource 
allocation decisions. This was faster than expected. We did not see any indications that 
the participants had difficulties judging the quality of the decisions. In general, the 
assessments were done instantly and unanimously, which gives no reason to doubt the 
quality of the analysed data.  

The organisation learned to improve their decisions by analysing the resource 
allocation process and taking action based on the non-justifiable decisions. The results 
show that the specific non-justifiable arguments on which a management action is taken 
reduce from that moment on significantly. Furthermore, if the action had a side effect, 
additional actions were defined to the level that the task list’s non-justifiable deviations 
became an exception.   

The results express a Plan-Do-Check-Act Deming cycle approach; MDX introduced 
the resource allocation process change (plan), applied it in action (Do), analysed the 
result (Check), and defined management actions to improve the process (Act).  

11.3.5 Data analysis Goal-5:  Determining whether the operational guidelines are 
understood, accepted, and actually applied by those involved 

The purpose of this analysis is to determine if the operational guidelines are 
understood accepted and if the participants act according to the respective guidelines as 
intended by the design proposition. The guideline interview is designed to answer the 
questions stated in the GQM in the table below. We follow the data analysis approach, 
as described in paragraph 9.5.5, 

Table 11-12 GQM to determine whether the operational guidelines are understood, accepted, and actually 

applied   

Goal-5 

 

Viewpoint 

Determining whether the operational guidelines are understood, accepted, and actually 

applied by those involved.  

All involved participants 

Q-6 

 

Q-7 

 

Q-8 

M-7 

To what extent have the interventions contributed to improved motivation? (Authorisation 

intervention) 

To what extent has local situational information been used when making 

decisions/choices? (Reference intervention) 

To what extent have people learned anything (useful)? (Learning intervention) 

The extent to which the guidelines are understood, accepted and applied by those involved. 

(Measurement instruments: MI-3 guideline interviews, MI-4 event logging, MI-2 analysis 

spreadsheet) 

Source: Table 9-6 for GQM and Table 9-9 for the measurement instruments 
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M-7 data analysis to determine whether the operational guidelines are understood, 
accepted, and applied   

The data analysis of this goal is extensive. Since the process is identical for each 
guideline, we decided to describe only one guideline in this section. The analysis of the 
other guidelines can be found in Appendix D-1. The overview of the results of the data 
analysis per operational guidelines is given in in the table below.  

Table 11-13 Data analysis overview Operational guidelines 

Intervention Operational Guide-
lines 

Accepted and Understood and Applied 

I-1  

Authorisa-
tion interven-
tion 

G-1 Humans make the 

final resource allocation 

decision. 

Yes. Human input is seen by the interviewees as necessary and 

preconditions to make the right resource allocation decision. 

The priority list is seen as a guideline in this respect. 

G-2 Decision-makers 

must have access to lo-

cal knowledge. 

Yes. The participants do not only have access to local 

knowledge, but they also apply it in their resource allocation de-

cision-making. This guideline is considered a requirement by 

the participants for making good resource allocation decisions. 

G-3 Make the resource 

allocation decision close 

to the moment of task 

execution. 

Yes. It is ingrained in the resource process that the allocation 

decision takes place close to the moment of the task execution. 

Furthermore, the participants also indicate that following a for-

mal resource allocation process leads to an unnecessary and un-

acceptable loss of time. 

G-4 Decision-makers 

should be authorised to 

make resource alloca-

tions decisions on oper-

ational level. 

Yes. The manager gives the employees the authority to deal 

with the resource allocation at operational level and explicitly 

states that this is their task. Furthermore, it also appears that the 

participants want to make allocation decisions themselves, and 

the evidence shows that they handle it sensibly. In fact, the par-

ticipants would rather not have the manager tell them what to do 

in detail. 

G-5 Project tasks are al-

located to resources in-

stead of the other way 

around. 

Yes. Implementing this guideline was no burden since this was 

already an accepted process from the past because, at MDX, the 

project tasks were already allocated to resources. The applica-

tion of the priority list has made this process more explicit. 

I-2  

Reference  
intervention 

G-6 Scheduling heuris-

tics must be used as a 

reference for the re-

source allocation deci-

sion. 

Yes. All participants are (very) positive about the usage of the 

priority list. The participants see the heuristics as a valuable ref-

erence to base their resource allocation decision on. In addition, 

the manager plays a vital role in the acceptance by using the pri-

ority list as a reference during team meetings. 

G-7 Scheduling heuris-

tics can deliver an ac-

ceptable benchmark for 

supporting the organisa-

tion’s objectives. 

Yes. All participants indicated that the priority list is a good 

guideline to prioritize their work. To make the list “perfect” is 

unnecessary and even unwanted since it will cost too much ef-

fort to realize this. The dynamics in the multi-project environ-

ment are so high that the heuristics optimisation is optimization 

within the noise of the system. 

G-8 Scheduling heuris-

tics should be easy to 

use, understand, imple-

ment, and maintain. 

Yes. The engineers do the detailed planning all by themselves, 

something they had never succeeded in the past. The engineers 

also feel more engaged in the planning process; now, it is easy 

to set up and maintain planning. 

G-9 The decision-mak-

ers are allowed to devi-

ate from the scheduling 

Yes. The participants consider deviating from the priority list 

“necessary” because not everything can be captured in a plan. In 

particular, the emphasis on responsible deviation is an expres-
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Intervention Operational Guide-
lines 

Accepted and Understood and Applied 

proposed by the heuris-

tics. 

sion that the participants have understood and accepted this 

guideline. 

I-3  

Learning  
intervention 

G-10 Frequently assess 

if the arguments for de-

viating from the heuris-

tics are accepted as a 

justifiable deviation. 

Yes. The frequent analysis of the resource allocation decision 

arguments is regarded as valuable to the organization. The par-

ticipants learned to make satisficing resource allocation deci-

sions by analysing why a resource allocation is made. In addi-

tion, the manager uses the priority list in his weekly meeting to 

discuss the resource allocation decisions made, providing the re-

quired insight into the resource allocation process.  

G-11 Periodically evalu-

ate the decision-making 

process and analyse the 

type of reasoning. 

Yes. The analysis takes place by considering the resource allo-

cation process in general. The team analyses the deviations from 

guideline G-10 and define action based on these results. Thus, a 

process of “continuous learning” is in motion, and structural ac-

tions are frequently imposed to improve the resource allocation 

process. 

 
We start with the data analysis of our example, followed by the overall conclusion 

and discussion of Goal-5. 
 

M7 Data analysis example of G-2: determine to what extent decision-makers must 
have access to local knowledge. 

The objective of the data analysis is to determine if this guideline is understood, 
accepted, and actually applied by those involved or if the organisation acts in 
accordance with this this guideline. For the data analysis we examine three different 
sources of evidence per guideline: MI-3 guideline interviews, MI-4 event logging, 
and MI-2 analysis spreadsheet. As described in the data analysis approach (par. 
9.5.5) we first classified the operational guideline interview statements per 
guideline. We used text analysis to determine per guideline whether it has been 
understood, accepted, and applied by the interviewees. To analyse the event log and 
the analysis spreadsheet, we apply text analysis. Based on the results of the analysis 
of multiple sources of evidence we draw a conclusion if the operational guideline is 
understood, accepted, and actually applied by those involved. A short summary of 
this conclusion is included in the data analysis overview of the operational 
guidelines as shown in Table 11-13. For the full description of data analysis 
approach of Goal-5 we refer to paragraph 9.5.5. 

The remaining part of this paragraph describes the analysis process of guideline 
G-2 as an example. (We did not opt for guideline G-1 since it was the most trivial 
guideline to analyse). Appendix D.1 provides the full data analysis of all guidelines. 
 
M-7 data of measurement instrument, MI-3 guideline interviews.  

The first source of evidence to analyze is the transcriptions of the guideline 
interviews. The result of the text analysis of the interview statements regarding this 
guideline is shown in the table below. 



212      Chapter 11 

Table 11-14 Interview statements guideline G-2, decision-makers must have access to local knowledge
1
 

Who Question Statements indicating whether local 
knowledge is a required 

Is there access to local 
knowledge?  

Eng-1 

 

Do you need very 

concrete knowledge 

to decide which task 

is best for you to take 

on? 

“Yes, because you are talking about feel-

ers; like, come on people, we have to 

move forward, something has to be or-

dered, and you have delivery times. 

Ehhh, well, yeah, you have to be in the 

same tactic, so our engineer-5 should be 

able to have that insight. 

But in terms of service, Okay, but I have 

twenty years of experience there. So, 

there you can feel where the pressure is.” 

  Yes, the claim is that there 

is particular knowledge re-

quired that is gained by ex-

perience. 

Could the manager 

decide which task to 

take on? 

“He is just different in it. He is on the 

numbers and not on feeling. So that is dif-

ficult, and then other decisions are made.” 

Yes, steering on figures 

makes it difficult to make 

decisions. You need “the 

feeling.” 

Eng-2 What is it that you 

cannot plan every-

thing? 

“Sometimes, you have to pick up those 

things immediately.  Things you have 

such feeling about that if I don't pick this 

up now…I know that is important. I can 

first go through the system of how it 

works out in my planning. But I know if I 

am going to do that, then there is only a 

loss of time because it is a severe prob-

lem.” 

Yes, you need “the feeling” 

when deciding if a task is 

essential to allocate yourself 

to. 

Eng-3 

 

You also deviate 

within the projects. 

Do you need specific 

knowledge for that? 

“That is a feeling and knowledge that you 

then ... sometimes you have to let go of 

something and switch to a different task 

because you know something is going on. 

“ 

Yes, Again, you need “the 

feeling” when to decide if a 

task is essential to allocate 

yourself to. 

Can you give exam-

ples of deviation deci-

sions? 

“Well, that isn’t easy. Real examples.... 

The examples that happen then… That is 

difficult. There are so many things, so 

many things.” 

Yes. This is also an example 

that local knowledge is tacit. 

Eng-4 

 

Can a planner from 

outside the depart-

ment decide what to 

do? 

“I think that it is complicated to find the 

right person for that.” 

Yes, the claim is that a plan-

ner who is not part of the 

team cannot decide. 

How should he deter-

mine whether the de-

viation is correct? 

‘It's more of a feeling. So, yes, it is indeed 

difficult to describe that.” 

Yes. It is a feeling, and the 

information is tacit. 

Eng-5 

/plan–

ner 

Do you need specific 

knowledge to decide 

which task is best for 

you? 

“Yes, you need to know the context. That 

is often with the person who has to imple-

ment it, not with the person who follows 

Yes, context knowledge is 

required is only present in 

the team.  

 
1
 Statements are translated from Dutch to English 



Case Study Data Analysis    213 

 

Who Question Statements indicating whether local 
knowledge is a required 

Is there access to local 
knowledge?  

 that project little or not at all. He does not 

have that knowledge.” 

Could you decide 

which task they 

should pick from the 

priority list for an-

other discipline? 

“It is difficult for mechanics. For soft-

ware, completely not [possible] at all.” 

Yes, even impossible for 

people from other disci-

plines to make decisions. 

Can you transfer the 

context? 

“Very difficult. There are so many hours 

that you have to put into the meetings. 

You should not do that. That is just a 

waste of time.” 

Yes. The knowledge is tacit 

and difficult to transfer. 

Mana-

ger 

How do you assess 

whether they deviate 

properly? 

“Usually, I understand the reason, and 

most of the time, I can entirely agree with 

it. However, I see that the overall pro-

cesses are often the problem.” 

Yes, the manager under-

stands the engineers also be-

cause he was an engineer in 

the same team before. 

 

 

The interview analysis shows that all interviewees have access to local 
knowledge. It is considered a requirement to make the right resource allocation 
decision. This is evident from statements such as having “feelers”, “feeling”, “the 
same tactics”, knowing the “context” and “experience” to determine which task is 
best for you. This also makes it difficult for someone else to make the resource 
allocation decision, even within a small team, one person soon has “no knowledge 
of our business”, or it is “difficult” and even someone from another team within the 
same department is considered “not at all” capable of making resource allocation 
decisions. It is also very explicitly described that transferring local knowledge is 
“very difficult” and time-consuming that it is actually a “waste of time”. 

In itself, it is indicated that the manager has sufficient local knowledge to make 
resource allocation decisions because he used to be a member of the team. However, 
other engineers doubt if the manager the right context knowledge to make the right 
operational decisions. 

Having more local knowledge does not lead to better task performance by 
definition. It is also seen as a burden; the most experienced employees complain that 
they are disturbed continuously because they know “too many things”. The manager 
also indicates that focusing on local knowledge does not always serve the interests 
of the company, although the employees themselves think so. 

We did not find any evidence that a participant does not apply his local 
knowledge to make resource allocation decisions.  
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M-7 data of measurement instrument, MI-3 event log. 
Text analysis of the event log revealed evidence expressing that the decision-

makers have access to local knowledge and that they also need this to make 
satisficing resource allocation decisions. The manager gives them the freedom to 
make these decisions. The fact that the manager also relies on this knowledge is 
expressed in this case: 

Researcher: “Is the [priority] list correct? 

Engineer: “The right project has the highest priority, only the priority of the tasks is difficult 

to plan because you carry out a certain aspect each time and not all aspects occur in all 

tasks.” 

Team: All team members started to discuss first how the planning could be adapted, 

secondly if it was needed to adjust the planning. Finally, the team concluded that the order 

of tasks was not crucial in this case and that it was sufficient that the total scope was clear.  

Researcher: “You don’t get them in a schedule?” 

Engineer: “That’s right; that is impossible.” 

Manager: “A manager does not go after this; you have to arrange this yourself.” 

We did not find any evidence that a participant does not apply his/her local 
knowledge to make resource allocation decisions.  
 
M-7 data of measurement instrument, MI-2 analysis spreadsheet. 

The arguments stated in the analysis spreadsheet express that all decision-makers 
have access to local knowledge. They describe in the vocabulary of the engineer 
why they deviated from the list. We did not find any evidence that a participant does 
not apply his/her local knowledge to make resource allocation decisions.  
 
Goal-5, guideline 2: Conclusions and discussion 

In conclusion, it can be stated that all participants act in accordance with this 
guideline. Not only do the participants have access to local knowledge, but they also 
apply it when making resource allocation decisions. We have not found any 
evidence that a participant does not apply his/her local knowledge to make resource 
allocation decisions. Based on the congruence of all statements within and between 
the sources of evidence we have reasons to assume that the outcomes of the data 
analysis are reliable.  

The participants considered having access to local knowledge a requirement for 
making good resource allocation decisions. The participants indicate that this local 
knowledge is difficult to transfer to another decision-maker. They describe that the 
required knowledge to make a decision is very context-specific, practice-based, 
based on years of experience, tacit and volatile. These findings are in line with 
Yanow's  (2004, p 10) local knowledge characteristics as described in Table 5-2 in 
our theoretical basis (par. 5.6).  



Case Study Data Analysis    215 

 

Goal-5: Conclusion and discussion 
All operational guidelines are understood and accepted, and the participants and 

organisation act according to the respective guidelines as the design proposition intends. 
Based on all statement congruence within and between the sources of evidence, we have 
reason to assume that the data analysis outcomes are reliable.  

The engineers are very positive about the usage of the priority list. They praise the 
list's guidance and the freedom to deviate from the list. The engineer’s motivation to be 
involved in the planning process is also expressed by the manager, who is pleasantly 
surprised that the engineers do the detailed planning now by themselves, something they 
never succeeded in the past. To answer GQM question Q-6, we can conclude that the 
interventions contributed to improved motivation for all participants. The analysis of 
guidelines G-4, G-6, G-8 and G-9, in particular, show numerous signs of evidence of 
improved motivation. All the participants are able, willing and authorised to make their 
own allocation decisions. The data analysis reveals that they responsibly do this. This 
is also expressed in answer to question Q-7: To what extent has local situational 
information been used when making decisions? All participants agree that local 
knowledge is essential to make sound resource allocation decisions. The knowledge 
used to decide is context-specific, practice- and experience-based. However, the 
knowledge is tacit and volatile, making it difficult to be transferred to another decision-
maker.  

The last question is Q-8: to what extent people have learned anything (useful)? The 
participants learned to make satisficing resource allocation decisions by analysing why 
resource allocation is made together with the team. These analyses set “continuous 
learning” in motion and frequently imposed actions to improve the resource allocation 
process. 

11.3.6 Data analysis Goal-6: Specifying the additional value for the case study 
candidate in applying the design proposition 

Following the data analysis approach, as described in paragraph 9.5.6, we will 
analyse the data of M8 as stated in the GQM in the table below. 

Table 11-15 GQM to define additional value for the case study candidate in applying the design proposition 

Goal-6 

 

Viewpoint 

Specifying the additional value for the case study candidate in applying the design 

proposition. 

Case study participants (Q-10 only), Management (Q-9&10) 

Q-9 

Q-10 

 

M-8 

At the start of the case study: Is the pretended added value sufficient to invest? 

At the moment in time, looking forward or backwards: Is/was it worth the effort to 

implement and apply the design proposition? 

Statement if it is worth implementing and applying the design proposition. 

(measurement instruments: MI-3 guideline interviews, MI-4 event logging, MI-5 starting 

agreement, MI-6 exit Interview and MI-7 post verification interview; qualitative) 

Source: Table 9-7 for GQM and Table 9-9 for the measurement instruments 
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M-8 Data analysis to determine if it is worth the effort to implement and apply the design 
proposition. 

Following the data gathering approach, as described in paragraph 9.5.6, we measured 
on three separate occasions if it was worth the effort to implement and apply the design 
proposition:  
• At T0, the start of the implementation of the PMIS, to answer question Q8 
• At T1, the end of the six-month data collection phase, to answer question Q9 (looking 

forward) 
• At T2, after six months of independent usage, to answer question Q9 (looking 

forward and backwards) 
 

At T0-: Was the pretended added value sufficient to make the investment?  
The starting agreement (MI-5) with MDX is a commercial offer to implement the 

PMIS. MDX evaluated this offer as a genuine business management problem. The event 
log describes nine months, where MDX evaluated if the pretended added value was 
sufficient to invest (see the event log from July 2017 till February 2018). During this 
process, MDX agreed to participate in the case study. The case study had no impact on 
the commercial offer, although it could contribute to the trust in implementing the 
PMIS. Note that the research focused exclusively on the research question; the effect of 
local knowledge on the resource allocation process, which is only a small part of the 
entire implementation of the PMIS. 

Based on the signed contract at the start of the case study, we conclude that MDX 
regarded the pretended added value as sufficient to make the investment. 

 
At T1: Is it worth the effort to continue applying the design proposition? 

At the end of the data collection phase, we asked the participants in the exit interview 
if they wanted to continue applying the guidelines. We asked all the participants 
liberally, “What do you advise a new colleague who has to work with the priority list?”. 
They advised new colleagues to use the PMIS to guide their work. To the question “Do 
you want to continue on the same path?” the participants answered positively.  
 

“I want to continue with it 100%. The system, as it is now, provides a total 
planning overview and guidance with a list of priorities. It also created resistance to 

do smaller things in between. I think that has played a positive role in the total 
efficiency of the department.” 

(Manager X) 
 

All statements of the exit interview can be found in Appendix G.2. We found no 
evidence in any statement of the exit interview, the guideline interview, or the event log 
that the participants did not want to continue applying the design proposition guidelines. 
On the contrary, the analysis shows that even the engineers who were sceptic at the start 
would advise their new colleagues to apply the design proposition. 
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We did not ask the participants to look back if it was worth the effort (we came up 
with this question when preparing the post-verification interview). Looking forward, 
we can conclude that all participants find it worth the effort to continue applying the 
design proposition. 

The added value is also expressed in the MPM success criteria analysis (Appendix 
F.2). In this analysis, we compared the status of the resource allocation process before 
and after the case study. Although we did not foresee this analysis in chapter 9, it 
expresses to which extent the issues defined by MDX are resolved. As a framework, the 
MPM success criteria related to resource allocation were used as defined in chapter 4.  

This analysis makes it possible to conclude that after the case study, the mechatronics 
department complies significantly better to the success criteria1 Additionally, all issues 
identified initially by MDX (see par. 7.2) appeared to be addressed. This analysis 
indicates that MDX has a resource management process to a large extent under control 
which is an added value for MDX since this was their primary objective (see par. 7.2).   
 
At T2, looking forward and backwards: Is/was it worth the effort to implement and apply 
the design proposition? 

T2 is the measuring point 6 months after T1. We call this the independent usage 
phase since there was no researcher interference during this period to exclude bias. At 
point T2, we held a post-verification interview with the manager of the innovation 
department. The objective was to evaluate if MDX indeed continued applying the 
design proposition and finally verify if it is and was worth the effort to implement and 
apply it. 
 

To evaluate if MDX indeed continued applying the design proposition, we asked 
similar questions as in the guideline interview. As a result, some statements are given 
here: 
• Q: “Did you continue on the same path? “ 

Answer “Yes, I still have a weekly meeting with the electronics with the mechanics 
men. For both separately, I take the planning and start with the task list. So yes, I still 
do.” 

• Q: “At the time, you indicated that it [the PMIS] made your life easier. Is that still 
the case?”  
Answer: “Yes, absolutely.” 

• Q: “What have you learned or improved in the past six months?” 
Answer: “I have the feeling that people are really much better at providing a total 
plan. That in the past, they were mainly active at micro-level. Now we have to do 
that in the short term, now I have to do that in the short term, and now I think they 
all have more feeling and insight into a total project.” 
 

 
1
 Success criteria compliances mechatronics. Before: 5 compliances; 4 partially; 4 non-comp. After: 10 

compliances; 2 partially; 1 non-compl. 
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Based on these and other statements in the post-verification interview, we conclude 
that MDX still has been applying the design proposition.  

When asking the manager if he wanted to continue on the same path, he responded, 
“Yes”. To the question if it was, looking backwards, worth all the effort, the manager 
answered:  

 
Yes, I think so. I just see that we have more insight and overview and therefore rest 

on the given planning. In the past it was often short term. We couldn't look any further 
than a month or two months ahead, certainly not in combination with multi-project 
matters. So as far as I am concerned, the added value is large enough to continue. 

(Manager X) 
 

Based on the post-verification interview, we conclude that MDX still has been 
applying the guidelines, intend to continue, and looking backwards, MDX also finds it 
worth implementing the design proposition. After T2, there was still contact with MDX. 
In April 2021, the COO confirmed that the implemented processes were still applied. 
When presenting the case study results at the Goldratt Implementation Group 
conference in Antwerp November 2021, the COO was also present and confirmed all 
findings stated in this data analysis. 

 
Goal-6: Conclusion and discussion 

The data analysis shows that it is worth the effort for MDX to implement and apply 
the design proposition. Analysis of the various sources of evidence showed no 
indication that the data could not be regarded as reliable. Furthermore, the statements 
made are congruent throughout the entire case study. 

At the start of the case study, the expected added value was sufficient for MDX to 
make the investment. This was a commercial business decision focused on solving their 
resource allocation problem, where the actual costs and benefits were balanced. The 
engineers also expressed the added value of applying the design proposition and 
repetitively mentioned that the priority list is a valuable reference to base their resource 
allocation decision on and advise it to new colleagues. After a half year of independent 
use, the analysis shows that MDX has been applying the design proposition and will 
carry on.  

 The manager stated that implementing the PMIS and the design proposition 
increased the department's efficiency. It also gave more insight and an overview of the 
short- and long-term planning. This insight in the planning provides more rest in the 
department, enabling the engineers to focus on their projects. The analysis showed that 
all issues that MDX identified as their core resource allocation problems were addressed 
during this case study. Resolving these issues was the main business objective of MDX. 

Based on these benefits, MDX concluded that it was and is worth the effort and costs 
to implement and apply the design proposition. 
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11.3.7 Overview of data analysis outcomes for the mechatronics department 
Table 11-16 gives an overview of the data analysis outcomes. This table summarises 

the measurement goal conclusions of paragraphs 11.3.1 till 11.3.6. 

Table 11-16 Data analysis outcomes for the mechatronics department 

Measurement goal Data analysis outcome 

Goal-1: Defining to what ex-

tent local decision-makers 

deviate from the predefined 

work order outlined by the 

scheduling heuristics. 

The design proposition is intended to allow decision-makers to deviate 

from the predefined work order determined by heuristics planning algo-

rithms. Based on the evidence for Goal-1, we conclude that such devia-

tions did indeed take place. 

Goal-2: Determining to what 

extent the arguments for 

deviating from the 

scheduling heuristics are 

accepted as a justifiable 

deviation. 

During the entire six-month data-gathering period, the number of justifia-

ble deviations remained about 20%.  The significant number of non-justifi-

able resource allocation decisions at the start declined till the level that 

they became an exception. The relatively stable number of justifiable devi-

ations, the 20%, indicates that the local decision-makers are deviating from 

the heuristics for the right reasons consistently. The required deviations in-

dicate that the anchor alone, by means of the priority list, is insufficient 

and that the local decision-makers are capable of making adjustments that 

their peers approve. The justifiable deviations are not a temporary effect. 

The post-interview indicated this behaviour remained after twelve-month 

usage, long after the researcher’s involvement ended.  

Goal-3: Defining if the 

arguments are so diverse 

that they are hard to manage 

or to embed in scheduling 

heuristics. 

The justifiable arguments are so diverse that they are hard to manage or to 

embed in scheduling heuristics. On the other hand, the diversity of non-

justifiable arguments is limited, and effective management actions can be 

defined to reduce non-justifiable deviations.  

None of the arguments, either justifiable or not, gave rise to changes to the 

scheduling heuristics. The non-justifiable reasons were not related to the 

heuristics but to organisational processes, which required management ac-

tion and attention. The variety and nature of the justifiable arguments indi-

cate that the local decision-makers use their local knowledge effectively to 

make improved resource allocation decisions, which is the intended output 

of the authorisation intervention. The number of justifiable arguments does 

not decline over time; they remain about 20%.  

Goal-4: Examining if a 

learning effect is visible. 

A learning effect is visible. The organisation learned to improve their deci-

sions by analysing the resource allocation process and taking action based 

on the non-justifiable decisions. The results show that the specific non-jus-

tifiable arguments on which a management action is taken reduce from that 

moment on significantly. Furthermore, if the action had a side effect, addi-

tional actions were defined to the level that the task list’s non-justifiable 

deviations became an exception. The results express a Plan-Do-Check-Act 

Deming cycle approach; MDX introduced the resource allocation process 

change (plan), applied it in action (Do), analysed the result (Check), and 

defined management actions to improve the process (Act).  

Goal-5:  Determining 

whether the operational 

guidelines are understood, 

accepted, and actually 

applied by those involved. 

All operational guidelines are understood and accepted, and the partici-

pants and organisation act according to the respective guidelines as the de-

sign proposition intends. The engineers are motivated to be involved in the 

planning process and setup and maintain the planning themselves, some-

thing they had never succeeded to do in the past. The engineers use their 

local knowledge to make sound resource allocation decisions. The freedom 
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Measurement goal Data analysis outcome 

to deviate from the priority list is regarded as essential. The participants 

learned to make satisficing resource allocation decisions by analysing why 

resource allocation is made together with the team. These analyses set 

“continuous learning” in motion and frequently imposed actions to im-

prove the resource allocation process. 

Goal-6: Specifying the 

additional value for the case 

study candidate in applying 

the design proposition. 

The data analysis shows that it is worth the effort for MDX to implement 

and apply the design proposition. The engineers are satisfied with the new 

way of working, especially with the priority list's guidance. The manager is 

satisfied with the increased efficiency and insight in the long- and short-

term planning. The analysis showed that all issues that MDX identified as 

their core resource allocation problems were addressed during this case 

study. To resolve these issues was the main business objective of MDX. 

Source data analysis of mechatronics paragraph 11.3.1 till 11.3.6 

11.3.8 Conclusion on the data analysis at the mechatronics department 
When the design proposition is effective, we expect, as defined in paragraph 9.2, that 

(a) decision-makers deviate from the heuristics, (b) the majority of the arguments are 
accepted as a justifiable deviation from the heuristics, (c) the arguments are so diverse 
and difficult to incorporate in heuristics, and (d) over time, the decision-makers become 
better in providing accepted arguments and (e) the process of delivering these 
arguments is sustainable. Based on the data analysis outcomes, we will now discuss to 
which extent our expectations were met.  

 
Based on the data analysis of Goal-1 (par. 11.3.1), we can conclude that, as intended, 

local decision-makers at mechatronics deviate from the heuristics. The number of 
justifiable deviations remained relatively stable (around 20%) throughout the entire data 
collection phase. After a learning period, deviation from the heuristics for non-
justifiable reasons became an exception. The presence of deviations confirms 
expectation (a).  

 The conclusion at Goal-2 (par. 11.3.2) is that most of the arguments are accepted as 
a justifiable deviation from the heuristics after an initial learning period. The high rate 
of accepted arguments confirms expectation (b).  

At Goal-3 (par. 11.3.3), we concluded that the justifiable arguments are so diverse 
that they are hard to manage or to embed in scheduling heuristics. The use of local 
knowledge appeared to be essential in the decision-making process. The engineers 
express that this knowledge is context-specific, practice- and experience-based, and 
challenging to transfer to a planner or a manager. Also, the manager agrees that a 
resource allocation decision can be made better by the engineers and supports this 
process actively. These findings are in line with (Beringer et al., 2013), although they 
stated that the impact of managers is even negative on decision-making at the 
operational level in a multi-project environment. 

 Based on acceptance of the arguments to deviate from the heuristics, we conclude 
that the local decision-makers are more capable of dealing with these unforeseen 
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situations better than the heuristics. The fact that the arguments are too diverse to 
incorporate in heuristics confirms expectation (c). 

The fact that the number of justifiable deviations remained stable at around 20% 
indicates that it is expected that there will always be a significant number of deviations 
that the organisation must deal with. Together with the fact that the non-justifiable 
decisions decreased to a level that they became an exception proves that the team 
became better at providing accepted arguments, which confirms expectation (d) (see 
also Goal-4, par. 11.3.4).  

Based on the qualitative and quantitative analysis of Goals 1-4 combined, we 
conclude that the local decision-makers are able, willing, and authorised to make their 
own allocation decisions and become better at this. However, even though the decision-
maker unanimously state that the priority list is a valuable guideline, they also claim 
that they cannot work with the priority list without the freedom to deviate from it. 

We did not interfere with the process for six months to prove it was sustainable. After 
this “independent usage” period, the analysis of Goal-6 (par. 11.3.6) shows that the 
organisation still has been applying the guidelines, which confirms expectation (e). The 
organisation is satisfied with the improvement in the resource allocation process and 
claims that it creases its efficiency. Based on these benefits, MDX concluded that it was 
and is worth the investment to implement and apply the design proposition, and they 
intend to keep doing so. When finishing this thesis, more than a year after the case study 
ended, MDX still has been using the PMIS and the processes. 

In conclusion, we can state that all measurement goals are met and that applying the 
design proposition resulted in improved resource allocation decisions. 

11.4 Data analysis software department  

We applied a similar analysis approach for the software department as for the 
mechatronics department. Table 11-17 gives an overview of the outcomes of this 
analysis. For the complete analysis, we refer to Appendix E.  

Table 11-17 Data analysis outcomes for the software department 

Measurement goal Data analysis outcome 

Goal-1: Defining to what extent 

local decision-makers deviate 

from the predefined work order 

outlined by the scheduling heu-

ristics. 

No deviations could be measured on task level because no heuristics 

were used as a reference for resource allocation decisions on the work 

floor.  

 

Goal-2: Determining to what ex-

tent the arguments for deviating 

from the scheduling heuristics 

are accepted as a justifiable de-

viation. 

The data set is too limited to make a statement to what extent the 

arguments for deviating from the heuristics are accepted as a justifiable 

deviation. 

Goal-3: Defining if the argu-

ments are so diverse that they 

are hard to manage or to embed 

in scheduling heuristics. 

Although the few arguments are diverse, the data set is too limited to 

make a statement about the diversity in general for the software depart-

ment.  
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Measurement goal Data analysis outcome 

Goal-4: Examining if a learning 

effect is visible. 

No learning effect could be derived from the data since we could not 

measure on work floor level. The learning effect is visible in the de-

partment’s organisation on management level, but this was not the ob-

jective of this measurement goal. These changes had no effect on the 

decision-making process on the work floor. According to the software 

engineers, there is no need for change, and by that, there is no willing-

ness to change their current agile scrum way of working.  

Goal-5:  Determining whether 

the operational guidelines are 

understood, accepted, and 

actually applied by those 

involved. 

The guidelines are not understood, accepted, and applied as intended in 

the design proposition. The lack of having a prioritised task list hin-

dered analysing the use of local knowledge involved in work floor de-

cision-making, which is a crucial element of the design proposition.  

The only interventions that are understood, accepted, and applied, are 

the authorisation interventions, but these guidelines were already in 

place at the start of the implementation. There are intentions to comply 

with the reference intervention on task level, but this takes longer than 

expected and falls outside the scope of this case study. 

Goal-6: Specifying the 

additional value for the case 

study candidate in applying the 

design proposition. 

Since the design proposition is not applied, no added value could be 

measured in applying the design proposition. After the initial suc-

cesses, the improvement stagnated in improving the performance on 

the work floor because, as the manager stated, “no compromise be-
tween agile working and milestone-oriented working” could be found. 

The MPM resource allocation success criteria assessment confirms that 

the improvements were significant, but project planning requires extra 

effort.  

Source: Data analysis software department Appendix E 

11.4.1 Conclusion on the data analysis at the software department 
Although the case study was a success from a business point of view for MDX (par. 

10.5), it did not deliver the intended output from a research perspective. None of the 
measurement goals was achieved. 

The data analysis of goals 1, 2 and 3 shows that almost no deviations from the priority 
list appeared after arranging the project portfolio. We also expected fewer project level 
deviations than work floor level deviations since the dynamics reveal themselves at the 
work floor level and not at the project level. This risk is addressed explicitly in 
paragraphs 10.4 and 10.5. We did not expect that only three deviations would occur in 
three months. The software team leader was pleased to get a prioritised list based on the 
management objectives and saw no reason to deviate. 

On the contrary, the list helped the software team to focus and abandon multi-tasking. 
During the exit interview, the software team lead stated explicitly that he wanted to 
continue to use the priority list (see analysis Goal-6, Appendix E.6). 

However, measuring deviations at the software department is essential to measure 
them on the work floor. In principle, this could work. The data analysis shows that the 
work floor’s way of working complies with all our authorisation guidelines (see analysis 
of Goal-5, Appendix E.5).  
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Examples of a common ground of our design approach and the applied agile 
approach are the guidelines:  
• G-4, to authorise local decision-makers to make resource allocation decisions on 

operational level;  
• G-1 and 2, to rely on the local knowledge of local decision-makers to make these 

decisions;  
• G-3, to do resource allocation close to the moment of task execution;  
• G-5, to allocate Project tasks to resources instead of the other way around. 

 
The failure of implementing the design proposition was caused by one essential 

omission: the software engineers do not use a reference to base their resource allocation 
decision on the work floor (guideline G-6). Moreover, no network plan was available 
describing how the software department intended to deliver a project on time, which is 
a prerequisite for our heuristics.  

The objective of the MDX organisation is to deliver a particular scope at a specific 
time. The applied scheduling heuristics supports MDX’s organisational objective (G-7) 
successfully, as proved at the mechatronics department. However, contrary to the 
waterfall approach used at the mechatronics department, the software department uses 
the agile approach. Following the agile approach means that the scope is a variable 
instead of determined upfront. As long MDX adheres to delivering a particular scope at 
a specific time, there will be a conflict with the agile approach. MDX recognises this 
conflict; the manager stated, “no compromise between agile working and milestone-
oriented working could be found”. Finding this compromise falls outside the scope of 
our research. We already identified this conflict during the moving phase (par. 10.4). 
At that time, the software department and management were pleased with the achieved 
initial business success, and there was no need and willingness for both parties to solve 
this conflict at that time. From a management point of view, these insights changed. 
Management wants to take further steps to improve the project management maturity at 
the software department. They want to get a better insight into the delivery of the 
projects regarding the scope and delivery date, which is essential for the alignment with 
marketing, sales, and production. Even during the exit interview, the software team 
leader stated that the case study implementation is merely a management change that 
does not affect the agile way of working on the work floor (see analysis Goal-6 in 
Appendix E.6). 

Finding a compromise between the waterfall and agile ways of working is still going 
on, but this process is slow. Only recently, one of the senior software engineers doubted 
openly if the agile scrum approach was right for a company like MDX, where the scope 
is more or less fixed, and the end date is determined by management. Unfortunately, for 
this case study, these insights came too late.   
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11.5 Reliability and validity of the data analysis 

This paragraph evaluates the reliability and validity of the data analysis. If the 
measures defined in the data analysis approach are applied, we can assume that the data 
analysis is reliable and valid and performed ethically. 

Although the case study implementation at the software department did not proceed 
as planned, we applied the same measurement instruments and analysis approach as for 
the mechatronics department. Therefore, we do not distinguish between the two 
departments in this paragraph. If the amount of data was insufficient to conclude, this 
is stated explicitly in the data analysis.   

11.5.1 The Construct validity of the data analysis  
In paragraph 9.7.1, we defined how to ensure construct validity. As proposed, we 

applied the GQM approach to build a clear chain of evidence and triangulate various 
evidence sources. A deviation from the data analysis plan is that the MPM success 
criteria assessment was added as an additional source of evidence. For this assessment, 
we used the success criteria framework defined in chapter 4. This assessment 
contributed to defining the additional value for the case study candidate in applying the 
design proposition (Goal-6).  

 To limit the researcher's bias, the fellow researcher reviewed the data gathered and 
discussed the results and findings of the case study monthly. As foreseen, inherent to 
design science research, the researcher had a significant impact during the moving phase 
to implement the guidelines and the PMIS. However, during the data-gathering phase, 
the researcher’s role shifted from an implementor to an observer, limiting informant 
bias. Any form of informant bias was excluded in the independent usage phase since 
there was no contact with the participants. The outcomes of the independent usage phase 
were in line with the data-gathering phase. Therefore, we have no reason to assume that 
informant bias significantly affected the validity. Based on the approach described in 
chapter 9, we have no reason to doubt the construct validity of this research. 

11.5.2 The Internal validity of the data analysis  
To ensure internal validity, we applied all measures as described in paragraph 9.7.2. 

We used the guidelines as described in chapter 9 based on theoretical propositions as 
outlined in the design proposition (chap. 6), which are in their turn based on the theory 
as defined in chapter 5. We used qualitative and quantitative data in our analysis, 
pointing towards the same conclusions.  

Rival explanations were analysed explicitly. They came from some participants who 
were sceptical at the start. Also, their statements are logged by the measurement 
instruments and analysed. Rival explanations are examined at guideline G-
11(Periodically evaluate the decision-making process and analyse the type of 
reasoning). As a result of guideline G-11, thirty-seven improvement actions were 
defined to improve the resource allocation (Appendix B). It is reasonable to expect that 
some of these actions influenced the resource allocation process. Therefore, we 
analysed them in paragraph 11.3.4. The vast majority (26) of these improvements were 
accomplished before the data collection period and did not influence the collected data. 
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We could detect and explain the effects on the collected data for six improvement 
actions based on the CIMO logic. The remaining seven actions did not cause a 
measurable process change during the data collection period (par. 11.3.4). So, to our 
knowledge, all known rival explanations regarding guideline G-11 are examined. Based 
on the followed approach, as described in chapter 9, we have no reason to doubt the 
internal validity of this research. 

11.5.3 The reliability of the data analysis 
To ensure reliability, we applied all measures as described in paragraph 9.7.3. All 

data from all measurement instruments are stored in a database. The interview questions 
were open to get a rich “low-interference” description of reality, recorded and 
transcribed. The data is reviewed by fellow researchers and available in the appendix or 
on request taking confidentiality into account. Seven different measurements 
triangulated the findings to get reliable data with limited bias. As mentioned in the 
construct validity, an independent usage phase of six months is added to exclude 
informant bias. This period was even extended by a year, and the results remained. 
Based on the followed approach, as described in chapter 9, we have no reason to doubt 
the reliability of this research. 

11.5.4 The research integrity and ethics of the case study 
To ensure integrity and respect ethics, we applied all measures as described in 

paragraph 9.8. All data used is anonymized, and the participants are repetitively 
informed about its usage. All participants and the organisation agreed with the usage of 
the collected data. Based on the followed approach, as described in chapter 9, we have 
no reason to doubt the integrity and the applied ethics of this research. 

11.5.5 Conclusion on validity and reliability of the case study findings 
All measures to ensure reliability and validity were applied as described in the data 

analysis approach. We found no deviations from the designed analysis process during 
the analysis that undermined the reliability or validity of the results. The research is 
conducted ethically, respecting the participants' and the organisation's privacy. 
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11.6 Conclusions on MDX Data analysis 

We applied the design proposition in two different contexts: at a mechatronics 
department in a traditional waterfall context and the software department in an agile 
context. The analysis shows that for the mechatronics department, all operational 
guidelines were understood and accepted. The participants and organisation acted 
following the respective guidelines as intended by the design proposition. All 
measurement goals were met. On the other hand, the design proposition was not 
implemented for the software department as intended, and none of the measurement 
goals was met.  

The GQM approach is applied to analyse the effectiveness of the design proposition 
by examining the six measurement goals. We strictly followed the data analysis 
approach defined in chapter 9 to ensure internal validity, construct validity, and 
reliability. As a result, we found no evidence that the data was unreliable or invalid (par. 
11.5.5). 
 

For the mechatronics department, we can conclude based on the analysis of 
paragraph 11.3 that (a) decision-makers deviate from the heuristics, (b) the majority of 
the arguments are accepted as a justifiable deviation from the heuristics, (c) the 
arguments are so diverse and difficult to incorporate in heuristics, and (d) over time, the 
decision-makers become better in providing accepted arguments and (e) the process of 
delivering these arguments is sustainable. The local decision-makers stated 
unanimously that the priority list is a valuable guideline and that deviating from this list 
based on the local knowledge is essential to make satisficing resource allocation 
decisions. The organisation is satisfied with the improvement in the resource allocation 
process and claims that it increases its efficiency.  

In conclusion, we can state that the analysis of the measurement goals proved that 
the mechatronics department met all expectations from the design proposition without 
any exception. The design proposition application resulted in improved resource 
allocation decisions the intended output, as stated in chapter 6. 
 

For the software department, we conclude based on the analysis of paragraph 11.4, 
that although the case study candidate was satisfied with the achieved business 
objectives, the design proposition was not implemented as intended and did not result 
in the expected output. The main reason was that the heuristics applied did not match 
the (agile) objectives of the software department. As a result, none of the measurement 
goals was achieved.  

During the implementation, it became apparent that the organisation’s objectives did 
not match the department’s objectives. The heuristics used matched the objectives of 
MDX to deliver a particular scope at a specific time but did not match with the software 
department’s agile approach, where the scope is a variable instead of determined 
upfront. As the manager expressed, “no compromise between agile working and 
milestone-oriented working” could be found. This issue could not be solved within the 
scope of this case study, and therefore the design proposition could not be applied.  
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An interesting question is whether the challenges faced at MDX are generic issues 
for the applicability of the design proposition in agile environments. For hybrid 
organisations that apply both agile and waterfall, a study by Kusters et al. (2017) shows 
that there are, in general, multiple issues that help find a compromise between agile 
working and milestone-oriented working. So, in general, the design proposition in 
hybrid agile-waterfall environments can be challenging.  

When focusing on the agile aspect, we see that for MDX, we lacked a priority rule 
that complies with the agile way of working. However, this was a local issue for MDX 
and not for agile environments in general. Literature shows that priority rules like 
MoSCoW1 are often used successfully as a work floor control mechanism in agile 
environments (Bogojević, 2017). Agile methods like DSDM2 use MoSCoW prioritising 
and define in the first phases of the project the items to be prioritised and a deadline of 
the project (Bogojević, 2017). A compromise between agile working and milestone-
oriented working could be found in this direction. This is worth investigating because 
if an organisation wants to have a form of work floor control that is not milestone-driven 
but business priority-driven, they can still apply the design proposition.  

Changing the priority rule does not require a change in the design proposition since 
we already stated in the guidelines that scheduling heuristics must be applied that 
supports the organisation’s objective. What must be changed is the implementation of 
the heuristics in the PMIS. We also foresee no additional changes in using the design 
proposition in an agile environment for the other guidelines. The analysis showed that, 
in principle, the agile approach matches reasonably well with our guidelines regarding 
authorisation and learning. As stated in chapter 3, we adopted agile principles in our 
design proposition to embed local knowledge in the decision-making at the work floor. 
When the guidelines of the reference interventions are also in place, there is a reasonable 
chance that the design proposition can be applied successfully. Seeing the positive 
results of the mechatronic department, this is certainly worth investigating.  

 
So, summarised, for MDX’s mechatronics department, which used the waterfall 

method, we can conclude that implementing the design proposition resulted in the 
intended output. The design proposition could not be applied to the software department 
since the heuristics did not match their (agile) objectives. During the case study, no 
internal agreement could be found about aligning the software department's objectives 
with MDX’s organisational objectives, which prevented implementing the design 
proposition. 

The issue faced at MDX’s software department is a local issue, not a generic one. In 
general, there are heuristics that match the agile objectives of software departments. In 
these agile environments, the design proposition will likely work.  

 

 
1
 MoSCoW: Must have, Should haves, Could haves, Won’t haves. 

2
 DSDM: Dynamic Software Development Method 





 

12 Conclusion 

12.1 Introduction 

This thesis addressed a practical issue regarding resource allocation in multi-project 
environments (MPE), which is usually a troublesome issue for managers. We 
investigated whether satisficing results can be achieved by combining scheduling 
heuristics with human intelligence. It is the central research question of this thesis. 

This idea originated from practical observations during several project management 
information system (PMIS) implementations. During these implementations, we 
witnessed that whatever algorithm was designed, an employee with local knowledge 
outperformed it (par. 2.2). 

To investigate this issue, we provided answers to four questions in this thesis: what 
do we know? What is a good resource allocation decision? What can we design and 
validate to deal with this issue (what can we do)? And finally, what have we learned? 
An overview of these questions and the steps taken to answer them is depicted in 
Figure 12-1.  

 

Figure 12-1 Thesis structure 

 
This chapter presents the answer to the final question: what have we learned? We 

provide it by sharing the main findings per objective (OBJ-1 to 4, par. 12.2). 
Paragraph 12.2 ends by answering the central research question “if satisficing results 
can be achieved by combining scheduling heuristics with human intelligence”.  
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This research has several limitations, which are addressed in this paragraph in 12.3. 
There are also some theoretical contributions discussed in paragraph 12.4. This thesis 
ends with recommendations and directions for further research (par. 12.5). 

12.2 Main findings  

This thesis aims to answer the following research question:  
 
Can satisficing results be achieved by combining scheduling heuristics with human 

intelligence? 
 
To answer the central research question systematically, we defined four research 

objectives and a research methodology to achieve them. This paragraph discusses the 
main findings per objective and answers the central research question. 

12.2.1 OBJ-1 Structure experiences from practice that support the use of local 
knowledge in resource allocation decision-making 

To achieve this objective, we provided a structured description of practical 
observations of five multi-project environment organisations (Chapter 2). The focus 
was on how their employees use local knowledge when making resource allocation 
decisions. 

We described how local knowledge impacts decision-making and how heuristics are 
used. These experiences appear to be symptomatic for the resource allocation problem 
(par. 2.7).  

From these observations, we derived the lessons learned. The observations showed 
that even whatever algorithm was designed, an employee with local knowledge 
outperformed it. Simple priority rules and guidelines to deviate from this priority list 
seem sufficient to manage a complex environment (par. 2.2). 

A similar priority rule and the guidelines were also applied to an engineering 
department of a cable company (par. 2.3). However, in the beginning, this did not bring 
any positive results because we underestimated the learning process and the required 
management support. After taking some corrective measures to facilitate the learning 
process, it took about a year to train the engineers and prevent them from falling back 
into their old habits. Nevertheless, the rewards for the successful implementation of the 
resource allocation approach were worth the effort for this company. They managed to 
do twice as many projects with the same number of employees.  

In other cases, a significant improvement was observed as well. The best 
quantifiable results were measured by a team of Lean experts of a large telecom 
provider (par. 2.4). They measured a 21% efficiency increase, a 50% lead time 
reduction and turned a 20% due date performance into 80%. Apart from these figures, 
the staff also realised that the environment was less stressed, that the employees 
became pro-active and proud of the results they achieved. These practical observations 
are supported by the theory found in chapter 5. The Job demand-control model 
described in paragraph 5.7 explains these symptoms witnessed. 
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A point of attention was raised when the initial version of the design proposition was 
applied in practice at an IT department of a semi-government organisation (par. 2.6). 
The chosen environment was not a typical professional project organisation like the 
other cases, and the project maturity was low. The observations from practice showed 
that in most cases, success was achieved in (ETO) or new product development (NPD) 
environments. In these environments, projects form the organisation's backbone and are 
essential to their organisational output. Based on these experiences, the context 
requirements were adapted (par. 6.4.2). A purposeful sampling approach was applied 
carefully when selecting a new case study candidate (par. 7.1). It is not to be said that 
the approach will not work in other environments, but the objective of this research is 
to prove that the approach can work in a specific context.   

The conclusion is that objective OBJ-1 is achieved. The observations show practical 
relevance and the research potential of the central research question. These experiences 
and their lessons gave direction to this research, leading to identifying relevant theories 
on which the design proposition is based.  

12.2.2 OBJ-2 Identify the research gap in the literature and show an overview of 
related work 

To achieve this objective, in chapter 3, a literature scan of articles about MPM 
resource allocation approaches published since the year 2000 has been conducted. It 
resulted in a state-of-art overview published in Procedia-Social and Behavioral Sciences 
(Ponsteen & Kusters, 2015). This overview classifies different MPM approaches on 
how they organise resource allocation based on the role of algorithms and human 
intelligence and whether resource allocation decisions are made top-down or bottom-
up.  

The dominant MPM approach is automated centralised decision-making (see par. 
3.6). No studies have been found that describe combining the use of human intelligence 
of local decision-makers with scheduling heuristics in a multi-project setting. However, 
some merits have been found for both aspects separately that support our central 
research question. The scrum approach is an example of effective use of human 
intelligence. Within scrum, the local knowledge of the team members is used to deal 
with the day-to-day dynamics, something that algorithms find hard to handle (par. 
3.5.3). The scheduling heuristics have proven successful in addressing the NP-hard 
complexity of multi-project environments; something humans are less capable of 
dealing with (par. 3.7). The downside of advanced heuristics is that managers have 
difficulties complying with the prerequisites that (meta-) heuristics require. Fortunately, 
priority rule (PR) heuristics appear to deliver an acceptable performance without the 
implementation hassle (par. 3.5.1).  

This scan has identified the lack of sources describing the use of local decision-
makers' human intelligence in combination with scheduling heuristics in a multi-project 
setting. However, separately, this literature scan shows that both heuristics and human 
intelligence each have their strengths and weaknesses. Furthermore, it appears that these 
strengths and weaknesses partly compensate for each other. These findings already 
support our central research question and align with the observations from practice.   
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The conclusion is that objective OBJ-2 has been achieved. An overview of related 
work is delivered, the research gap is identified, and the findings support our central 
research question.  

12.2.3 OBJ-3 Identify resource allocation success criteria from literature 
We aimed to understand what “good” resource allocation entails before designing a 

proposition in this area. We achieved this objective OBJ-3 by conducting a systematic 
literature review (SLR), followed by a structured classification. The classification 
resulted in a set of thirteen success criteria. This framework can be used to assess 
resource allocation effectiveness (par. 4.4, Table 4-2). 

We used the MPM success criteria framework to assess the resource allocation 
effectiveness of our case study candidate MDX. The analysis showed that the 
organisation complied significantly better with the success criteria after implementing 
the design proposition than before the case study (Goal-6, par. 11.3.6 & 11.4). 

Based on these findings, we can conclude that objective OBJ-3 was achieved. We 
delivered a success criteria framework that can be used to assess resource allocation 
effectiveness.  

12.2.4 OBJ-4 Design and validate an approach leading to satisficing resource 
allocation decisions 

Design Science Research (DSR) strategy was used to answer the central question: 
whether satisficing results can be achieved by combining scheduling heuristics with 
human intelligence. The DSR strategy consists of a design part (OBJ-4.A) and an 
evaluation part OBJ-4.B, which are discussed here.  
 
OBJ-4.A Design an approach leading to satisficing resource allocation decisions 
(chapter 5 & 6) 

A design proposition was created by applying the CIMO logic. Analysis of the 
observations from practice (OBJ-1) and the literature studies (OBJ-2 and 3) resulted in 
the identification of theories used as the basis for our design proposition (chap. 5). These 
theories “ground”1 our design as it is called in DSR and are the mechanism (M) of the 
CIMO logic. Interventions trigger these mechanisms, explaining the expected output in 
CIMO terms (chap. 6).  

The wide variety of symptoms witnessed in practice led to identifying a wide variety 
of relevant theories. Cognitive psychology provides the mechanisms and interventions 
to make satisficing decisions by applying the bounded rationality and anchoring and 
adjustment theory (par. 5.4). Operational research provided the theory for defining the 
anchor for decision-making by using PR heuristics (par. 5.5). To incorporate local 
knowledge of decision-makers in the resource allocation process, we relied on the 
Social-technical system design (STSD) and knowledge management theory (par. 5.6 & 
5.7). The observations from practice showed that learning is an essential facet in 

 
1
 “grounded” means at DSR that there are sufficient arguments to reasonably expect that the interventions 

produce the intended outcome. 
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implementing a new approach. The learning theory provided insight into how to 
facilitate the learning process (par. 5.8). 

Based on these theories, a design proposition is created, resulting in three 
interventions that consist of 11 operational guidelines to implement them and 13 context 
guidelines describing the required context in which the design proposition is applicable 
(par. 6.5).  

The conclusion is that OBJ-4.A has been achieved. Throughout the design process, 
the CIMO logic is followed. The design proposition is “grounded” by theory, meaning 
that based on the theory, we have reason to expect that the design proposition will 
produce the intended output as stated by OBJ-4.A. 

 
 OBJ-4.B Validate an approach leading to satisficing resource allocation decisions 
(chapter 7- 11) 

The design is validated by applying a longitudinal case study at an NPD1 company 
that matched our purposeful sampling selection criteria to a great extent. The case study 
consists of two embedded cases with two different contexts: one case at mechatronics 
in a traditional waterfall context and another at the software department in an agile 
context (par. 7.2).  

After another implementation effort, the remaining context requirements for the 
mechatronics department were fulfilled (par.10.2). We managed to implement the 
design proposition’s operational guidelines as planned (par. 10.3). All operational 
guidelines were understood and accepted by the mechatronics engineers (par. 11.3.5). 
The manager and the engineers both stated that operational resource allocation decisions 
could be made by local decision-makers better than by managers (11.3.7). A learning 
effect became evident, showing a higher rate of satisficing resource allocation decisions 
(par. 11.3.4). All measurement goals were met, and the findings match the expected 
outcome based on the CIMO logic (chap. 6). A year after independent use, the design 
proposition has still been applied successfully at mechatronics, so we can conclude that 
the process is sustainable (par. 11.3.6). 

The software department could not match the context requirements (par. 10.2.5). As 
a result, the reference intervention could not be applied as designed (par. 10.4.1). 
Therefore, following the CIMO logic, it is explainable that the intended output was not 
achieved. None of the measurement goals was met in the software department (par. 
11.4.1). 
 
Additional conclusions regarding the necessity of the guidelines 

We can see that two guidelines are formulated somewhat strictly. The other 
guidelines are perceived as essential, as stated in the design proposition.  

Guideline G-8 states that “Scheduling heuristics should be easy to use, understand, 
implement and maintain”. Easiness of using and understanding is perceived as essential. 
However, if the implementation and maintenance are performed not by local-decision 
makers but by someone else, the design proposition can also work by putting in some 

 
1
 NDP=New Product Development 
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more effort. Having a PMO with PMIS experts is an example of such a setting. All other 
operational guidelines are perceived as essential. 

The other guideline that could be applied differently is guideline G-10 (Frequently 
assess if the arguments for deviating from the heuristic are accepted as a justifiable 
deviation). The researcher listed all deviations during the case study and discussed them 
with the team members. Even though this process was partly automated, this was still a 
labour-intensive activity. Although these assessments were insightful and valuable, the 
manager stated that it was not maintainable in the long run without the researcher’s 
involvement. Instead, the manager used the priority list as a reference at the team 
meetings to discuss the status without a detailed analysis of skipped tasks and reasons 
for that. This approach appeared to be sufficient and maintainable, even a year after the 
case study ended (par. 11.3.6). 

Although it is indirectly covered by G-10, it would not harm to explicitly state that 
management should use the priority list as a reference during the team meetings to 
discuss the status. It is also an excellent example of “involved leadership,” a critical 
learning enabler (par. 5.8 & 6.4.3). 

Summarised, the frequent assessment of the deviations appeared to be helpful at the 
start of the implementation, but it is not necessary for the longer term.  

 
Conclusion OBJ-4.B to validate an approach leading to satisficing resource allocation 
decisions 

Although we did not explore the exact boundaries of the designed model, we 
demonstrated in two different contexts that the case study selection criteria impact the 
result, both positively and negatively. We successfully validated an approach leading to 
satisficing resource allocation decisions in a case study environment that matched our 
purposeful sampling selection criteria. Based on these findings, we can conclude that 
objective OBJ-4.B was achieved. 

12.2.5 The conclusion regarding the central research question  
The four objectives leading to answering this question are all achieved, as was stated 

above. Based on these findings, we will discuss our results concerning the central 
research question of this thesis: Can satisficing results be achieved by combining 
scheduling heuristics with human intelligence? 

At the beginning of this thesis, we stated that the study aims to demonstrate that the 
design proposition can work if applied in the proper context using critical case 
purposeful sampling (par. 1.3.3). In that light, we refer again to Patton (2014. p.404), 
who describes the characteristics of purposeful sampling as follows: “The weight of 
evidence from a single case permits logical generalisation and maximum application of 
information to other, highly similar cases because if it’s true of this one case, it’s likely 
to be true of all other cases in that category: if it works here, it will work anywhere, or 
if it doesn't work here, it won’t work anywhere.” 

Based on the findings, we can conclude that it is likely that the design proposition 
will work in similar environments that match the context guidelines (par. 11.3.7). From 
the embedded case that did not match the context guidelines, we can conclude that these 
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guidelines matter. However, we cannot draw a conclusion about the applicability of the 
design proposition in general in these environments. Further research is required to 
explore the boundaries of the design proposition. Seeing the positive results of the 
successfully embedded case, this is certainly worth investigating.  

Our conclusion to whether satisficing results can be achieved by combining 
scheduling heuristics with human intelligence is based on our findings, and it is: yes, 
they can be achieved if applied in the proper context. 

12.3 Research limitations  

Our research is subject to several limitations, which we will address in this 
paragraph. Our objective was to provide an evidence-based strategy to ensure rigour 
throughout this research. As mentioned in paragraph 9.7, this strategy applies the 
positivist tradition that embraces four commonly used criteria to assess the rigour of 
field research: internal validity, construct validity, external validity and reliability 
(Gibbert et al., 2008). 

  Table 12-1 gives an overview of the actions taken to ensure validity and reliability 
based on the guidelines of Gibbert and Ruigrok (2010). This paragraph discusses only 
the items from the table for which limitations are addressed. We close this paragraph 
with the conclusion about the validity and reliability of this research in general (par. 
12.3.5).  

Table 12-1 Guidelines and appliances to ensure validity & reliability 

Guideline  Our implementation Reference 

Construct validity strategy   

Build a chain of evidence Apply the GQM approach, starting with defining goals 

based on the design proposition. 

9.3 

Use multiple sources of 

evidence 

Use Yin’s strengths and weaknesses to define the appro-

priate source for the phase the case study is in. 

9.7 

Triangulate data Analyse how to combine different sources of evidence. 

This is described in the data analysis approach per goal 

and the overall analysis.   

9.5, 11.1 

Internal validity strategy   

Using both qualitative and 

quantitative data 

Qualitative and quantitative data metrics are defined in the 

GQM model. 

9.3-9.5 

Examining rival 

explanations 

Described explicitly in the interview approach and the 

analysis, and the overall analysis. 

9.3.4, 9.5.5 

Research framework 

explicitly derived from 

literature 

A traceability matrix is defined between the design propo-

sition and the theoretical basis. The GQM is derived from 

this. 

6.5 

Theory Triangulation Covered by chapter 5, we discussed how different theories 

from different viewpoints strengthen each other in terms 

of our design goal. 

Chap 5 
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Guideline  Our implementation Reference 

Reliability strategy   

Define a case study 

protocol 

As described in chapter 8 at the case study set-up. Chap 8 

 

Establish a case study 

database 

We defined how to capture data for different measurement 

instruments, including their case study database. The anal-

ysis also describes which data and in which format to cap-

ture based on the GQM. 

9.4 

Record alternative actions 

and reports 

Alternative actions and reports are recorded in the event 

log.  

Chap 11 

External Validity strategy   

Multiple case studies We described five “pre-case” studies matching the context 

of our design proposition – however, these cases do not 

incorporate the rigour validity and reliability strategy as 

stated here. The final case study consists of two embedded 

cases. 

Chap 2, 7-

11 

Rationale for case study 

selection  

Context guidelines for case study selection are defined 

based on theory in chapter 6. The case study selection 

based on these guidelines is described in chapter 7. 

Chap 6, 7 

Details on the case study 

context  

The case study context details are covered by the case 

study selection and case study set-up.  

Chap 7 & 8 

Source: guidelines based on Gibbert and Ruigrok (2010), our implementation defined in this chapter. 

12.3.1 Construct validity  
Limitations on building a chain of evidence 

Using the CIMO logic and the GQM approach, we built a chain of evidence from 
design to validation. However, there is no clear chain of evidence regarding the 
selection process of the theories used as a mechanism in the design proposition. We 
looked for evident theories that could explain the symptoms and provide guidance for 
improvement. As stated in paragraph 5.1, these selected theories may not be unique but 
fit for purpose.  

 
Limitations on the use of multiple sources of evidence 

The main risk for the sources of evidence is bias. We knew that all these sources of 
evidence have their strengths and weaknesses (par. 9.7). For that reason, we used 
different sources of evidence and applied triangulation to ensure validity. Even though, 
we also took the following measures to limit the bias per source of evidence: 
• The participant’s observations by the researcher is a source of bias we were aware 

of. The influence was there and also needed when the researcher applied the 
interventions in the case study environment. This bias decreases over time since the 
researcher’s role changes from a participant in the unfreezing and moving phases to 
an observer in the data collection phase (par. 9.7.1). Still, it is plausible that the 
researcher’s presence influenced the process even at the data collection phase. To 
limit this risk, an independent usage phase lasting for a year was added at the end of 
the case study to exclude participant and observation bias.  
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• We conducted interviews before and after the independent usage phase to verify the 
effectiveness of the design proposition. However, there is also a risk that the 
interviews suffice (response) bias and reflexivity, especially in a longitudinal case 
study when the participants are involved with the subject for a long time. To limit 
this risk, we asked open questions and triangulated the responses with multiple 
sources of evidence. We used both quantitative and qualitative data (par. 11.3). 

• Another risk of bias is caused by the dependence of the researcher on the subject 
investigated. The researcher has psychological and business incentives for a positive 
outcome (par. 9.8). We made the independent research team aware of this risk. The 
action taken was to frequently share and discuss all gathered information with the 
research team. However, it should be noted that the team has been involved for ten 
years due to the longitudinal nature of the study. This means that a particular bias 
may have arisen. Like the previous two points, the independent usage phase and 
triangulation limited this form of bias.  
 

Limitations on data triangulation 
Different measurement instruments are used to triangulate the data used for the 

measurement goals. An overview of the measurement instruments used for each goal is 
given in Table 11-1 (par. 11.1). However, the researcher populated both the analysis 
spreadsheet and the event log, so there is a risk that this limits the triangulation 
effectiveness. This can influence the triangulation effectiveness of measurement goals 
1, 2 and 3. Since the findings of the other goals that also use other sources of evidence 
are in line with these findings, we can reasonably assume that the impact is limited.  

12.3.2 Limitations on internal validity 
Limitations on using a combination of qualitative and quantitative data 

Qualitative data is provided by the PMIS and used to define the deviations from the 
priority list. However, the majority of the data is qualitative. A better balance between 
quantitative and qualitative is desirable to ensure internal validity.  

We intended to measure M-3 (define the degree of difficulty to assess the quality of 
the allocation decision) also quantitatively by measuring the degree of acceptance and 
the time it takes to decide. However, in practice, this was impossible (par. 9.5.2). 

 
Limitations on examining rival explanations  

Although the case study outcomes (both positive and negative) could be explained 
by following the CIMO logic (12.2.4), other parameters can influence the results beyond 
the design scope. These outside influences are inherent to a case study in a complex 
organisation, especially in a longitudinal study where mechanisms can be triggered with 
time. The case study candidate’s reorganisation (par. 10.1, 10.2) is an example of such 
a trigger that is not covered by the design proposition. However, none of the sources of 
evidence report about rival initiatives regarding resource allocation. Moreover, all 
sources of evidence confirm unanimously that the improved resource allocation process 
is related to the implementation of the design proposition. Therefore, it is plausible that 
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other parameters outside our scope did not significantly influence the case study’s 
outcomes.  

12.3.3 Limitations on reliability 
Limitations on establishing a case study database 

We defined how to capture data for different measurement instruments, including 
our case study database. As stated in paragraph 9.7.3, our objective was to make the 
observations as concrete as possible, with a minimum impact of the observant to limit 
informant bias. Using audiotape recording and transcriptions are a means to establish 
this. This approach was applied at the interviews. However, we did not record the team 
sessions to preserve a climate of openness and trust. Instead, we captured the 
observations in the event log, including quotes. We realise these logs can be biased. To 
overcome this bias, we used triangulation.  

12.3.4 External validity 
The question to be answered is whether the “study’s findings are generalisable 

beyond the immediate case study” (Yin, 2009). To achieve this, we applied the strategy 
of purposeful sampling (Coyne, 1997). We proved that the design proposition delivers 
the intended output in a setting matching the context guidelines. In paragraph 12.2, we 
paraphrased Patton (2014. p.404), who stated, “if it’s true of this one case, it’s likely to 
be true of all other cases in that category”. 

Although we carefully defined the context in which the design is applicable, there 
are limitations to the external validity of this research. This paragraph discussed the 
external validity and limitations based on Gibbert and Ruigrok’s guidelines, as stated in 
Table 12-1. 

 
Limitation on multiple case studies 

We have selected the strategy of purposeful sampling (par. 7.1). This strategy leads 
to a particular limitation of the external validity that we have deliberately chosen. A 
limitation of this research is that we have not conducted multiple case studies to explore 
the boundaries of our context guidelines. 

This limitation also implies that we did not run multiple reflective design cycles to 
improve the design proposition. However, prior to this longitudinal case study, we 
conducted various pre-cases. For five pre-cases, we described the practical observations 
on which the idea of the design proposition is based. Three pre-cases were conducted 
in a comparable professional project environment as the longitudinal case study (par. 
2.3, 2.4 and 2.5). Although not described as extensively as the longitudinal case study, 
these cases showed positive results by combining scheduling heuristics with human 
intelligence.  
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Limitations on the rationale for case study selection 
We used the context guidelines for the case selection. However, a limitation is that 

we could not define if there were additional context characteristics that had to be 
considered. The design is validated in a new product development (NPD) environment. 
According to Mintzberg’s organisation characteristics, these types of environments 
typically match our context requirements (par. 7.1). So, there is a risk that NPD 
environments have other characteristics than those covered by the context guidelines. 
As a result, it can be the case that the applicability of the design proposition is limited 
to NPD environments.   

 
Limitations on details of the case study context 

The design proposition’s guideline G-5 states that local decision-makers allocate 
project tasks to resources from a shared resource pool based on the required capabilities 
driven by situational aspects (par. 6.3.1). In our case study context, the mechatronics 
engineers had particular capabilities. In most cases, assigning based on capabilities was 
the same as assigning to a specific engineer. This limitation in choice affected the 
diversity of the deviation arguments collected. We missed the capability arguments, 
while the task-related arguments were still diverse (11.3.4 Table 11-8).  

12.3.5 Conclusion about validity and reliability of this research 
We spotted several limitations to ensure reliability and validity. We accepted them 

during the design and validation process and evaluated their impact. To our knowledge, 
the limitations did not undermine the reliability or validity of the results.  

However, the external validity is limited to a particular scope due to the applied 
purposeful sampling strategy. The design proposition is successfully applied at a 
mechatronics department of an NPD organisation (par. 11.3.7). Unfortunately, no 
success was achieved at an ICT department of a semi-government organisation (par. 
2.6) and an NPD’s software department (par. 11.4). Therefore, further research is 
required to explore the scope of the applicability of the design proposition.  

12.4 Theoretical contributions  

By conducting a literature study, we identified a gap in the literature. Scholars 
already agreed that resource allocation in multi-project environments under uncertainty 
is a troublesome issue for managers. The majority of the scholars approach the resource 
allocation challenge as a scheduling problem. Other scholars advocate using human 
intelligence since many factors that drive the resource allocation decisions are difficult 
to quantify and embed in scheduling algorithms. In none of the theoretical disciplines, 
an agreed solution could be found for the resource allocation problem (par. 12.2.1). 

This research showed that it is worthwhile to look for solutions outside a discipline 
in isolation for complex problems like resource allocation under uncertainty. By 
focusing on the issue, we came to a proposal to fill the identified gap by combining 
human intelligence with scheduling heuristics. We have demonstrated that this multi-
disciplinary research approach can lead to satisficing resource allocation decisions.  
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Driven by the problem, we looked for theoretical explanations of the symptoms 
witnessed in practice. By applying the CIMO logic, underlying mechanisms were 
explored to provide a context in which the combination of human decision-making and 
operational research could be applied successfully. This exploration resulted in multi-
disciplinary research applying the following theories (source par. 5.9):  
• The complexity theory claims that there are two types of complexity: structural and 

dynamic complexity.  
• We looked at cognitive psychology for a theory of how to make decisions in 

complex environments, which resulted in the bounded rationality theory and the 
anchoring and adjustment theory. 

• The bounded rationality theory claims that in an NP-hard environment, like an 
MPE, satisficing decisions can be made at best.  

• The anchoring and adjustment theory shows under what circumstances the priority 
list can serve as an anchor and how deviations from the priority list can lead to 
satisficing decisions. 

• The operational research suggests that PR-heuristics can provide a suitable anchor 
for decision-making, are widely accepted in practice and can be implemented with 
reasonable small effort. 

• The knowledge management theory suggests that it is hard to share local knowledge 
with higher management. However, it can be shared with local decision-makers in 
an engaging environment of collegiality, openness, and trust. 

• The Sociotechnical System Design theory gives guidelines on how to involve local 
knowledge in the decision-making process and how to involve local decision-
makers in the decision process. 

• The job-demand control theory explains that allowing deviation from the priority 
list will increase the perceived control of time, decrease stress, improve job 
satisfaction and organisational output. 

• The learning theory provides guidelines to facilitate the learning process for 
teaching local decision-makers how to make resource allocation decisions. 

 
The contribution of this research implies that this wide variety of theories are 

carefully connected to each other, which has resulted, in DSR terms, in a “grounded” 
design proposition. Combined, these theories have given sufficient arguments to 
reasonably expect the interventions to produce the intended outcome. The validation in 
practice has confirmed this. This research has proven that the strengths and weaknesses 
of humans and operational research compensate each other to such an extent that the 
combination results in satisficing resource allocation decisions.  

Summarised, all theories applied appear to be compatible. There seems to be 
cohesion between them, and they appear to reinforce one another. We did not notice 
interaction problems between the selected theories. Instead of contributing to a specific 
discipline, this research has shown that a gap in literature can be filled by combining 
existing research.  
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12.5 Further research and recommendations 

The research described in this thesis is a novel multi-disciplinary perspective on 
combining human insights with scheduling heuristics in terms of resource allocation. 
Further research can be conducted based on the results presented in this thesis. In this 
paragraph, we defined and described its main possible directions: 
1. Specifying the design proposition’s guidelines. This action intends to increase the 

likelihood of success in implementing the design proposition.  
2. Extending the applicability of the design proposition. The objective is to broaden the 

scope by applying the design proposition in different domains. Additional research 
will explore the boundaries of the guidelines. 

3. Improving the ease of use in applying the design proposition. Improving the 
implementation routine should increase the practical applicability of the design 
proposition. 

4. Applying artificial intelligence to resource allocation. Research is required about 
combining human intelligence with AI-based scheduling in a multi-project setting. 

12.5.1 Specifying the design proposition’s guidelines in detail 
In this thesis, we applied the design proposition in two cases. One case was 

successful, and another was not. So, there is undoubtedly room for improvement. This 
chapter reflects on several areas where the design proposition could be improved (par. 
12.2.4, 12.3.4). Based on the results presented in this thesis, we will now describe where 
further research is required to enhance the design proposition. The outcome of this 
research should result in an increased success rate of implementing the design 
proposition.  
 
Specifying the context guidelines 

We applied the design proposition successfully in an NPD environment that matched 
our context guidelines. However, as mentioned in limitations 12.3.4, it can be the case 
that NPD environments have other characteristics than those covered by the context 
guidelines. Further research is required to investigate if other factors were at play in the 
environment, we were unaware of. These characteristics could be essential for a 
successful applicability of the design proposition. Defining additional guidelines based 
on these characteristics can increase the success of implementing the design 
proposition.  

 
Specifying the operational guidelines 

Further research about the operational guidelines is also required to gain better 
insight into their effect, applicability, and boundaries. In this chapter, we defined two 
guidelines at which this is applicable. 

Guideline G-5, “Project tasks are allocated to resources instead of the other way 
around”. The idea was to allocate the most appropriate resource. The allocation was 
based on the required capabilities and situational aspects. However, in this thesis’ case 
study context, the engineers had specific capabilities. As a result, there was limited 
choice in selecting a different engineer from a resource pool for a task (par. 12.3.4). In 
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further research, it is interesting to see how the higher interchangeability of employees 
affects the measurements and the output. Questions to answer could be as follows: does 
higher interchangeability affect the distribution between justifiable and non-justifiable 
arguments? Does it lead to more or less deviations from the priority list? Does it increase 
the diversity of the arguments for deviating from the priority list? And finally, does 
higher interchangeability lead to more satisficing resource allocation decisions?  

The other guideline to refine is G-8, “Scheduling heuristics should be easy to use, 
understand, implement and maintain”. As suggested in paragraph 12.2.4, this guideline 
is probably too strict. Maintaining and implementing the PMIS could be done by a 
trained PMO. So limited ease of use in a PMO context would likely not negatively affect 
the research outcome. In addition, having a PMO could be a context criterion 
contributing to a successful application of the design proposition. In general, a PMO 
ensures a certain level of project management maturity, which was the context guideline 
C-4 we struggled the most with (par. 10.2). Furthermore, a PMO could facilitate the 
learning intervention. So, from multiple points of view, it is interesting to apply the 
design proposition in an environment that is supported by a PMO. 

Some questions can also be asked for the other guidelines, e.g. G-10. How frequently 
is it necessary to assess the arguments for deviating from the heuristic: only at the start 
of the implementation or also during the entire process? To evaluate the decision-
making process, similar questions could be asked for guideline G-11.  

Researching these topics could increase the likelihood of success in implementing 
the design proposition. Note that when adjustments are made to the design proposition, 
one should run an entire reflective and regulative DSR cycle to evaluate the 
effectiveness of changes (par. 1.3.3).  

12.5.2 Extending the applicability of the design proposition 
As mentioned in paragraph 12.3.5, the external validity is limited to a specific scope 

due to the applied purposeful sampling strategy. Further research is required to explore 
the scope of the applicability of the design proposition.  

Engineering to Order (ETO) environments could be a candidate to explore. ETO and 
NPD environments are examples of professional project structures. Based on 
Mintzberg’s classification, they share similar characteristics (Appendix H; Rahman & 
Baksh, 2003). Therefore, it is likely that the design proposition is also applicable in 
these environments. Moreover, three of the five pre-cases described in chapter 2 are 
ETO environments. All these pre-cases share a common fact: human intelligence was 
successfully combined with the use of heuristics. All these cases mention a higher 
organisational output. Further research at ETO environments could extend the 
applicability of the design proposition. Based on Mintzberg’s classification, there could 
also be other professional project organisation types than ETO and NPD to which the 
design proposition applies.  

Another interesting area for further research is agile (software) development 
environments. We applied the design proposition (without success) to a hybrid 
organisation that applies both agile and waterfall (par. 11.6). Nevertheless, best 
practices are available for hybrid organisations (Dingsøyr et al., 2018; Hobbs & Petit, 
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2017; Sommer et al., 2015). However, multiple issues generally play to finding a 
compromise between agile working and milestone-oriented working (Kusters et al., 
2017). Therefore, we recommend applying the design proposition in the first instance 
in a non-hybrid agile environment.  

Agile environments match our guidelines to a great extent: (a) they are based on 
decentralised human decision-making (par. 3.5.3); (b) decisions are made frequently 
during daily stand-ups, (c) close to the moment of task execution, and (d) based on local 
knowledge (par. 5.6); (e) learning is embedded in the reflection step of the process. 
However, an effort is required to apply the right priority rule (guideline G-7). Priority 
rules like MoSCoW1 in combination with DSDM2 (Bogojević, 2017) can be an effective 
approach, as discussed in paragraph 11.6. Seeing the positive results of the mechatronic 
department, this is certainly worth investigating.  

12.5.3 Improve the ease of use in applying the design proposition 
This research took a considerable amount of effort and time. This can limit the 

practical applicability. A following implementation is expected to be more efficient 
because the wheel is already invented. However, this is not a guarantee. Situational 
aspects, like the reorganisation we faced, is out of the researcher’s circle of influence. 
Nevertheless, based on the experiences of this research, it is also worthwhile to 
investigate how to apply the design proposition more routinely.  

A starting point could be to improve the plan of action defined in chapter 8 and the 
execution of this plan described in chapter 10. Applying organisational change 
management theory could result in a more effective implementation process. To some 
extent, this is described in the context of this thesis by Tromp & Homan, 2015 at pre-
case two (par. 2.3). From a multi-disciplinary research point of view, it would be 
interesting to see how the organisational change management theory interacts with the 
theories used in the thesis as described in paragraph 12.4. 

A practical aspect that took a considerable amount of time was gathering and 
interpreting data from the organisation. From a research point of view, this was worth 
the effort to collect and analyse the data in detail. This level of detail appeared to be a 
burden for practical use and not required to maintain the satisficing resource allocation 
decisions’ output (par. 12.2.4). An interesting aspect for further study is investigating if 
it is possible to harvest experiences from practice more efficiently and reliably.   

As a possible cause, the automated data collection and semi-automated analysis 
approach could be optimised (par. 9.4.1 & 9.4.2).  Analysis shows that the top-10 
argument classes covered 78% of all cases (par. 11.3.3). For a human, it was reasonably 
trivial to classify based on decisions made in the past (par. 11.2.2). The diversity was 
enclosed in the remaining 22% of the cases. This makes it worthwhile to invest the 
effort to ease the collection and assessment of the trivial cases while preserving the 
diversity of the arguments. It should be kept in mind that this top-10 can differ per 
organisation and even per department and can vary over time.  

 
1
 MoSCoW: Must have, Should haves, Could haves, Won’t haves. 

2
 DSDM: Dynamic Software Development Method 
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12.5.4 Applying artificial intelligence to resource allocation 
An emerging area of research is applying artificial intelligence (AI) and, more 

specifically, machine learning (ML) to project management (Hazil et al., 2020; 
Kanakaris et al., 2019; Pospieszny et al., 2018). There are some examples of the ways 
to apply AI in this area: predictive project analytics, effort & duration estimations, risk 
management, virtual assistance using NLP, portfolio management and scheduling 
(Boudreau, 2019; Niederman, 2021).   

In line with our study, a (multi-disciplinary) research about combining human 
intelligence with AI scheduling in a multi-project setting is required. Using AI 
scheduling can have advantages (Ghiani et al., 2020; Karimi-Mamaghan et al., 2022).  
However, attention must be paid to the local decision-makers’ acceptance and trust in 
AI (Wang, 2019). Our research has shown that humans have arguments that are 
probably also hard to embed in the data sets used for AI (par. 11.3.3). A possible 
outcome is that AI scheduling will reduce the percentage of justifiable deviations from 
the priority list. Still, human decision-making will remain important due to the unique 
character of the projects and the dynamics of an MPE.  

 When an organisation invests in AI scheduling, it is reasonable to think that more 
managers believe in the quality of the schedule. The risk is a fall back to Taylorist 
principles of “complex organisations and simple jobs” (Sitter et al., 1997; par. 5.7). As 
a result, the local decision-makers’ perceived control of time could decrease. Following 
the job-demand resource model can lead to lower job satisfaction and lower 
organisational output (Claessens, 2004; par. 5.7). Also, in pre-case 1 (par. 2.2), we 
understood that better algorithms do not necessarily lead to a better organisational 
output. Therefore, additional (multi-disciplinary) research is required to investigate the 
effect of applying AI scheduling algorithms by taking the human factor into account.  

An alternative AI application is supporting the learning intervention. Predictive 
analytics could help local decision-makers to assess if the arguments for deviating from 
the priority list are a justifiable deviation. The assessment can be done at the moment 
of resource allocation, instead of once per week like we did in this research. Based on 
the findings in paragraph 11.3.3, it is expected that this will be successful advice for 
most of the cases. If the AI assessment is incorrect, the system can ask the local 
decision-maker for an argument and reinforcement learning could be applied to train 
the system. Over a more extended period, these assessments can be used as input for the 
periodical evaluation of the decision-making process (guideline G-11). AI could 
overcome the obstacle raised by the manager that analysing the allocation decisions in 
detail is a labour-intensive activity (par. 12.2.4 OBJ-4.B). AI can contribute to the ease 
of use in applying the design proposition as discussed in 12.5.3. 
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Appendices 

Appendix A Plan of Action for Case Study Organisation 
MDX 

The plan of action consists of two parts. Part one, appendix A.1, meets MDX’s 
business requirements by implementing the resource allocation process. Implementing 
the business guidelines also covered the context guidelines (par.8.2).  Part two, 
appendix A.2, summarises, based on paragraph 8.3, the plan to implement the design 
proposition’s operational guidelines.  Chapter 10 describes the execution of this plan of 
action. 

A.1 Plan of action to meet MDX’s business requirements 

We defined a plan of action to meet MDX’s business requirements (Table A-2). This 
plan of action contains multiple phases. In the first instance, phase 1 is implementing 
the technical part of the PMIS. After training the participants in the applied management 
methodology in phase 2, we focus on phase 3 on achieving a basic level of project 
management maturity. Note that, as required by our context requirements (par. 7.4.2). 
Thirdly, when the basics are in place, the focus is on phase 4 and 5 on facilitating the 
resource allocation process. By implementing these steps, we expect to meet as well 
MDX’s business requirements as the context requirements.  

Table A-2 Plan of action and results 

Phase Content 

1 Technical installation Cloud and connection with MS-Projects and Jira 

Creation of the PMIS cloud environment for MDX. 

Expected results: 

• PMIS is up and running in the cloud  

• MS-project add-on installed at a local client  

• Integration with Jira for the software department 

• Ability to upload and synchronise projects in two directions from client machines 

• Mobile updates via IOS/Android app possible 

2. Team workshop, creating buy-in 

What does the multi-project management method entail? What are the benefits for employees and 

management? How is the desired situation achieved? 

Expected results: 

• Stakeholders describe and recognise multi-project management issues at MDX 

• People agree with the direction of the solution  

• It has been indicated which points need to be solved additionally to implement the PMIS 

successfully. 
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Phase Content 

3. Standardise multi-project management 

• Basic training use of MS-project in combination with PMIS. 

• Creating MS-project template(s) 

• Determine resources (functional groups) based on skills across all departments within the pilot 

scope. 

• Determining available capacity per person/group 

• Define current projects (preferably based on the prepared template) 

• Determine the future load of all resources (groups). The calculation follows from PMIS. 

• Establish priority in handling all tasks within the projects.  

Expected results: 

• Overview of the majority of projects in the portfolio overview of PMIS  

• Planned load all resources and resource groups involved. 

• The priority list of all open tasks per resource (group) 

• Overview of bottlenecks at a resource level 

4. Stabilise management system & continuously improve 

This phase is characterised by continuous monitoring of the project’s actual progress and the 

resource groups and the initiation of improvement initiatives with regard to project management. 

• Drawing up and monitoring improvement actions with regard to project management. 

• Continuous monitoring of over / under load due to (un)expected events 

• Resource load balancing; Monitoring the capacity, loading and output parameters at the 

resource group level and checking assumptions when creating the plan. 

• ‘Full kit’ monitoring to ensure that employees can actually start tasks 

• Management and control of working according to the priority list and registration/assessment 

of deviations. 

• Monitoring the realised flow of man-hours per resource group 

• The organisation of employee registration discipline 

• Promoting PMIS methodology in the organisation, as well as among employees and 

management through workshops or short intro sessions. 

Expected results: 

• The employees work according to the priority list 

• Progress control at the resource groups. 

• Analysis possibilities if the planned output of work deviates from the actual flow of work. 

• Progress control of the project 

• Evaluation of planned improvement actions 

5. Analysis & Evaluation  

• Analysis of the loading, output, and capacities in PMIS  

• Determining performance improvement  

• Evaluation of the management of the team using PMIS data 

• Define and evaluate improvement actions  

Expected results: 

• Insight into the performance of the organisation  

• Active involvement of employees  

• Solving bottlenecks in progress  

• Extra performance improvement  
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A.2 Plan of action to implement operational guidelines 

This appendix describes the plan of action  for the operational guidelines. These 
operational guidelines are defined in chapter 7. In chapter 8, we determined to what 
extent MDX applies these guidelines. Based on this analysis, Table A-3 summarises the 
plan of action to implement the context guidelines.   

Table A-3 Plan of action to implement operational guidelines 

Operational Guidelines Action 

G-1 Humans make the 

final resource allocation 

decision. 

Analysis: Plan is used as a reference; humans take the decision.  

Action: No further action required. 

Expected results: As described in the analysis. 

G-2 Decision-makers 

must have access to local 

knowledge. 

Analysis: Team leaders are the decision-makers, and they have access to local 

knowledge.  

Action: No further action required. 

Expected result: As described in the analysis. 

G-3 Make the resource 

allocation decision close 

to the moment of task 

execution. 

Analysis: At the software department, this is done within days before the days 

is executed. At mechatronics, the domain managers plan the resources to 

tasks in a Gantt schedule at the project’s start. In reality, the Mechatronics 

engineers have their spreadsheet where they determine themselves were to 

work on. Allocation happens on an ad-hoc basis. 

Action: Instead of using the Gantt or Spreadsheet to plan when a task takes 

place, we introduce the priority list. When a task is finished, the engineer 

selects a new task from the priority list to execute.  

Expected result: By using the priority list, the engineers select the task to be 

executed based on the priority list when they have finished their previous 

task.   

G-4 Decision-makers 

should be authorised to 

make resource allocations 

decisions on operational 

level. 

Analysis: The team leaders have the authority to make resource allocation 

decisions. 

Action: No further action required. 

Expected result: As described in the analysis. 

G-5 Project tasks are allo-

cated to resources instead 

of the other way around. 

Analysis: The software developers are allocated to projects for the duration of 

a sprint of two weeks. At mechatronics, the domain managers allocate the 

engineers to projects tasks in the Gantt chart.  

Action: Still, the engineer’s names are attached to tasks at the start of the 

project. But the actual allocation of a project task is done at the moment of 

execution when a task is selected from the list.  

Expected result: The engineers pick the tasks from the priority list instead of 

the engineers are picked to work on a project. 

G-6 Scheduling heuristics 

must be used as a 

reference for the resource 

allocation decision. 

Analysis: The project schedule is made at the start of the project to request 

resources but is not used during execution. 

Action: Introduce the rule that the engineers have to pick the highest priority 

task from the priority list and give a reason when deviating from it. 

Expected result: Engineers use the priority list to base their resource 

allocation decision on.  

G-7 Scheduling heuristics 

can deliver an acceptable 

benchmark for supporting 

the organisation’s objec-

tives. 

Analysis: Task priorities between projects are not determined objectively. 

Resource allocation is done by negotiation in case of shortages or left to the 

engineers themselves. 

Action: We used heuristics that defines the priority based on remaining work 

related to the delivery data. This suits the objective of MDX to deliver 

projects with a predefined scope at a specific time. This heuristic, similar to 

the critical path, has an acceptable benchmark. 
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Operational Guidelines Action 

Expected result: Projects are delivered in the order as intended by higher 

management. 

G-8 Scheduling heuristics 

should be easy to use, 

understand, implement, 

and maintain. 

Analysis: The domain managers complain that it requires each month a sig-

nificant amount of effort to collect, process and maintain the overview of all 

projects. 

Action: To overcome the obstacles in planning, we introduced: 

- The priority list is understandable by each engineer and is maintained on 

task level by themselves. 

- A “serious business game” explaining the applied heuristics. A short 

version for C-level management and an extensive version for the en-

gineers and team leads using heuristics.  

- Engineers can use project templates to define their own plan and the 

authority to maintain their plan.  

- The manager is in charge of the milestone dates.  

- A system that automatically updates the planning, resource load, 

milestone report in real-time based on changes in priority list and 

planning. 

- Access to real-time management information throughout the whole 

organisation based on permissions. 

Expected result: 
- Engineers are able to define, update and maintain, their plans 

- Real-time overview of all projects in the portfolio. 

- Reduced planning overhead   

G-9 The decision-makers 

are allowed to deviate 

from the scheduling 

proposed by the heuristics. 

Analysis: Deviations from the (Gantt) planning take place regularly. The 

planning shifts in time so frequently that the domain managers can’t maintain 

the schedule. The engineers decide based on their insight into what task to do 

next and get the management’s freedom to do so.    

Action: We introduced the rule that the engineers are allowed from the 

priority list if they have a good reason to do so. We measured the arguments 

and discussed them (see G-10) 

Expected result: By providing a priority list of good quality and a rule to 

deviate from it, we expect that: 
- The engineers accept  

G-10 Frequently assess if 

the arguments for 

deviating from the 

heuristic are accepted as a 

justifiable deviation. 

Analysis: At the Software team they have a daily stand-up meeting where the 

team decides what task to do. For the mechatronics team, there is no (formal) 

process in place. 

Action:  Bi-weekly, the researcher collects the arguments for deviations and 

discusses them with the team. 

Expected result:  
- Engineers learn to define arguments about why they select a task. 

- Engineers pick their next task consensually.  

- The team learns from their behaviour resulting in improved resource 

allocation decisions. 

G-11 Periodically evaluate 

the decision-making 

process and analyse the 

type of reasoning. 

Analysis: As mentioned in context-guideline C-11, the Software team reviews 

once per sprint of two weeks their processes and improvement initiatives. For 

mechatronics, team learning is not (formally) defined. 

Action: Plan a session every six weeks. Discuss the resource allocation pro-

cess with the engineers and management to define improvement actions.  

Expected result: Teams learns how to improve the resource allocation pro-

cess. 

Source of analysis, chapter 8, Table 8-3 



 

Appendix B Improvement Actions initiated by MDX 

Periodically the team evaluated the resource allocation process and initiated actions 
to improve the process. The actions are listed in the tables below and are gathered from 
the event log. The texts are as latterly as possible translated from Dutch to English. The 
evaluation of if an item is effectively implemented is performed by the team. The 
researcher did not do any further analysis on the compliance.  

The improvements actions were initiated during the regular team meetings and 
reviewed periodically, approximately once per three months. In total 37 improvement 
actions were initiated by the team. Some items partly overlap each other. In result, two 
actions were not accomplished, and five partially. Thirty actions were implemented 
successfully entirely.   

Table B-1 Improvement actions defined October 11
th
, 2018. Compliance evaluated on January 24

th
, 2019 

ID Improvement action Comment Com-
pliance 

1.  Work according to the list of project pri-

orities. (At the start, all projects had prior-

ity 1) 

All: “Yes!” (They were excited) 

CEO: We have to keep on supporting this. 

Sales have to judge new calls and initiatives. 

+ 

2.  The three teams are combined into two 

teams. When possible, work with both 

teams on one project. 

There are now two teams. These will be 

merged into one team in February. 

+ 

3.  The number of SW projects that run 

parallel to the execution is reduced to 1 

max. 2. 

- We worked at two projects in parallel. It 

took some time to get rid of old initiatives. 

In February, we plan to work mainly on one 

project. 

- The set-up times are reduced. 

+/- 

4.  The “Definition of Done” is the delivery 

of a release. 

SW engineer: “We have the following rule:  

- Do no tasks in parallel 

- Stop only with a task when it is finished 

- A task is finished when the quality is ok. 

 

Releases get delivered now.  

+ 

5.  Plan SW maintenance sprints after a 

release. (Instead of disturbance in 

between) 

SW Maintenance sprints are planned. Sales 

and product manager can define which 

items must be added. Team leader SW de-

cides together with director innovation if the 

maintenance sprint must be executed or not. 

+ 

6.  “P1” calls (critical problems) can be 

added to a sprint at any time. 

This is effective, but it was not necessary to 

apply this period. 

+ 

7.  “Full-kit” approach; start a release sprint 

only if all specifications and necessary 

materials are present. If that is not the 

case, schedule a maintenance sprint and 

delay the expiry date of the release (s) 

with the duration of the sprint. 

For SW, a checklist is introduced to meas-

ure if there is a “full kit”. ME uses the pro-

ject template as a checklist. Both are used as 

a go-no-go to start the development phase 

(P4). CEO warned that it is now even more 

“tricky” to start without a full kit since the 

whole SW team is working on one project.  

+ 
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ID Improvement action Comment Com-
pliance 

8.  If a release takes more than four 

consecutive sprints, an interim 

maintenance sprint is planned. 

See point 5. + 

9.  The 25% currently reserved for 

maintenance during every sprint becomes 

obsolete with these measures and is 

cancelled. 

See point 5 + 

10.  Small projects are added to the SW 

maintenance sprint. 

There is one disruption handled by the ap-

propriate developer that takes more effort 

than initially thought, which could better be 

called a small project to be handled in 

maintenance sprint.  

+/- 

11.  Reserve one, max two SW developers per 

turn to deal with daily disruptions. 

The disruptions appear to be less urgent and 

ad hoc as expected. Therefore, they are able 

to assign the appropriate SW developer 

based on the nature of the disruption.  

+ 

12.  “Staggering” of the projects around the 

SW team, which is the bottleneck of the 

organisation 

SW projects are staggered based on the pro-

ject priorities (see point 1). The effect is that 

the load is distributed reasonably equally 

over time. 

Currently, there are no connections between 

SW and ME projects, but if needed, the soft-

ware supports it to stagger ME projects 

based on SW load.  

+ 

13.  Provide realistic delivery data (not too 

much and not too little buffer) 

For SW, based on load yes. However, this 

due date cannot be determined based on the 

critical path since the structure is insuffi-

cient. 

Engineer ME stated, “This is the first time 

we have a planning on black and white. We 

have to manage now based on facts.”  

+/- 

Source event log “+” means action is according to team effectively implemented , “-” non-implemented, 

“+/-” partially implemented. 
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Table B-2 Improvement actions defined January 31
st
, 2019, evaluated May 9

th
,  2019 

ID Improvement action Comments Com–
pliance 

1. Close old SW projects that limit the SW 

team to work with the maximum reasonably 

possible in the projects with the highest pri-

ority. (Improvement of point 3 previous list) 

At 9/5, they expect that the old projects 

that prevent them from adapting the new 

way of working are finished. 

+ 

2. Be strict on what is called a “disruption” in 

SW. a) Define if it can be handled during a 

sprint.  b) should be postponed to the 

maintenance release. c) If it should become a 

small project.   

The process is in place. It depends a bit on 

the “Rush goalie” who is on duty, how 

many disruptions take place. 

+/- 

3. Introduce Epicflow to SW team members. 

(Although they continue to work in Jira) 

Done. Output graph is also shown on a 

retrospective session. 

+ 

4. Improve planning of SW projects to under-

stand the delivery date better. (i.e., Can we 

create a critical path?) 

It is applied in a different way: smaller 

projects are defined and are staggered, 

which gives a good overview of the deliv-

ery date.  

+ 

5. Improve the time registration by regularly 

writing hours. Preferably daily. (Also re-

quired for WBSO reporting) 

In the PMIS, a personal timesheet is added 

to enter the hours of Mechatronics, and in 

Jira, a tool is used for SW. 

+ 

6. Formulate “full kit call” based on a checklist 

(SW) and project template (ME) to start 

phase 4 (adjust the current procedure based 

on the role of domain management, as an 

improvement to point 7 of previous list) 

Done. Templates are applied at the start of 

projects. 

+ 

7. Reduce administrative overhead by disabling 

the current hourly reporting tool and switch-

ing to hourly writing in Epicflow and Jira 

and adapting Epicflow to generate reporting. 

Done. See point 5. + 

8. Spread the Flow method of working outside 

the innovation department. (To prevent other 

departments knocking on back doors to push 

their initiatives through) 

Some departments are informed. The man-

agement team asked for a presentation. 

For other departments, a plan should be 

made.    

+/- 

9. Always plan Mechatronics CRs in a certain 

month. (Lock planning) 

The mechanism is in place and is applied. + 

10. Prepare a feasible ME and SW planning by 

adjusting milestones. (Now: move platform 

2020 since it created a resource overload) 

Milestones are set based on the capacity of 

the resources. As good as possible, also 

the performance is taken into account. 

+ 

11. Improve PMIS software to handle long wait-

ing times (UCLT) in the project. (UCLT 

means Uncompressible Lead Time) 

In the PMIS, it is now possible to adjust 

the risk factor per resource group. UCLT 

now has a low-risk factor.  

+ 

12. ME: Fill in the comment field why you are 

picking up this task. (Also indicate if the 

task list is incorrect and why) 

Done. We also discuss the reason for task 

selection every month. 

+ 

13. Use ME team to define a list of improve-

ment actions to reduce poor multitasking. 

(People are now too much disturbed by e-

mail and phone calls) 

See point 12. We discuss the improvement 

actions during the team meetings.  

+ 

Source event log “+” means action is according to team effectively implemented , “-” non-implemented, 

“+/-” partially implemented. 



268      Appendix B 

 

Table B-3 Improvement actions defined May 9
 the

 2019. Compliance evaluated on October 4
th
, 2019 

ID Improvement action Comments Com-
pliance 

1. Planning & reporting in line with sales 

sheet. (In terms of name, priority, delivery 

dates, budget, and status) 

- Add budgets (in man hours) to sales 

sheet and monitor this in Epicflow 

- Make the order of projects customisable 

in Epicflow (not just by priority) 

- Record the delivery date in the sales 

sheet. Adjust only in accordance with the 

management team. 

- Report on feasibility delivery date in the 

same way as in Epicflow (blue, green, yel-

low, blue) 

Management already defined the priorities 

per project 

The management uses the input from the pri-

ority list, converted into a spreadsheet dur-

ing team meetings from September on. 

+ 

2. Take action when the project is on hold, 

delayed, or resource overloaded. Also, 

management has to take action. 

The manager uses the priority list during 

team meetings. 

+ 

3. Create template ME(red. mechatronics) 

for small projects (simplify current tem-

plate) 

Template is created. + 

4. Identify deviations from the priority and 

take action where necessary. For SW at a 

project level, for ME continue this at task 

level. The aim is to curb multitasking and 

increase flow. 

Discussed during team meetings.  + 

5. Team members should adjust the schedule 

themselves without having to go into MS 

project. [desire quit MSP] 

MS-Project is no longer used. Planning can 

be maintained online by the engineers. 

+ 

6. Import leave hours from data provided by 

the leave hours tool. 

Works from Epicflow, but tool output is not 

good. Now done by hand. 

- 

7. Distribute the Flow method of working 

outside the innovation department. (Also, 

to prevent other departments from knock-

ing behind the door to push through their 

initiatives) -> is point from previous list 

Feb-April 

Session planned for 7 Nov. 

 

+ 

8. Set a baseline for ME projects and meas-

ure the output based on the planned work, 

as is also done for the SW projects. 

Base lines are created and spent hours/output 

is tracked against baseline. 

+ 

9. CR/PRs may only be picked up after ap-

proval by the product manager via the call 

system. The head of innovation joins this 

meeting. 

Process is defined in July and august and ef-

fective companywide from September. 

Max of 15% of spent hours allowed on PR 

and CRs. 

+ 

10. Frequently view (e.g., at stand up) the SW 

team’s output and analyse if it falls short 

of expectations and report this. 

Process is not active at SW. - 

11. Prioritise CR/PRs that need to be ad-

dressed urgently. These should also be at 

the top of the priority list. 

 P1 calls are clearly visible and are at the top 

of the list. 

+ 

Source event log “+” means action is according to team effectively implemented , “-” non-implemented, 

“+/-” partially implemented. 



 

Appendix C MDX Classification of resource allocation 
arguments 

Table C-1 and Table C-3 show the collected arguments. These arguments are 
collected and discussed during the team meetings. During these team meetings we had 
access to the PMIS to show, when needed, the details of the executed tasks and of the 
tasks that were skipped in the priority list.   

The arguments were classified by the researcher guiding the implementation and the 
team meetings. The other two research workers of the research team classified all the 
collected arguments by similar grouping arguments based on text analysis. 

C.1 Non-justifiable resource allocation deviation arguments 

To preserve the diversity, only highly similar arguments are grouped in the third 
column and their occurrences are displayed in the last column. The higher-level 
classification and the number arguments per class are displayed in column one and two. 
To preserve the diversity, we did not adjust the statements, it is the raw data that is 
displayed. 

Table C-1 Non-justifiable resource allocation deviation arguments grouped per class 

# In 
Class 

Reason classi-
fication 

Arguments #Occur-
rences 

17x I can’t resist 

helping others  

  

I can’t resist helping another department.  8x 

I thought this task was ready, but sales demanded extra things we did 

not foresee. The sales guy was just next to my desk. 

1x 

I can’t resist helping another department. Also, sales should follow 

the process. 

1x 

No rush-goalie <red. later called Libero>:  this week. Should not 

support other departments. 

4x 

No rush-goalie. Should leave it to the new guy. 2x 

No rush-goalie. Small tasks are done in between. 1x 

2x No valid reason 

given 

 

Check why documentation of XYZ redesign (1) Project Z tasks was 

skipped. 

1x 

No valid reason given. 1x 

25x Official channel 

by-passed to 

work on CR/PR 

 

<CR= change 

request, PR= 

problem report> 

 

1) No material CE project - date moved by the supplier to 23/9.  2) 

XYZ Slave Bus Board present? No reason is given in the planning 

system. Could work on manual instead of this not authorised CR (see 

later). 

3x 

CR is not approved. <red. CR  = change request> 5x 

Rush goalie this week. But CR is not approved. 1x 

Stopped working on wind tunnel (highest priority) because “I was 

disturbed by PR and CR tasks”. <red. PR  = problem report> 

1x 

Rush goalie this week: Note that PR has no ID, not agreed by the 

CR/PR committee. 

1x 
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# In 
Class 

Reason classi-
fication 

Arguments #Occur-
rences 

It should be entered as a new feasibility project. Nevertheless, also, a 

high primo project is skipped. (User is not handy with planning) 

1x 

This task has no call-ID, so not according to the CR/PR process. 1x 

He worked on CR while there was an urgent project task. This CR 

was not entered by the process. Team internally and management 

disagrees. 

6x 

He worked on PR while there was an urgent project task. This PR 

was not entered by the process. Team and management internally 

disagree. 

6x 

5x Project stage-

gate ignored 

 

F3 task had to be closed first before working on tasks in the next 

phase. The resource did not dare to close tasks. 

1x 

This project was added without management or product management 

approval.  

2x 

You should not work on the F4 task without management approval 

on F3. Make clear to the team where F3 ends and F4 starts. <red. F3 

& F4 are stage gate phases> 

2x 

3x Pushed by man-

agement 

 

The Director of France called me directly. Via appropriate channel, 

he gets nothing done for months. 

1x 

No Too much spent on PR/CR. Marketing does not plan and causes 

interruptions. Only this employee can answer. Nevertheless, it is un-

wanted. 

1x 

Why Project T+ design approval instead of construct dossier Project 

F? Both use the same test env. Project F had preference planning 

wise, but management asks more about Project T+, but consequence 

delay project XYZ is big. 

1x 

17x Too much spent 

on PR/CR 

 

15% limit exceeded this week; Doing short task while no urgent 

tasks waiting, but still not wanted behaviour. 

1x 

No Too much spent on PR/CR. 13x 

No Too much spent on PR/CR (regarded as assignment change since 

job is changed). 

2x 

A short task is allowed as long as it is < 15% per week. However, it 

is more. See other CRs this week. 

1x 

Source: Measurement instrument MI-2 the analysis spreadsheet 
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Table C-2 Non-justifiable resource allocation deviation arguments per class per month 

Non-Justifiable Class Jul. Aug. Sept. Oct. Nov. Dec. Total 

Official channel by-passed to work on 

CR/PR 

6 8 9    23 

Too much spend on PR/CR   5 9 3  17 

Can’t resist helping others  6 3 5 1 2  17 

Project stage gate ignored 1 3 1    5 

Pushed by management    1 1 1 3 

No valid reason given  1 1    2 

Total 13 15 21 11 6 1 67 

Source: Measurement instrument MI-2 the analysis spreadsheet 

C.2 Justifiable resource allocation deviation arguments 

To preserve the diversity, only highly similar arguments are grouped in the third 
column and their occurrences are displayed in the last column. The higher-level 
classification and the number arguments per class are displayed in column one and two. 
To preserve the diversity, we did not adjust the statements, it is the raw data that is 
displayed. 

Table C-3 Justifiable resource allocation deviation arguments grouped per reason class 

# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

54 Highest prior-

ity task 

<no special reasons reported other than that the highest priority  task 

was executed> 

54 

32 Allowed non-

project work 

Correct deviation?  Why 5 hrs spend on this PR? Still PR+CR <15% 1 

If PR time does not exceed 15%, then ok (in this case ok) 1 

Short tasks are allowed as long as  its < 15% per week. 1 

Why on this CR? Spend <15% on PR+CR so justifiable 2 

It’s allowed to spend <15% at PR+CR 27 

30 Process can’t 

be planned 

Project Z tasks skipped, but these in this stage only meetings organised 

by others.  

5 

1) Project Z tasks skipped, but these in this stage only meetings organ-

ised by others. 2) Field test can be done in parallel with documentation 

1 

Project ABZ task are agreed to do on demand. (can’t be planned, since 

everyone agrees on prio its classified as J-P) 

20 

reason 2: Project Z tasks skipped, but these in this stage only meetings 

organised by others. 

1 

Was a meeting that had to be attended by developer. 2 

Worked on task of same project ABC on demand.  1 

29 Wrong plan-

ning: this task 

has prio 

Contribution to collaborative research, maybe it was better to add it to 

the next phase. 

1 

deviation from planning but project XYZ has highest prio. 2 

Management increased priority of this project, but this is not adapted in 

the planning. This one should be our USP for 2020. 

1 
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# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

Manager: Stage gate is skipped because we have to make the exhibition 

date. 

1 

MS meeting Project GTI skipped because it’s on hold;-> set this in the 

PMIS! 

1 

Prio is wrong of this project. Milestone should be adapted. Team 

agreed that he worked on right task (see above, now marked as justi-

fied) 

4 

Prio Project QRT was wrong, schedule is adapted. 4 

Prio Project QRT was wrong, schedule is adapted. Project KLP task 

had to be closed, is already in production. 

1 

Project ABC has highest prio, management wants to see results of cli-

mate test before purchasing parts. (Not adapted in planning) 

1 

Project QRT prio is wrong, we have to prepare so management can 

make a decision for F4. 

1 

Project UVW- why skipped? Is in field test and is running well. Cli-

mate cell is done because management wants to see results of tests first 

before doing external commitments (is not adapted in planning)-> see 

above 

1 

Support supplier to make changes to our product.  (Is marked as NP 

earlier in CR call) 

1 

This CR is approved by management, support is allowed. (See also pre-

vious remark) 

3 

This engineer can say no to other departments, but it was non-planned 

tasks with prio. 

1 

Why is task list ignored of project MNO? Legislation changed; mile-

stone can be postponed. 

1 

Why has this task such low prio? (Skipped tasks are of same project) 

Planning error? ->Yes, planning error 

1 

Why on Project T+ instead of quotation Project QRT? Prio and plan-

ning ABC is unclear, and it took only one 1 hr to hand over to another 

department. 

1 

Why on Project T+ instead of quotation Project QRT? Prio and plan-

ning ABC is unclear. 

1 

Worked on highest prio task. (Project IKL was not updated, see above) 1 

Wrongly planned here, it’s actually a feasibility study.  A supplier 

needed information. 

1 

24 No material 

available on 

higher prio 

task 

1) field test is running 2) waiting for part from supplier (we put the task 

on hold now) 

1 

1) No material for FOT test 2) Task skipped is not ready to start 1 

1) prio SW not in line with HW 2) wrong sensor delivered 1 

Again, Project Z 5hrs? |Why urgent? -> no material on other projects. 

See above 

1 

Delivering board to SW dep could be done in parallel with waiting for 

suppliers. But why not working on Project F file, its red? -> No mate-

rial. 

1 

For both other projects there is no material. Waiting for suppliers. 1 

Materials where missing on all other projects, that’s why a PR is done. 1 
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# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

Prepare test set-up in case parts arrive. (Concurrent engineering) 2 

Reason 2: 1) No material Date moved by supplier to 23/9 -> which is a 

good reason to skip, but the task selected was the wrong one. 

3 

reason 2: no material available on second skipped task 1 

reason 2: no material available on third skipped task 1 

reason 2: no material available 1 

see above+ supplier Project XYZ is not delivering. 2 

see above+ supplier Project XYZ is not delivering.  (Did became a P1 

call ABC problem) 

1 

Task with highest prio was from same project about waiting for sup-

plier. Better was to change the planning (as we did now) 

1 

Waiting for production of print another task. No other urgent jobs, only 

Project Z  (This engineer can say no to other departments) 

1 

Waiting for supplier. 1 

Why 1 hr on feasibility STAGE Z while skipping (Y) Project ABC -> 

no material 

1 

Why me - Project F  FOT test skyped again? -> no material available, 

same as above, prio is accepted so not regarded as deviation 

1 

Worked on final design approval while the waiting till the parts return 

supplier. 

1 

19 Support field 

test 

1.Field test LCC is running, only support when needed.  1 

1) Project Z tasks skipped, but these in this stage only meetings organ-

ised by others. 

1 

Climate test is running. Support 1 

In house testing is running. 1 

other task field test support of about the same prio  1 

Other task is documentation of same project with comparable prio, but 

supporting test is more important 

1 

Reason 2: Project UVW- why skipped? Is in field test and is running 

well. 

1 

Reason 2: Field test can be done in parallel with documentation 1 

reason 2: support filed test 11 

16 Good multi-

tasking to get 

others going 

1) Project Z tasks skipped, but these in this stage only meetings organ-

ised by others. 2) finishing documentation is no reason to stop produc-

tion. 

1 

CE-task was skipped to spend a few hours to get the other parties at 

this project going. 

2 

In house testing is running 1 

Multitasking accepted by team. Project TXY required full attention; the 

other project requires support to get things moving. 

2 

Another task is building test setup of about same prio, but supporting 

supplier has higher prio to get project going 

1 

Other tasks were in field test. 1 

Setup field test in parallel to save lead time. (From now on a J-P rea-

son) 

1 
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# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

Support supplier to get project going 1 

Supporting suppliers to get things going (0,5 hrs only) 1 

Task is added double. But had to give approval to supplier for changes.  

(Is marked as NP earlier in CR call) 

1 

Task skipped is a test that is running in parallel, and this supplier is 

also supported. 

1 

This CR is approved by management, support of this 0.5 hrs is allowed 

to get process going. (See also previous remark) 

1 

Why on Project O task (B) and not on Project I , the quotation (R )? 

(Other tasks were running filed tests) _> Eng-Z is finished but did not 

update rem hrs to 0 

1 

reason 2:  it took only one 1 hr to hand over to another department. 1 

17 Urgent issue; 

product failure 

approved to work on this PR by manager, P1 call (see above, now J-P) 2 

approved to work on this PR by manager, P1 call, this employee has to 

assist 

1 

approved to work on this PR by manager. P1 call 1 

Created a separate project for this P1 call. Had to define work around 

urgently because of critical malfunction. 

1 

MS meeting Project GTI skipped (hold); Project XYZ - why skipped? 

Ans: This is a P1 call. 

1 

New product came back from the field, we investigated it urgently to 

prevent a potential catastrophe. 

1 

New product came back from the field, we investigated it urgently to 

prevent a potential catastrophe. (See above, now J-P) 

1 

Official P1 call (is urgent issue) 1 

P1 call; has the highest prio now also in the planning. 2 

P1 call. 3 

PR with high prio, approved by manager (doodle added, had to write 

on task of other guys) Engineer struggles with planning. 

1 

reason 2: urgent PR task 1 

This is a P1 call. Priority must be much higher. Is now adapted. 1 

13 Minor prio dif-

ference within 

same project 

Project UVW is in filed test, other tasks of same project with about 

same prio. (<5) 

1 

Project UVW is in filed test, other tasks of same project with about 

same prio.(<5) 

1 

Is about equal in Prio as other task. Both have to move. (But note its 

multi-tasking!) 

1 

Minor prio difference  1 

One tasked skipped with about the same prio in same project. See 

above  

1 

One tasked skipped with about the same prio in same project. See 

above. 

1 

One tasked skipped with about the same prio in same project. Why? 3 

Task in same project skipped with about same prio. 3 

Task in same project with about same prio. 1 
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# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

11 Libero as-

signed to help 

others 

Libero assigned to help others 5 

Libero that week. Has to pick these jobs. 1 

Libero that week. Has to pick these jobs. (Regarded as assignment 

change) 

1 

Libero this week (Is regarded as assignment change since job is 

changed to goalkeeper) 

1 

Libero this week-> See above, it’s the right prio now. 1 

Libero this week; Field test taak overgeslagen, loopt gewoon door. 1 

Eng-A is rush goalie this week. Has to pick these jobs. 1 

9 Assigned re-

sponsibility 

Assigned task of planner to setup working environment. 5 

Its assigned responsibility of this engineer to maintain planning 4 

5 Assigned re-

source did not 

have expertise 

No libero (is Eng-X this week), small sales question, libero missed ex-

pertise and was important to get customer bid. 

1 

No libero (is Eng-Y this week)  but is electronics question libero does 

not know about. 

3 

Production stopped and libero has no knowledge about electronics to 

fix it. 

1 

5 Waiting for ap-

proval 

P1 call is skipped because we are waiting for approval from customer 

(see task comment) 

4 

Reason 2: MS meeting Project XYZ skipped (hold) 1 

4 Project skipped 

is not approved 

by manage-

ment 

Project I is a project that is not approved so must be skipped 2 

Project I is a project that is not approved so must be skipped. For 2020 

project see reason above. 

1 

me-MAN operation box multiple Project I is a project that is not ap-

proved so must be skipped.; planning was not adapted. We take this 

now as a good prio.   

1 

2 Risk of image 

damage 

New product came back from the field, we investigated it urgently to 

prevent a potential catastrophe. (See above, now J-P). 

1 

Remarks from market that performance of their showpiece was disap-

pointing. To prevent image damage, it was investigated with priority. 

1 

3 Allow higher 

prio task to 

start 

Clean up mess to save space. (Otherwise, other projects can’t use this 

space) 

1 

Cleaned up the test environment related to this task. One can argue if 

its planned correctly. 

1 

Cleaning up floor to make space for other tests. 1 

Why on this CR? Spend <5% on PR+CR so justifiable 1 

3 Requirements 

of skipped task 

not clear 

me - 52” ON / OFF Fan skipped; from 12/7 on hold product manage-

ment has no trust in this version 

1 

reason 2: Task skipped is not ready to start 1 

reason 2. Project F skipped since there is too less info for management 

to agree on continuation. 3 

1 

2 Random op-

portunity 

Supplier was visiting us and offered his experience to help. Timing was 

bad, but we decided to use this opportunity. 

1 

Why Project I instead of Project T+? Supplier visit to calculate cost 

price. 

1 
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# In 
Class 

Reason classi-
fication 

Unique comments #Occur-
rences 

2 Rework on 

closed task 

Additional info required to make decision about F3 milestone to end 

feasibility phase. 

1 

Rework: feedback received and processed from 3 party that reviewed 

our system  

1 

2 Training pur-

pose 

For training purpose, I was sent to the field to investigate product in 

practice and to help Technical Support. 

1 

Had to help intern for few hours to get him going, even I was not the 

rush goalie. 

1 

1 Misaligned 

planning be-

tween projects 

Reason 2: Planning between projects is misaligned 1 

Source: Measurement instrument MI-2 the analysis spreadsheet 

Table C-4 Justifiable resource allocation deviation arguments per class per month 

Justifiable Reason Classes Jul. Aug. Sept. Oct. Nov. Dec. Total 

Highest Priority Task 3 2 10 8 25 6 54 

Allowed non-project work   5 6 13 8 32 

Process can’t be planned 4 6 7 3 4 6 30 

Wrong planning; this task has prio  8 6 7 5 3 29 

No material available on higher prio 

task 

 2 9 10 3  24 

Support field test 1 3 2 3 5 5 19 

Urgent issue; product failure 2 4 4 3 2 2 17 

Good multitasking to get others going 1 1 5 4 2 3 16 

Minor prio difference within same 

project 

   2 5 6 13 

Libero assigned to help others   7 3 1  11 

Assigned responsibility  2  2 4 1 9 

Assigned resource did not have 

expertise 

    4 1 5 

Waiting for approval     1 4 5 

Project skipped is not approved by 

management 

 1 3    4 

Allow higher prio task to start    1 1 1 3 

Requirements of skipped task not clear 2   1   3 

Random opportunity   1   1 2 

Rework on closed task    1 1  2 

Training purpose   1 1   2 

Risk of image damage  1 1    2 

Misaligned planning between projects     1  1 

Total 13 30 61 55 77 47 283 

Source: Measurement instrument MI-2 the analysis spreadsheet 



 

Appendix D MDX Data Analysis Operational Guideline 
Usage 

D.1 MDX data analysis operational guideline usage at 

mechatronics department 

This appendix describes the analysis related to measurement Goal-5 for the 
mechatronics department, as stated in paragraph 11.3.6. The purpose of this analysis is 
to determine if the operational guidelines are understood, accepted and if the 
participants or organisation act(s) following the respective guidelines as intended by the 
design proposition. Per guideline, we will analyse, besides the guideline interviews also 
the event log and the analysis spreadsheet for evidence. Note that the description of the 
data analysis of the second guideline is an exact copy of the analysis in paragraph 11.3.5 
We held it here to keep the overview. 

For the first two guidelines, we incorporated all guideline-related statements from 
the interviews to describe the complete analysis process in detail. For the other 
guidelines, we suffice with a selection of statements. The complete Dutch transcriptions 
can be found in Appendix G.1. For readability, we translated the statements used here 
from Dutch to English. For privacy reasons, the statements are coded. 

D.1.1 Data analysis Mechatronics G-1: Humans are making the final resource 
allocation decision 

This appendix analyses guideline G-1, “Humans are making the final resource 
allocation decision”, for each source of evidence listed in the GQM (par. 9.4, Table 9-
9).  

 
M-7 data of measurement instrument, MI-3 guideline interviews. 

The statements of the interviewees regarding this guideline are shown in the table 
below. It is abundantly clear from the interviews that none of the study participants 
blindly follows the priority list and that the resource allocation decision is indeed a 
human choice. The interviews also show that people use their insight and (local) 
knowledge. 
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Table D-1 Interview statements guideline G-1mechatronics department 

item Question Statements indicating whether resource 
allocation is a human decision 

Do people make the 
final decision? 

G1-1 

 

Could the 

manager decide 

which task to 

take on? 

“He’s just different. He is on the numbers and 

not on feeling. So that is not easy, then other 

decisions are made.” 

Yes, and he even 

expresses his 

reservations about 

number management. 

G1-2 

 

Can you put it 

theoretically in 

a plan? 

“Nyes [yes and no] Yes, you can apply it in the 

plan. No, because we have no idea how much 

time it will take. Then the question arises of 

how much time it will take. I really would not 

know.” 

“I don’t think I could work if everything was 

decided for you completely.” 

Yes, and he points out 

that not everything can 

be grasped in a plan and 

could not work if it did. 

G1-3 

 

If you now look 

at those projects 

that are in it, is 

that possible? 

“But I think these are my projects now. That’s 

important and I try to use it as a common 

thread as much as possible.” 

Yes, and he indicates 

that the plan is a 

common thread. 

G1-4 

 

What would 

you like to 

recommend a 

new colleague 

who comes into 

contact with this 

working 

method? 

“You have to use it as a guide.” Yes, and he indicates 

that the plan is a guide. 

G1-5 

 

What do you 

think of having 

to justify 

deviations? 

“But for me, the list of priorities is sacred. If 

one task is very high and I have to work on that 

task, then I will not do the other one first.” 

“Tasks are often high, but then I don’t have the 

parts, or I am waiting for someone else, then I 

skip them” 

“You have to use it as a guide.” 

Yes, although the 

engineer, who is also the 

planner, indicates in this 

statement that the list is 

sacred, he also indicates 

that you ultimately have 

to decide for yourself 

whether you pick up a 

task 

G1-6 

Man

ager 

What does that 

mean for you 

personally that 

they deviate 

from that list? 

“For me, they can deviate if they stick to the 

big picture. I like that they have the freedom to 

deviate from that.” 

Yes, the manager also 

indicates that the plan is 

a guideline. 

source Appendix G.1, Table G-1 

In the interviews, we looked for indications that people do follow the list blindly. 
The closest statement here is from engineer 5; this indicates that the list is “holy”. This 
statement comes from the planner who would like people to work in a more structured 
way. In the following, engineer-5 also indicates that the decision-maker should have the 
correct context information to ultimately make the right resource allocation decision; 
finally, a human decides. In general, they say that the system is a “guideline” on which 
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they base their decisions. Engineer-5 also indicates this. Without this human aspect, 
people also have doubts about the correctness of the decision-making. Engineer-2 
suggests that he would not even be able to work if “everything is served 100%.” These 
statements are shared from management to the work floor. 

 
M-7 data of measurement instrument, MI-3 event log. 

During the team sessions, the notes support the statement that humans make the final 
resource allocation decision. Examples of these statements are given in paragraph 
11.3.2. The event log analysis of Goal-2. 
 
M-7 data of measurement instrument, MI-2 analysis spreadsheet. 

A large number of deviations from the priority list, measured by the analysis 
spreadsheet, as discussed at Goal-1, indicate that humans make the final resource 
allocation decision. 
 
Analysis Guideline G-1: Conclusions and discussion 

In conclusion, it can be stated that all interviewees act in accordance with this 
guideline. All interviewees make the final resource allocation decision themselves. This 
guideline is also understood and accepted by all involved. The interviewees regard 
human input as necessary and a precondition to make the right resource allocation 
decision. The priority list is seen as a guideline in this respect. 

D.1.2 Data analysis Mechatronics G-2: Decision-makers must have access to local 
knowledge 

This appendix analyses guideline G-2, “Decision-makers must have access to local 
knowledge”, for each source of evidence listed in the GQM (par. 9.4, Table 9-9).  
 
M-7 data of measurement instrument, MI-3 guideline interviews. 

The first source of evidence to analyse is the transcriptions of the guideline 
interviews. The text analysis of the interview statements regarding this guideline is 
shown in the table below. 
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Table D-2 Interview statements guideline G-2 mechatronics 

Who Question Statements indicating that local knowledge 
is required 

Is there access to local 
knowledge?  

G2-1 

 

Do you need very 

concrete 

knowledge to 

decide which task 

is best for you to 

take on? 

“Yes, because you are talking about feelers; 

like, come people we have to move forward, 

something has to be ordered, and you have 

delivery times. 

Ehhh, well, yeah, you have to be in the same 

tactic, so our engineer-5 should be able to 

have that insight. 

But in terms of service, okay, but I have 

twenty years of experience there. There you 

can feel where the pressure is.” 

Yes, the claim is that 

particular knowledge is 

required that is gained by 

experience. 

Could the manager 

decide which task 

to take on? 

“He’s just different in it. He is on the numbers 

and not on feeling. That is difficult, then other 

decisions are made.” 

Yes, steering on figures 

complicates making 

decisions. You need “the 

feeling.” 

G2-2 What is it that you 

cannot plan 

everything? 

“Sometimes, you have to pick up those things 

immediately.  The things you have such a 

feeling about that if I don’t pick this up 

now…I know that is important. I can first go 

through the system of how it works out in my 

planning. But I know if I am going to do that, 

then there is only a loss of time because it is a 

severe problem.” 

Yes, you need “the 

feeling” when to decide if 

a task is essential to 

allocate yourself to. 

G2-3 

 

You also deviate 

within the projects. 

Do you need 

specific knowledge 

for that? 

“That is a feeling and knowledge that you 

then ... sometimes you have to let go of 

something and switch to a different task 

because you know something is going on. “ 

Yes, also here, you need 

“the feeling” when to 

decide if a task is essential 

to allocate yourself to. 

Can you give 

examples of 

deviation 

decisions? 

“Well, that isn’t easy. Real examples ..... The 

examples that happen then. 

That is difficult. There are so many things, so 

many things.” 

Yes. This is also an 

example that local 

knowledge is tacit. 

G2-4 

 

Can a planner from 

outside the 

department decide 

what to do? 

“I think that it is complicated to find the right 

person for that.” 

Yes, the claim is that a 

planner who is not part of 

the team cannot make the 

decision. 

How should he 

determine whether 

the deviation is 

correct? 

‘It’s more of a feeling. So, yes, it is indeed 

difficult to describe that.” 

Yes. It is a feeling, and 

the information is tacit. 

G2-5 

/plann

er 

 

Do you need 

specific knowledge 

to decide which 

task is best for 

you? 

“Yes, you need to know the context. That is 

often with the person who has to implement 

it, not with the person who follows that 

project little or not at all. He does not have 

that knowledge.” 

Yes, the context 

knowledge is required is 

only present in the team.  
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Who Question Statements indicating that local knowledge 
is required 

Is there access to local 
knowledge?  

Could you decide 

for another 

discipline which 

task it should take 

on? 

“It is difficult for mechanics. For software, 

completely not [possible] at all.” 

Yes, even impossible for 

people from other 

disciplines to make 

decisions. 

Can you transfer 

the context? 

“Very difficult. These are so many hours that 

you have to put into the meetings. You should 

not do that. That is just a waste of time.” 

Yes. The knowledge is 

tacit and difficult to 

transfer. 

G2-6 

Mana

ger 

How do you assess 

whether they 

deviate properly? 

“Usually, I understand the reason and most of 

the time I can entirely agree with it. I see that 

the overall processes are often the problem.” 

Yes, the manager 

understands the engineers 

also because he was an 

engineer in the same team 

before. 

source Appendix G.1, Table G-2 

The interview analysis shows that all interviewees have access to local knowledge. 
It is considered a requirement to make the right resource allocation decision. This is 
evident from statements such as having “feelers”, “feeling”, “the same tactics”, 
knowing the “context”, and “experience” to determine which task is best for you. This 
also makes it difficult for someone else to make the resource allocation decision, even 
within a small team, one person soon has “no knowledge of our business”, or it is 
“Difficult”, and even someone from another team within the same department is 
considered “not at all” capable of making resource allocation decisions. It is also very 
explicitly described that transferring local knowledge is “very difficult” and will take 
so much time that it is a “waste of time”. 

It is indicated that the manager has sufficient local knowledge to make resource 
allocation decisions because he previously also worked as a team member in the team. 
However, another suggests that he should not do this because he does not have the 
context.  

Having more local knowledge does not, by definition, lead to better task 
performance. It is also seen as a burden; the most experienced employees complain that 
they are disturbed continuously because they know “too many things”. The manager 
also indicates that focusing on local knowledge does not always serve the company’s 
interests, although the employees themselves think so. 

We did not find any evidence that a participant does not apply his local knowledge 
to make resource allocation decisions.  
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M-7 data of measurement instrument, MI-3 event log. 
Text analysis of the event log revealed evidence that the decision-makers must have 

access to local knowledge. The manager gives them the freedom to make these 
decisions. The fact that the manager also relies on this knowledge is expressed well in 
this case: 

Researcher: “Is the [priority] list correct? 

Engineer: “The right project has the highest priority. Only the priority of the tasks is difficult to 

plan because you carry out a certain aspect each time and not all aspects occur in all tasks.” 

Team: All team members started to discuss first how the planning could be adapted, secondly if 

it was needed to adjust the planning. Finally, the team concluded that the order of tasks was not 

crucial in this case and that it was sufficient that the total scope was clear.  

Researcher: “You don’t get them in a schedule?” 

Engineer: “That’s right; that is impossible.” 

Manager: “A manager does not go after this; you have to arrange this yourself.” 

We did not find any evidence that a participant does not apply their local knowledge 
to make resource allocation decisions.  
 
M-7 data of measurement instrument, MI-2 analysis spreadsheet. 

The arguments stated in the analysis spreadsheet express that all decision-makers 
have access to local knowledge. They describe in the vocabulary of the engineer why 
they deviated from the list. We did not find any evidence that a participant does not 
apply their local knowledge to make resource allocation decisions.  
Analysis Guideline G-2: Conclusions and discussion 

In conclusion, it can be stated that all participants act in accordance with this 
guideline. The participants do not only have access to local knowledge, but they also 
apply it when making resource allocation decisions. We did not find any evidence that 
a participant does not apply their local knowledge to make resource allocation decisions. 
Based on the congruence of all statements within and between the sources of evidence, 
we have reason to assume that the data analysis outcomes are unreliable.  

The participants considered having access to local knowledge a requirement for 
making good resource allocation decisions. The participants indicate that this local 
knowledge is difficult to transfer to another decision-maker. They describe that the 
required knowledge to decide is very context-specific, practice-based, based on years 
of experience, tacit and volatile. These findings are in line with Yanow's  (2004, p 10) 
local knowledge characteristics described in Table 6-2 in our theoretical basis.  

D.1.3 Data analysis Mechatronics G-3: Make allocation decision close to moment of 
task execution 

This appendix analyses guideline G-3, “make the resource allocation decision close 
to the moment of task execution”, for each source of evidence listed in the GQM (par. 
9.4, Table 9-9).  
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M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-3) 

The working method is designed so that the tasks are not planned in time; the 
employees are given a task list sorted according to priority. This list is updated almost 
automatically in a real-time environment, with ready notifications and changes in 
planning. The moment they take up a new task, they should take the top task or give a 
reason if they deviate from it. Due to the dynamics, they do not know a priori a week in 
advance what their next task will be. Until they take up the task, this is subject to change. 
Resource allocation is here understood to mean the moment that a task is implemented. 

The dynamics also indicate that it is too difficult to plan in advance when you pick 
up a specific task. Even if you are assigned to a particular task, it is sometimes still 
necessary to temporarily switch to another task. When asked whether it is not 
demanding that they do not know in advance when they have to perform which task, 
they indicate that this is not difficult. It is accepted that the priority list is “just an order”, 
a “guide”, and they also suggest that they “do not necessarily need a date or time” for 
the task to be performed. If they realise that a (higher priority) task of a particular project 
can “suffer”, then “do another project first”. 

It is also indicated that a decision to perform a particular task sometimes has to be 
taken quickly because otherwise, a problem can escalate. They suggest that you 
“sometimes just have to pick things up immediately” or “fly on”. This last-minute 
allocation choice is based on a “feeling” because they know that they “just have to pick 
up something immediately” to prevent problems from occurring otherwise. Going 
through the entire resource allocation process to get official permission then takes too 
long, and it is indicated that too much time is lost. 

 
“I can first go through the system of how it works out in my planning. But I know if 

I am going to do that, then there is only a loss of time because it is a severe problem.” 
(Engineer-2) 

 
The fact that the time aspect is crucial is also evident from Engineer-3’s statement, 

which also indicates “you should not say that you should wait and see”. Although this 
was mainly about performing unexpected tasks, and this regularly presents a dilemma 
with project tasks that have to be completed before a specific deadline. 

 
Data of measurement instrument, MI-3 event log. 

From the team discussion, it can be derived that the participants select their next task 
from the priority list if they finished a task, indicating that the resource allocation 
decision is made close to the moment of task execution. 
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

The data analysis spreadsheet shows that the participants select their next task after 
the previous task is finished.  
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Analysis Guideline G-3: Conclusions and discussion 
In conclusion, the organisation acts in accordance with this guideline which is 

understood and accepted by all participants. It is ingrained in the resource process that 
the allocation decision takes place close to the moment of the task execution. There is 
no traditional planning in which a plan states who will carry out which task and when. 
Instead, one has a priority list that is dynamically adjusted. The insight to make a 
decision as late as possible with the most up-to-date (local) information is widely 
understood and supported. The interviewees also indicate that following a formal 
resource allocation process leads to an unnecessary and unacceptable loss of time. 

D.1.4 Data analysis Mechatronics G-4: Decision-makers should be authorised 
This appendix analyses guideline G-4, “Decision-makers should be authorised to 

make resource allocations decisions on operational level”, for each source of evidence 
listed in the GQM (par. 9.4, Table 9-9).  
 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-4) 

According to the manager, the freedom within the mechatronics team has always 
been there to make resource allocation decisions at the operational level; “In my 
opinion, I perhaps even gave more freedom in advance than now with the priority list.” 
This is mainly because now employees have to account for themselves if they deviate 
from the priority list. That is why this guideline shows significant overlap with guideline 
G-9. So, there is freedom within limits. An employee also indicates this perfectly with 
the statement “as far as it may be called freedom”. The manager indicates that 
management only decides which projects are implemented, but at task level, the 
employees determine this “in 99 % of the cases themselves”. 

 
Is your manager okay with you deviating from the priority list? “He thinks it’s fine. 

He never comes back to ask what I’m doing now. ManagerX is more someone who 
thinks it should live with people.” (Engineer-5) 

 
Also, the employees would not like it at all if the manager was at their desk every 

morning telling them what to do. They find that “overkill” because the priority list gives 
them sufficient guidance. The statements also show that they decide in a responsible 
manner. 

 
Data of measurement instrument, MI-3 event log. 

See also data analysis goal D.1.2. The manager expresses that the engineers have to 
use their local knowledge to make resource allocation decisions and explicitly mentions 
that he will not decide about the resource allocation decisions at the task level. 
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Data of measurement instrument, MI-2 analysis spreadsheet. 
When discussing the resource allocation decisions listed in the analysis spreadsheet 

with the team, the engineers themselves gave the reason why they selected a specific 
task. No evidence is found that the manager selected the tasks to be executed. 
 
Analysis Guideline G-4: Conclusions and discussion 

In conclusion, it can be stated that this guideline is understood, accepted by all 
interviewees, and the organisation acts in accordance with it. The manager gives the 
employees the authority to deal with the resource allocation at the operational level and 
explicitly states that this is their task. It also appears that the participants want to make 
allocation decision themselves, and the evidence shows that they handle it sensibly. In 
fact, the participants would rather not have the manager tell them what to do in detail. 

D.1.5 Data analysis Mechatronics G-5: Project tasks are allocated to resources  
This appendix analyses guideline G-5, “Project tasks are allocated to resources 

instead of the other way around” for each source of evidence listed in the GQM (par. 
9.4, Table 9-9).  

 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-5) 

In a typical matrix organisation, resources are assigned to projects by the resource 
manager and assigned to tasks by the project manager. In this case study, this is the 
other way around: the priority list contains all tasks from all projects. The engineers 
work on the task with the highest priority. In this way, project tasks are assigned to a 
resource. This method was already in line with MDX practice so that no additional 
intervention is required in this area. We did introduce the priority list, but that is a 
different intervention. 

Therefore, in the interviews, this topic is not explicitly mentioned, except for 
Engineer-5 who was hired last year. That indicates this method, in a positive sense, is 
at odds with his previous experience. 

 
“We often use planning per project. But those plans did not take each other into 

account. This just takes each other into account, I’ve never seen that before.” 
(Engineer-5) 

 
The fact that the employees are not allocated to projects is evident from the manager's 

statements that management does determine the order in which projects should be 
delivered, but not which resources are assigned to project tasks. The employees also 
make this detailed planning themselves. The manager indicates that this also makes his 
work more comfortable. 

 
Data of measurement instrument, MI-3 event log. 

No additional evidence found. 
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Data of measurement instrument, MI-2 analysis spreadsheet. 
When discussing the resource allocation decisions listed in the analysis spreadsheet 

with the team, the engineers explain why they select a task, implying that a project task 
is allocated to a resource instead of the other way around.  
 
Analysis Guideline G-5: Conclusions and discussion 

In conclusion, the organisation acts in accordance with this guideline which is 
understood and accepted by all participants. Implementing this guideline was no burden 
since this was already an accepted process from the past because, at MDX, the project 
tasks were already allocated to resources. The application of the priority list has made 
this process more explicit. 

D.1.6 Data analysis Mechatronics G-6: Scheduling heuristics must be used as a 
reference for resource allocation decisions 

This appendix analyses guideline G-6, “Scheduling heuristics must be used as a 
reference for resource allocation decisions” for each source of evidence listed in the 
GQM (par. 9.4, Table 9-9).  
 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-6) 

All interviewees use the priority list as a reference for their resource allocation 
decision. The answers to the question of how they experience this method are variable. 
Most, 6 out of 7, are positive to very positive. They indicate that it “helps to keep track 
of what is important”. Engineer-5, who is also a planner, even calls the list “sacred”. 
Another engineer says that he “occasionally checks” whether he is working on the “right 
thing but is not guided by the list as “something in between coming”. The manager also 
actively supports the use of the priority list as a reference. During the team meetings, 
he confronts the employees with the list every week, leaving little room to ignore the 
priorities, consciously or unconsciously. The manager indicates that it has “added 
value” and that it “brings benefits” and feels that “the priorities are being managed 
better”. 

 
“Yes, really nice. It takes a bit of planning away from you. You usually have a 

rough idea of how and what you are going to work on. But you usually don't look 
much further [in the future] yourself than what the system does.” 

(Engineer-4) 
 

The two employees with the greatest length of service at MDX initially had more 
difficulty accepting this guideline. Engineer-3 indicates that he was “sceptical at the 
beginning, but now he is “positive” because the priority list makes his work “more 
transparent” and sees the list as a “guideline” and a “common thread” that the “Focus” 
determines”, he even calls that a “very positive aspect”. The caveat Engineer-3 makes 
is that he is continuously disturbed, despite all the measures that have been taken. 
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Working with the priorities does not solve this problem for him either because these 
disruptions are mostly not on the list.  
Engineer-1, also with more than 20 years of service at MDX, indicates early in the 
interview, “I still have my own priorities” and also almost completely ignore the list. 
The case study data shows a different picture: Engineer-1 generally appears to work 
according to the priorities. When Engineer-1 is confronted with this data, he also 
indicates that he has “tidy up the schedules throughout the year” and that there is now 
a different “picture” with “much more peace and quiet”. Other answers also show that 
the complete ignoring of the priority list is somewhat more nuanced. He indicates that 
he does know what is “at the top” and where the “pressure is on.” 
 
Data of measurement instrument, MI-3 event log. 

On January 24th, February 7th, April 4th, May 9th, November 28th (event log, 2019), 
the researcher asked the participants explicitly if the task list reflected their priorities. 
The participants confirmed that this was the case. After this confirmation, they 
discussed the deviations from the task list priorities. 
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

In the analysis spreadsheet, all measurements are performed using the scheduling 
heuristics as a reference. These measurements are done automatically by the PMIS. 
They are presented to the team, and the measured deviations are discussed with them. 
 
Analysis Guideline G-6: Conclusions and discussion 

In conclusion, the participants act in accordance with this guideline which is 
understood and accepted by all participants. It took a while before all participants 
accepted this guideline. The problem that some participants have is that besides the 
planned work, there is also non-planed work that is not prioritised by the heuristics.  
Leaving the non-planned work aside, since it is not in the scope of this research, we can 
state that all participants are (very) positive about the priority list usage. The participants 
state that heuristics are a valuable reference to base their resource allocation decision 
on. 

The manager plays a vital role in the acceptance by using the priority list as a 
reference during team meetings. As a result of this, all employees are confronted with 
it so that even the most prominent critics start working with the list and also express its 
value.  

D.1.7 Data analysis Mechatronics G-7: Scheduling heuristics can deliver an 
acceptable benchmark for supporting the organisation’s objectives 

This appendix analyses guideline G-7 for each source of evidence listed in the GQM 
(par. 9.4, Table 9-9).  
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M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-7) 

To determine based on the interviews whether the priority list is of acceptable 
quality, we examined how they use the list and whether the order of tasks matches their 
perception of urgency. As shown in the previous guidelines, the priority list is seen as a 
good guideline by all interviewees, which indicates the quality of the list. This guideline 
is unanimously indicated that the list is of good quality and that the management 
objectives are correctly reflected. The most prominent critic, Engineer-1, who first 
stated that he would not use the list, affirms explicitly that the list is an excellent tool to 
indicate to management how objectives stand. This creates a mutual understanding of 
what is seen as valuable. 

 
“Now projects are in the red. That is not a trigger for me, but for the management. 

Then questions arise, and I can explain why it is, and then you also understand the 
management. That is what I see as the added value.” 

(Engineer-1) 
 

Engineer-5 also indicates that the list clearly reflects the management objectives and 
therefore feels supported by (higher) management that he makes a valuable contribution 
to the goals of the company. 

 
“Most importantly, because of that list of priorities, I now have the feeling that I 

am being supported by management. Like "you have to work on this because we want 
to finish that". That feeling was completely absent before.” 

(Engineer-5) 
 

Engineer-2 indicates that the list is a useful “guide” and that this quality level is even 
more desirable than obtaining a “perfect plan” because it “overshoots the target”, costs 
a lot of overhead and is also unnecessary. The manager himself also indicates that the 
list shows the priorities well, although this is difficult to quantify in a number. The 
manager sees that the employees are less affected by the issues of the day. A point of 
attention is disruptions / unplanned work. This cannot be captured in a plan, and these 
items do not appear in the list. As a result, Engineer-3, particularly with the most years 
of service, feels that the list is not working for him. The experience of Engineer-3 is 
also the cause that other departments ask for his advice on a regular basis. This 
unplanned work is not part of the priority list. If Engineer-3 and the other engineers are 
explicitly asked about the representation of project tasks, then all agree that the task list 
clearly represents the priorities.  

 
Data of measurement instrument, MI-3 event log. 

On January 24th, February 7th, April 4th, May 9th (2019), the researcher asked the 
participants explicitly if the task list reflected their priorities. The participants confirmed 
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that this was the case. After this confirmation, they discussed the deviations from the 
task list priorities (same as at Goal-6). 
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

None of the analysis spreadsheet arguments expressed a mismatch between the 
organisation’s objectives and the priorities as defined by the algorithm. The cases 
classified as “wrong planning” were all caused by how the project was planned and not 
by the algorithm chosen.  
 
Analysis Guideline G-7: Conclusions and discussion 

In conclusion; According to all participants, the task list priorities reflect the 
organisation’s objectives. For this reason, it is also regarded by the participants as a 
suitable means of communication to management to justify what they are doing. All 
participants indicated that the priority list is a good guideline to prioritise their work. 
Making the list “perfect” is unnecessary and even unwanted since it will cost too much 
effort to realise this. The dynamics in the multi-project environment are so high that the 
heuristics optimisation is optimisation within the noise of the system. We can conclude 
that the heuristics have an acceptable benchmark according to all participants.  

D.1.8 Data analysis Mechatronics G-8: Scheduling heuristics should be easy to use, 
understand, implement, and maintain 

This appendix analyses guideline G-8 for each source of evidence listed in the GQM 
(par. 9.4, Table 9-9).  

 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-8) 

All interviewees indicated that it is pleasant to work with the priority list. Statements 
such as “useful”, “insightful”, “just change the planning yourself” indicate that it is 
“easy to use, understand, implement and to maintain”. Engineer-2 states that planning 
is not “the nature of the creature” but is “very positive” with the insight it provides him. 
Other engineers find it no problem to help draw up and adjust the planning. The manager 
also indicates that this has made his work more comfortable. He is positively surprised 
that the team members do the detailed planning all by themselves. He also states that in 
the past, he “did not succeed in getting some employees on board”. 

 
Does it make your job easier? “Yes, and really, they do the detailed planning all by 

themselves now. Earlier, I had not been able to get some employees on board. So yes, 
that makes it easier for me.”  

(ManagerX) 
 
Because of the statements of Engineer-1, in particular with regard to the other 

guidelines, we see that internal resistance to planning was previously present. The 
manager also refers to this in the above statement. It is, therefore, remarkable that 
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engineer-1 is now positive and indicates it is “useful” to be involved in the 
implementation of new projects. 

At the start of the case study, the role of the planner was assigned to two domain 
managers. After the reorganisation, this role was discontinued. Engineer-5 took on the 
role of planner for the mechatronics department, in addition to his current activities. The 
planner also indicates that this method makes his work more comfortable and that the 
plan adjustments are not a problem. 

 
Data of measurement instrument, MI-3 event log. 

We did not find any indication that the participants found it challenging to use, 
implement and maintain the PMIS. They find it challenging to deal with disturbances 
not related to the PMIS but the organisation of their work. The participants express that 
they cannot fit the disturbances into planning since the reasons are too diverse (i.e., see 
June 6th, June 20th, June 25th, July 4th, November 7th, 2019). So, it is essential to 
distinguish between project and non-project work that cannot be planned and is outside 
our scope. 

The data found in the event log at Goal-2 (par. 11.2.3, MI-4) shows the engineers’ 
discussions about the task list priorities. These discussions indicate that the participant 
understands the heuristics very well.  

On May 16th, 2019, manager X stated during a reference visit of another company 
interested in MDX’s way of planning and resource management, “We’ve never let the 
engineers plan themselves, till now”, indicating that the system is at least easier to 
implement, use and maintain than the approaches they tried so far. 
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

The analysis spreadsheet indicates that the participants can use, understand, 
implement, and maintain the PMIS. If not, then it was not possible to do these 
measurements. The length of the discussion (they can almost instantly assess the quality 
of the decisions) also indicates that the participants have no difficulty in understanding 
the data provided by the system. 
 
Analysis Guideline G-8: Conclusions and discussion 

In conclusion, the participants indicate that the planning heuristics are easy to use, 
implement and maintain. The department does not require a separate planner to set-up 
and maintains the planning, saving the company overhead cost. The engineers do the 
detailed planning all by themselves, something they had never succeeded in the past. 
The engineers also feel more involved in the planning process; now, it is easy for them 
to set-up and maintain the planning themselves. 

D.1.9 Data analysis Mechatronics G-9: The decision-makers are allowed to deviate 
from the scheduling proposed by the heuristics 

This appendix analyses guideline G-9 for each source of evidence listed in the GQM 
(par. 9.4, Table 9-9).  
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M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-9) 

All interviewees indicate that deviation from the priority list is allowed. Several 
interviewees indicate that deviation is “necessary” and that “without that freedom, 
people should regularly disappoint” and they cannot work when “everything is 100% 
served”. 

 
Isn't it better to stick to the list? “No, I think it is necessary to deviate from it. I 

don't think I could work when everything is 100% determined.” 
 (Engineer-2) 

 
Engineer-1 indicates that he “goes his own way” in a responsible way because 

everything is “nuanced” in schedules. He also has no problem accounting for this to his 
manager. Engineer-4 adds another aspect to this: rescheduling in case it costs too much 
overhead. It is better to deviate based on your local knowledge. 

 
“I think it takes more time to put someone in between who makes those plans than 

it does for everyone to decide for themselves whether it is necessary to deviate or 
not.”  

(Engineer-4) 
 
Engineer-1, like his colleagues, indicates that they can “justify” themselves, that they 

are not “pushed back”. The manager also finds it “pleasant” that they are allowed to 
deviate as long as “they stick to the big picture.” The engineers also feel that they do 
have that freedom, but to a certain extent, it must remain accountable. You shouldn’t 
“make it too tight”, engineer-2 says. 

 
Data of measurement instrument, MI-3 event log. 

The statements made at D.1.4 imply that the employees are allowed to deviate from 
the heuristics. Management is even encouraging it. The arguments found in the event 
log, as listed in Appendix C also indicate that the local decision-makers deviate from 
the priority list.  
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

As shown in the graphs in paragraph 11.3.2 based on the MI-2 data, a large number 
of justifiable deviations show that a lot of deviations from the task list take place and 
that the team and their management also accept them. 
 
Analysis Guideline G-9: Conclusions and discussion 

In conclusion, the organisation acts in accordance with this guideline which is 
understood and accepted by all participants. The participants even consider deviating 
from the priority list “necessary” because not everything can be captured in a plan. In 
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particular, the emphasis on responsible deviation is a sign that the participants have 
understood and accepted this guideline. 

D.1.10 Data analysis Mechatronics G-10: Frequently assess if the arguments for 
deviating from the heuristic are accepted as a justifiable deviation 

This appendix analyses guideline G-10 for each source of evidence listed in the GQM 
(par. 9.4, Table 9-9).  
 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-10) 

All interviewees indicated that their allocation decisions are weighed against the 
priority list. The researcher explicitly examined whether the deviations were an 
improvement compared to the priority list during the case study. It is, therefore, also 
interesting to see how this is dealt with after the case study has ended. 

During the case study, the engineers were questioned several times by the researcher 
about why they deviated from the priorities. Their teammates did not always agree with 
the allocation decisions, as shown in Figure 11-3 (par. 11.3.2). When the researcher 
asks what it felt like to be “put to the test”, engineer-2 answers: “Ah, that was good.” 
Examples of deviations are given in Table G-3. The younger engineers indicate “that if 
it is discussed afterwards, then yes ... maybe I should not have deviated.” or that “it was 
a little bit illegal”. Engineer-3, who has the biggest length of service, mentions “I 
haven’t ever been asked ‘what are you doing right now?”, which is remarkable because 
the unauthorised deviations from Table C-1 are also related to his decisions. 

Six weeks after the last analysis session with the researcher, the manager indicates 
that he “checks people to a limited extent whether they are working on the right task or 
not”. This is far too time-consuming. When asked whether the detailed analysis of the 
researcher was useful, the manager repeatedly indicates that it was “very useful” and 
indicates, “You do filter out: you started it and not it. And I don’t look at that kind of 
micro-planning. But that was interesting, why are you doing that? I thought that was a 
great added value.” 

The manager discusses the allocation decisions by using the priority list during the 
weekly team meeting as a reference to discuss daily business. They go down the list 
from top to bottom and discuss what has been worked on and what still needs attention. 
If the highest tasks are skipped, it is discussed with the team why a task is lagging and 
where problems are foreseen. 4 months after the last session with the team, the 
researcher again asked the manager whether the evaluation of resource allocation 
decisions against the priority list is still taking place. The manager agreed that this is 
still the case and is still very satisfied with this. 
 

“In the weekly meeting we will look at the list. We will go through it from top to 
bottom to see why a task has such a high priority and how to complete it the fastest.” 

(ManagerX) 
 



MDX Data Analysis Operational Guideline Usage    293 

 

The fact is that the engineers do not see the priority list discussion during the team 
meetings as a judgment/condemnation of their allocation decisions. Engineer-4 
indicates that “everyone is open enough and that the lines are already so short that such 
things can easily be discussed.” Engineer-1 calls it “useful” to discuss the list in this 
way. The manager also has the idea that everything is brought up at the team meetings 
and indicates that, according to him, there is “open communication about what is and is 
not going well.” 

 
Data of measurement instrument, MI-3 event log. 

The event log shows the team assessed its resource allocation process regularly. The 
evidence about the assessment of if the allocation decision is accepted as an 
improvement can be found in Appendix C. This appendix gives an overview of the 
collected arguments in the event log during the moving phase. Besides the judgment of 
the arguments, the event log reveals that a review of the performance resource allocation 
process occurs bi-weekly. During the data collection phase, the arguments were 
captured in the analysis spreadsheet and not in the event log.  
 
Data of measurement instrument, MI-2 analysis spreadsheet. 

Arguments were captured on a bi-weekly basis in the analysis spreadsheet.   
 

Analysis Guideline G-10: Conclusions and discussion 
In conclusion, the organisation acts in accordance with this guideline which is 

understood and accepted by all participants. The frequent analysis of the resource 
allocation decision arguments is regarded as valuable to the organisation. The 
participants learned to make better resource allocation decisions by analysing why a 
resource allocation is made.  

Although the in-depth analysis was regarded as very valuable, it took the manager 
too much time to analyse the arguments in the same detail as the researcher did. Instead, 
the manager uses the priority list in his weekly meetings to discuss the resource 
allocation decisions made, providing the required insight into the resource allocation 
process.  

D.1.11 Data analysis Mechatronics G-11: Periodically evaluate the decision-making 
process and analyse the type of reasoning 

This appendix analyses guideline G-11 for each source of evidence listed in the GQM 
(par. 9.4, Table 9-9).  
 
M-7 data of measurement instrument, MI-3 guideline interviews. (Source Appendix G.1, 
Table G-11) 

All interviewees indicate that the decision-making process has changed structurally. 
Once a month during the case study, evaluation sessions were held during which actions 
were defined to improve the decision-making process. After this impetus by the 
researcher, MDX independently continued this self-willingly. The manager indicates 
that the process is analysed every month with the team based on KPIs. These KPIs are 
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partly fed from the planning information system introduced in this case study. A specific 
analysis of the type of deviations does not explicitly take place, although the manager 
does indicate that he analyses “the overall processes” and sees that “that is often the 
problem”. Concrete actions are also taken on this that affect the entire organisation. 

The interviewees also give concrete examples of structural improvement actions that 
have taken place based on the periodic analysis of the resource allocation process such 
as:  
• The introduction of the “libero” to deal with disturbances from other departments.  
• The “PR and CR” (problem reports & change requests) process includes these types 

of requests in the priority list. 
• A procedure and a database for centrally storing knowledge to limit disruptions.  
• Participating in the preparation of the planning yourself (see also G-9).  
• Holding the team meetings based on the priority list (see also G-10). 

  The planner, Engineer-5, also explicitly states that improvement is “a continuous 
process… and… you just learn from it every week.” The fact that he is looking for “the 
common thread” and wants to improve based on evaluation also indicates that he is 
looking for a type of reasons and wants to improve the process structurally. He 
implements improvements in the planning in the project “template”. This template 
defines the standard working method for the type of projects that MDX carries out.  

 
“I do intend to clarify the reasons why a project will not be completed in time. 

Because you can do something about it, that should be included in the project 
evaluation. If we can find a common theme in that, then we should be able to do 

something that makes it more appropriate than last time.”  
(Engineer-5) 

 
Opinions differ about the degree of effectiveness of the measures. Comments come 

mainly from the two engineers with the biggest length of service, engineer 1 and 3. They 
indicate that it has become “less messy” and that the “libero” works for the others but 
not for them. The dilemmas remain, and it “does not solve anything on the customer 
side.”, according to engineer 3.  
 

“Then it is said that you have to send those people away, but then it is said on the 
other side: a customer is waiting, or you have to decide this week, or they say that 

MDX loses a customer. Then, in fact, they put a knife to my throat.”  
(Engineer-3) 

 
This is also taken into account by the manager, and the process is adjusted based on 

the engineer’s feedback. Despite these noises, everyone wants to continue on this path 
and further improve the process. Engineer-4 indicates that he also likes to be a libero.  
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 “Because I am new, it is also very educational for me. I’m forced to figure out 
many things that I don’t know yet. That makes me know more [Laugh] at the end of 

the day. For me it is also learning, a bit of training.”  
(Engineer-4) 

 
Data of measurement instrument, MI-3 event log. 

In the event log, several lists of improvement actions can be found (i.e., see even log 
October 2018, January 2019, April 2019, May 2019), we gathered this overview 
Appendix B. In total, 37 actions were defined to improve the resource allocation 
process. Over 90% of the proposed improvement actions were accomplished. The CEO 
was present at the periodical review of improvement actions and supported the team 
actively. We also found evidence that MDX presented and discussed its resource 
allocation process findings with another company interested in applying the same 
methodology. The team was very proud of what they achieved and learned so far.  

 
Data of measurement instrument, MI-2 analysis spreadsheet. 

No additional evidence found. The analysis spreadsheet only logs the frequent 
assessments about the arguments given. 
 
Analysis Guideline G-11: Conclusions and discussion 

In conclusion, the organisation acts in accordance with this guideline which is 
understood and accepted by all participants. The analysis takes place by considering the 
resource allocation process in general and by analysing the reasons for the deviations 
from guideline G-10 and defining action based on these results. A process of 
“continuous learning” is in motion, and structural actions are frequently imposed to 
improve the resource allocation process.  
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D.2 MDX data analysis operational guideline usage for SW 

department 

This appendix describes the analysis related to measurement Goal-5 for the software 
(SW) department. The overview in paragraph Appendix E.5 is created based on this 
analysis. The purpose of this analysis is to determine if the operational guidelines are 
understood accepted by the SW department and if the SW department act(s) following 
the respective guidelines as intended by the design proposition.  

The following sources of evidence are used for this analysis as mentioned in the 
introduction of chapter 12; the analysis spreadsheet (MI-2), the guideline interview (MI-
3), and the event log (MI-4).  

D.2.1 Data analysis SW G-1: Humans make the final resource allocation decision 
MI-2: We only measured three deviations in three months. When discussing the 

resource allocations decision with the SW team lead, it became evident that humans 
took that final decision. That, in most cases, the priority list was followed does not imply 
that the algorithm dictated the decision.  

 
MI-3: From the interview, it becomes evident that the SW team lead determines 

which work to add to the next sprint on project level. On task level, the interview shows 
that the “sprint methodology” is applied to allocate tasks to resources during the daily 
stand-up meetings.  

 
MI-4: From the event log, it also becomes clear that the SW team lead makes the 

final resource allocation decision and that the software engineers apply the agile scrum 
approach to allocate tasks. The event log confirms the statements made in MI-2 and MI-
3. 

 
Conclusion: Guideline G-1 is accepted, understood, and applied. On project level, 

the resource allocation decision is made by the SW team lead. On work floor level, the 
team makes the resource allocation decision during the daily stand-up meeting.   

D.2.2 Data analysis SW G-2: Decision-makers must have access to local knowledge 
The SW team lead and the software engineers have access to local knowledge since 

they work daily on the work floor. The analysis of Goal-1 supports the statement that 
the engineers are the decision-makers. 

 
Conclusion: Guideline G-2 is accepted, understood, and applied. The engineers 

themselves make the decision who have access to local knowledge. 

D.2.3 Data analysis SW G-3: Make the resource allocation decision close to the 
moment of task execution 

MI-2: In the analysis spreadsheet, one can see that the tasks only appear in the task 
list close to the moment of execution. Till that moment, the planning is only present at 
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a high level. The names only appear at the moment of execution. This indicates that the 
resource allocation decision is made close to the moment of task execution. 

 
MI-3: The interview indicates that the SW team lead decides at the latest moment 

what to put in the next sprint based on the progress that the team is making in the current 
sprint.  
 

MI-4: The event log shows that the SW team lead does not know which tasks to plan 
upfront. During the planning session for the upcoming sprint, he creates a detailed work 
breakdown of the epics into stories and tasks with the team. The sprints cycle is two 
weeks, so these are small periods to plan. Tasks are assigned to resources during the 
daily stand-up meeting and partly during the planning session.  
 

Conclusion: Guideline G-3 is accepted, understood, and applied. On project level, 
the SW team lead decides which stories to add to the next sprint, which is just before 
the planning session of the next sprint. On task level, the resource allocation decisions 
are made during the daily stand-up meeting. 

D.2.4 Data analysis SW G-4: Decision-makers should be authorised to make 
resource allocations decisions on operational level 

MI-2: The discussion about the resource allocation decisions clarifies that the SW 
team lead is authorised to make resource allocations decisions at an operational level, 
but this can’t be derived directly from the data.  

 
MI-3: The SW team lead states that he is “mandated” to run the projects, which 

implies that he is authorised to make resource allocations decisions at an operational 
level. 

 
“It’s better because we’ve been mandated to run our projects more as the SW 

department sees fit within the constraints of the phases and state gates.” (SW team 
lead, translated from Dutch) 

 
The following statement shows that this was not always the case and that this is 

changed during the case study: 
 

“I think the difference with the past is mainly a change in management. That we 
have been given a mandate from management to tackle this ourselves and that there is 

no longer a manager who seems to have played well again afterwards.” (SW team 
lead, translated from Dutch) 

 
The SW team lead also puts his freedom into perspective; he still has to execute the 

projects as proposed by higher management. We will discuss this point further at G-9, 
where we discuss the allowed deviations from the task list. Based on the MI-3 evidence, 
we conclude that the decision-maker is permitted to make resource allocation decisions. 
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MI-4: The event log shows that multiple actions are focused on organising the 

resource allocation process. These actions are supported by (C-level) management.  
 

Conclusion: Guideline G-4 is accepted, understood, and applied. The SW team lead 
is mandated to organise the project execution on project level. However, within the tasks 
that are scheduled in the active sprint, the engineers have the freedom to decide which 
task to execute. 

D.2.5 Data analysis SW G-5: Project tasks are allocated to resources instead of the 
other way around 

At MDX, tasks are allocated to resources. This is also how the scrum approach is 
applied. The analysis at G-1 and G-3 also shows this.  

 
Conclusion: Guideline G-5 is accepted, understood, and applied. Implementing this 

guideline was no burden since this was already an accepted process from the past. 

D.2.6 Data analysis SW G-6: Scheduling heuristics must be used as a reference for 
resource allocation decision 

MI-2: The results at Goal-1 and 2 show that the heuristics are used to reference 
resource allocations on project level. There are almost no deviations measured from this 
list. On the work floor, the list is not used as a reference on task level. 

 
MI-3: The SW team lead stated that he could follow the priority list “closely for what 

is in the pipeline and in the backlog” for the project, of which he is also the project 
leader. He also states that “there are projects where the planning is less organised than 
what I think is sensible.” He also states that defining the project and setting the 
milestones correctly is a continuous point of attention and that he is pushing to get it 
right for all projects.  

 
“By continuing to insist on those milestones that this must be well-arranged. This 

ensures that you also try to improve the underlying planning so that it works out well.” 
(SW team lead, translated from Dutch) 

 
This indicates that this guideline is partly applied based on the interview on project 

level. The answer to the question if they want to continue to work according to these 
priorities was “yes definitely”. 

 
As mentioned, we were not able to deliver a priority list that could be used as a 

reference for resource allocation decisions on task level. The following statement 
implies that their project maturity is currently insufficient to create a priority list of 
sufficient quality that can be used as a reference on work floor level.  
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“What is still the same is the planning of the items[tasks] themselves, that planning 
is imprecise and if you start with inaccurate data then it will never come out right.” 

(SW team lead, translated from Dutch) 
 

MI-4: The event log shows that there was a struggle to generate a priority list at the 
start because there were no (reliable) estimations available for future projects. Once this 
issue was solved and management prioritised their projects, we were able to generate a 
priority list. In the event log, the participants expressed that this was a big step forward 
and that the “pipeline view” gave a good insight into the priorities on the portfolio level.  

The event log also shows that many attempts are made, and effort is spent on 
generating a priority list on work floor level. But without success. The following 
statements from the event log give insight into why we did not succeed: 
• June 2018: We are not interested in the (detail) task allocation that takes place during 

the daily stand-up meeting because this is not where the management problem lies. 
• June 2018: The dependency between the items is a problem. The SW team lead can 

also indicate which release they belong to. But there is no actual dependency between 
the items. “So, everything can run in parallel?” the researcher asked. “Yes, the 
backlog only indicates the importance”, answers the team leader. [Researcher] “So 
we can also work on one project with three teams at the same time, then the number 
of projects in progress will decrease drastically”. The researcher did not receive a 
profound answer to that question. 

• June 2018: The conclusion is that it is difficult to make a priority list without the 
order of the items. The only contribution we have is mapping the load, which is the 
most crucial point of management, but not for our case study. 

• August 2018: The team leader prepared a list of questions regarding the set-up of 
Jira and the PMIS. After discussion, we found a solution for setting up Jira and 
adding order on the epic level. He also liked the software changes to calculate future 
sprint dates. This order is a step in the right direction. We have to see if it is sufficient 
for the anchor to be used in the case study. 

• Feb 2019: The basics behind the FLOW method were explained; how resource load 
and priorities are determined. The team understood that priorities on tasks level could 
hardly be defined if no relations between tasks are present. This is quite hard to do 
in Jira, but now in the PMIS, this is relatively easy to do. Since the sprint board still 
manages the tasks, there is no urgent need to do, but the team appeared to be triggered 
to do this in the future. 
 
The main technical issue to create relations between Jira tasks we solved by adapting 

the PMIS. But this did not help. The main issue was that there was no need, and 
therefore no willingness to change their current scrum-way of managing tasks. The 
software department explicitly expressed their main need to get an overview of the 
projects, and resource load is fulfilled. This was a huge step forward and a significant 
change for the organisation, which took time to get used to and embed.  

From that moment, the event log shows no additional attempts to create a priority 
list on work floor level till April 2021. MDX’s COO asked the researcher again to help 
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them organise the SW department. At the end of that meeting, one of the senior software 
engineers stated that it made no sense to plan in Jira and scrum since they are no agile 
company. MDX has to deliver a specific scope at a particular time with limited freedom 
to change this scope. The senior software stated that he would rather have a clear priority 
list like the mechatronics departments have so that they could work according to a 
priority list. The COO agreed and was willing to explore the impact—[we have 
currently no insight into the outcome of this process]. 
 

Conclusion: Guideline G-6 is not accepted, understood, and applied. The project 
management maturity is insufficient to create a priority list on work floor level. The 
engineers did not see the added value to use the heuristics as a reference on task level 
where they apply the scrum approach. According to them, there is also no need to 
change. Recently these insights are changing, and the engineers question themselves if 
MDX is an agile company, and some see the added value of having a clear priority list.  

D.2.7 Data analysis SW G-7: Scheduling heuristics can deliver an acceptable 
benchmark for supporting the organisation’s objectives. 

MI-2: The results at Goal-1 and 2 show that the heuristics are an acceptable 
benchmark in supporting the organisation's objectives on project level. On work floor 
level, the list is not used as a reference. 

 
MI-3: The interview shows that the organisation's objectives are reflected in the 

priority list on project level. However, this is not the case on work floor level, which is 
the main interest of this research. 

 
MI-4: In the event log, the SW team lead and management praise the “insight” that 

the heuristics provide on project level. Tasks within a sprint have about the same priority 
since there are no relations between tasks defined. The list can therefore not be used as 
a benchmark for resource allocation decisions on work floor level. 

 
Conclusion: Guideline G-7 is not accepted, understood, and applied. Tasks within a 

sprint have about the same priority since there are no relations between tasks defined. 
The stories and epics within a project also have about the same priority since there are 
no relations defined between them.  We did not manage to change the heuristics or the 
software department’s way of management within the case study’s scope.   

D.2.8 Data analysis SW G-8: Scheduling heuristics should be easy to use, 
understand, implement, and maintain 

MI-2: The fact that the project priorities are obeyed in most cases could indicate that 
the decision-maker understood the priority list. At work floor level, we have no 
evidence since the priority list is used.   

MI-3: The SW team lead praises the overview the PMIS provides in the interview, 
which indicated that he understands the PMIS and the heuristics. Regarding the 
implementation and maintenance, the team lead stated that he was “swimming” and 
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missed the training at the start, but after that, he was “able to pick up everything properly 
and to organise it how it should be”.  The SW team lead interviewed replaced the team 
leader who was trained at the moving phase.  

The SW team lead expressed that there were no changes in working on work floor 
level. The engineers worked only in Jira and not in the PMIS, so no data was collected 
for this guideline. 
 

MI-4: From the event log, it becomes clear that the way MDX set up their planning 
in Jira did not match the PMIS way of planning. The following part of the event log 
indicates this struggle: 

Event log October 2018: “The CEO mentioned that one of the remarks of the team 
leader SW was that he could not work with the project management software. The 
researcher agreed that this was the case, and with the current way of working, the 
software developers of the project management software could not deliver a solution. 
Also, here it’s about “going in the detail and losing the big picture”. The CEO asked if 
his organisation is so special. The researcher answered that the SW department made it 
very complex; “During the intake, it was promised that only two projects would run in 
parallel, now it is seven”. The planning was full of sprint dates and conflicting release 
dates. The researcher concluded that he could not manage it this way and asked to go 
back to the situation depicted during the intake; max two projects in parallel. “ 
 

After we simplified the project setup, the implementation became more 
straightforward. However, one item we could not control is the ability of Jira to create 
unfeasible project plans. As an example, it is possible in Jira to plan a start milestone 
later than the delivery milestone without any notification that this is impossible. As a 
result, the PMIS heuristics could not calculate priorities, and it was not easy at the start 
to fix these issues. In a later stage, the software was adapted to address these issues. 
However, a certain level of project management maturity was still lacking at MDX, 
making it difficult to maintain the system. 
 

Conclusion: Guideline G-8 is not accepted, understood, and applied. The scheduling 
heuristics are easy to understand and use but, in combination with MDX’s Jira 
implementation, not easy to implement and maintain. Implementation is complicated 
by the lack of management restrictions in Jira and PM rules at MDX required for the 
heuristics to calculate the priorities. 
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D.2.9 Data analysis SW G-9: The decision-makers are allowed to deviate from the 
scheduling proposed by the heuristics 

MI-2: From the analysis spreadsheet, one could get the impression that deviations 
are not allowed since only three deviations were detected in three months. But these are 
deviations measured on project and stage-level. The order of the project is determined 
by management, and it is not up to the SW team lead to change this order. The 
exceptions measured had to do with cases that the software engineers could not work 
on these projects. In that case, deviations from the priority list are allowed.  

We could not analyse this guideline on work floor level since no data was measured 
to do so. 
 

MI-3: The interview reveals explicitly that the SW team lead is “mandated” by 
management to organise the software development process. He has the intention to 
follow “strictly what is in the pipeline”, but when needed, he deviates from the list. By 
strictly following the pipeline, he means to follow the order as stated in the priority list 
and not the timing when a project has to start. The team leader said he has the “freedom” 
to ignore the scheduled date and start the project when the SW department is ready. This 
freedom prevents that the department falls into the old habit of running too many 
projects in parallel. 

 
“My freedom to say this [project] isn’t finished yet. So, we know what the list is, 

but we won’t start [the new project] until it’s finished”. (SW team lead, translated 
from Dutch) 

 
The software engineers can make resource allocation decisions on work floor level 

during the daily stand-up meeting based on local circumstances. However, since there 
is no priority list on task level to refer to, we did not find evidence about how they deal 
with deviations of task level. 

 
MI-4: The event-log confirms that the SW team lead follows the priority list on 

project level and is “happy” that he finally has these priorities. The log also shows that 
the team deviates from this list if necessary and escalates it to higher management if 
they have to deviate from it.  
 

Conclusion: Guideline G-9 is partly accepted, understood, and applied. The SW team 
leader is mandated to organise the SW department and has the freedom to decide when 
to execute a project. At project level, the priority list is followed in most cases, but the 
SW team lead can deviate from the priority list order when required. On work floor 
level, this guideline is not applicable. The scrum team have the authority to decide 
which task to execute, but there is no priority list on task level available to refer to 
measure the deviations.  
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D.2.10 Data analysis SW G-10: Frequently assess if the arguments for deviating from 
the heuristic are accepted as a justifiable deviation 

MI-2: Since there were fewer deviations, only three in three months, we stopped with 
the meetings to discuss them.  

 
MI-3: The interview shows that there is not much apatite within the SW department 

to discuss even planning in general. The engineers call it “drivel”.  
 

Researcher: “Do you discuss deviations from the plan?” 
SW team lead: “We’re talking about that too. We try to get that right, but if the 

attitude towards planning is that it is drivel1, you won’t get that far. It’s not exactly my 
role. I’m not very happy with it either.” (SW team lead, translated from Dutch) 

 
Later in the interview, he mentioned that this attitude changing: 

“This year [2020], we created a moment where we discuss systematically with 
seniors the matters that are going on. We asked for that structural consultation since 
June[2019] last year. That we want to have this, and only now this is facilitated.” 
 
MI-4: We found no additional evidence in the event log about discussing deviations 
from the priority list on a regular basis.  
 
Conclusion: Guideline G-10 is not accepted, understood, and applied. The willingness 
to discuss planning matters was low. The SW engineers called these discussions even 
“drivel”. However, this attitude is changing, and there is now a senior engineer’s 
meeting to discuss ongoing matters regarding planning.  

D.2.11 Data analysis SW G-11: Periodically evaluate the decision-making process 
and analyse the type of reasoning 

MI-2: No evidence found. The analysis spreadsheet only logs the frequent 
assessments about the arguments given. 
 

MI-3: The interview shows several indications that the decision-making process is 
periodically evaluated and improved. The interviewee referred to the introduction of the 
project template, including the stage-gate model, the flying keep and the improved 
connection with other departments. But these discussions are not related to discussing 
the deviations from the task list. 

 
And it has also become better because we can again actively evaluate why tasks 

are delayed and what we can do to prevent this in the future. In the past we didn’t 
have any templates and we made up what was needed for a project on the spot. We 

now have the template, and it contains all standard tasks for the phases, and we will, 
in any case, take them with us. (SW team lead, translated from Dutch) 

 
1
 “drivel”, Dutch translation of “geneuzel” 
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MI-4: The event log describes multiple sessions in which the decision-making 

process is evaluated. These sessions resulted in action, which was assessed in the next 
session. This process is actively supported by (C-level) management. There are 
retrospective meetings on work floor level as part of the scrum process where the team 
discusses their ideas on improving the execution process.  

The engineers and management express explicitly that they are pleased with the 
outcome of the improvement actions. It resulted, according to them, in a better focus, a 
better overview of the projects, improved job satisfaction and higher organisational 
output. But these discussions are not related to discussing the deviations from the task 
list. 
 

Conclusion: Guideline G-11 is not accepted, understood, and applied. As a result of 
the non-compliance with G-10, no periodic evaluation session with the software 
engineers took place to evaluate the decision-making process.  

 



 

 

Appendix E MDX Data Analysis of Measurement Goals 
SW Department 

This appendix describes the data analysis according to the approach defined in 
chapter 10 for the software (SW) department. The data analysis approach is similar to 
that of the mechatronics department. The basis for the analysis is a set of data provided 
by the measurement instruments MI1 to MI 7 as described in 11.2. Although the case 
study implementation at the SW department did not proceed as planned, we measured 
our data reliably, as concluded in paragraph 11.2.6. 

The main omission is that we were not able to deliver a priority list on task level. 
This omission limited to analyse the resource dynamics on work floor, having 
consequences for achieving the measurement goals. 

 
As stated in chapter 11’s introduction, we analyse the following six measurement 

goals to define the design proposition’s effectiveness: 
Goal-1: Defining to what extent local decision-makers deviate from the 

predefined work order outlined by the scheduling heuristics. 
Goal-2: Determining to what extent the arguments for deviating from the 

scheduling heuristics are accepted as a justifiable deviation. 
Goal-3: Defining if the arguments are so diverse that they are hard to manage 

or embed in scheduling heuristics. 
Goal-4:     Examining if a learning effect is visible. 
Goal-5:   Determining whether the operational guidelines are understood, 

accepted, and applied by those involved. 
Goal-6: Specifying the additional value for the case study candidate in applying 

the design proposition. 
 

An overview of the findings of this data analysis and the discussion and conclusions 
based on these findings is given in paragraph 11.4. 

E.1 Data analysis Goal-1: Defining to what extent local decision-

makers deviate from the predefined work order outlined by the 

scheduling heuristics 

The deviations are measured by the PMIS (MI-1) and processed using the analysis 
spreadsheet (MI-2) described in paragraph 11.2. Out of the 80 cases examined, we 
found only three deviations in three months. Therefore, we stopped this measurement 
after three months since it did not add value to the data analysis.  

In general, the priorities set by higher management were obeyed, and almost no 
deviations took place on this level of planning. It is expected that deviations occur on 
work floor level similar to the mechatronics department. We were not able to measure 
this due to our priority list limitations. 
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Conclusion Goal-1: 

No deviations could be measured on task level because no heuristics were used as a 
reference for resource allocation decisions on the work floor.  

E.2 Data analysis Goal-2: Determining to what extent the 

arguments for deviating from the scheduling heuristics are 

accepted as a justifiable deviation 

We found three deviations found at Goal-1. Two deviations were classified as 
justifiable, one as unjustifiable. The results are depicted in the table below. We were 
not able to measure on work floor.  
 

Figure E-1 Resource allocation decision classification graph for SW department  

Conclusion Goal 2: 
The data set is too limited to make a statement about to what extent the arguments 

for deviating from the heuristics are accepted as a justifiable deviation. 

E.3 Data analysis Goal-3: Defining if the arguments are so diverse 

that they are hard to manage or embed in scheduling heuristics 

We discussed the deviations with the innovation manager and the SW department 
team leader. The three arguments for deviating from the heuristics were: 
• Project L was skipped because, during the field test, it appeared that specs were 

unclear. We had to stop and wait for the management's decision. (Justifiable reason) 
• Deadline project M was set wrongly; the planning must be updated. (Justifiable 

reason) 
• The manager information was not happy that Project Y was skipped. The manual 

had to be completed before working on the next project. (Non-justifiable reason) 



MDX Data Analysis of Measurement Goals SW Department    307 

 

 
Conclusion Goal-3: 

Although the few arguments are diverse, the data set is too limited to make a 
statement about the diversity in general for the SW department.  

E.4 Data analysis Goal-4:   Examining if a learning effect is visible 

The metrics to evaluate this goal are the number of justifiable and non-justifiable 
resource allocation arguments over time and if it was difficult to assess the quality of 
the allocation decision. (M5 and M6 of Table 9.3.4). However, since only a limited 
number of deviations took place, we cannot derive a learning effect from the measured 
data by the PMIS (MI-1/ MI2).   

The event log (MI-4) and the interview with the SW team lead show that a learning 
effect is visible. The SW department learned how to apply templates, limited bad-
multitasking, learned to say no to ad-hoc requests, and learned how to balance supply 
and demand. But all these learnings relate to the pre-interventions during the moving 
phase, required to comply with our context guidelines.  As the interview statement 
below shows, these changes are related to management changes. The software team 
leader states in the interview that on the work floor, the process remained the same and 
that there was no management urgency to change this. 

 
“I think the difference with the past is mainly a change in management. That 
we have been given a mandate from management to tackle this ourselves and 

that there is no longer a manager who afterwards seems to have done 
window dressing.”  

(Source: interview MI-3 with SW team lead, translated from Dutch) 
 

The event log also shows that there was only a limited appetite to change the way of 
working on work floor level. The scrum approach worked sufficient in the opinion of 
the software engineers, as long as their working requirements were accepted, and there 
was no need to change this.   
 
Conclusion Goal-4: 

No learning effect could be derived from the data since we were not able to measure 
on work floor level. The learning effect is visible in the department’s organisation on 
management level, but this was not the objective of this measurement goal. These 
changes had no effect on the decision-making process on the work floor. According to 
the SW engineers, there is no need for change, and by that, there is no willingness to 
change their current agile scrum way of working.  
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E.5 Data analysis Goal-5:  Determining whether the operational 

guidelines are understood, accepted, and actually applied by 

those involved 

The purpose of this analysis is to determine if the operational guidelines are 
understood, accepted and if the participants or organisation act(s) following the 
respective guidelines as intended by the design proposition. As mentioned, we were not 
able to provide an acceptable priority list task level. That we were able to provide a 
prioritised list on project level is not within the scope of this measurement goal. We are 
only interested in the appliance of the guidelines on work floor level.  

Appendix D.2 describes the data analysis based on the analysis spreadsheet (MI-2), 
the guideline interview (MI-3), and the event log (MI-4). The outcomes of the data 
analysis are summarised in the table below.  

Table E-1 Data analysis overview Operational guidelines for SW department 

Intervention Operational Guidelines Accepted and Understood and Applied 

I-1  

Authorisation  
intervention 

G-1 Humans make the fi-

nal resource allocation de-

cision. 

Yes. On project level, the resource allocation decision is made 

by the SW team lead. On work floor level, the team makes the 

resource allocation decision during the daily stand-up meeting.   

G-2 Decision-makers must 

have access to local 

knowledge. 

Yes, the decision is made by the engineers themselves who 

have access to local knowledge.  

G-3 Make the resource al-

location decision close to 

the moment of task execu-

tion. 

Yes. On project level, the SW team lead decides which stories 

to add to the next sprint, which is just before the planning ses-

sion of the next sprint. On work floor level, the resource allo-

cation decisions are made during the daily stand-up meeting.  

G-4 Decision-makers 

should be authorised to 

make resource allocation 

decisions on operational 

level. 

Yes. On project level, the SW team lead is mandated to organ-

ise the project execution. However, within the tasks that are 

scheduled in the active sprint, the engineers have the freedom 

to decide which task to execute. 

G-5 Project tasks are allo-

cated to resources instead 

of the other way around. 

Yes. Implementing this guideline was no burden since this 

was already an accepted process from the past. 

I-2 Reference 
intervention 

G-6 Scheduling heuristics 

must be used as a reference 

for the resource allocation 

decision. 

No. The project management maturity is insufficient to create 

a priority list on work floor level. The engineers did not see 

the added value to use the heuristics as a reference on task 

level where they apply the scrum approach. According to them 

there is also no need to change. Recently these insights are 

changing, and the engineers question themselves if MDX is an 

agile company, and some see the added value of having a clear 

priority list.  

G-7 Scheduling heuristics 

can deliver an acceptable 

benchmark for supporting 

the organisation’s objec-

tives. 

No. Tasks within a sprint have about the same priority since 

there no relations between tasks defined. The stories and epics 

within a project also have about the same priority since there 

are no relations defined between them.   
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Intervention Operational Guidelines Accepted and Understood and Applied 

We did not manage to change the heuristics or the software 

department’s way of management within the case study’s 

scope.   

G-8 Scheduling heuristics 

should be easy to use, un-

derstand, implement, and 

maintain. 

No. The scheduling heuristics are easy to understand and to 

use but, in combination with MDX’s Jira implementation, not 

easy to implement and maintain. Implementation is compli-

cated by the lack of management restrictions in Jira and PM 

rules at MDX required for the heuristics to calculate the priori-

ties. 

G-9 The decision-makers 

are allowed to deviate 

from the scheduling pro-

posed by the heuristics. 

Partly. The team leader is mandated to organise the SW de-

partment and has the freedom to decide when to execute a pro-

ject. At project level, the priority list is followed in most cases, 

but when required, the SW team lead is allowed to deviate 

from the priority list order. On work floor level, this guideline 

is not applicable. The scrum team have the authority to decide 

which task to execute, but there is no priority list on task level 

available to refer to measure the deviations. 

I-3 Learning 
interven-tion 

G-10 Frequently assess if 

the arguments for deviat-

ing from the heuristic are 

accepted as a justifiable 

deviation. 

No. The willingness to discuss planning matters was low. 

However, this attitude is changing, and there is now a senior 

engineer’s meeting to discuss ongoing matters regarding plan-

ning. 

G-11 Periodically evaluate 

the decision-making pro-

cess and analyse the type 

of reasoning. 

No. As a result of the non-compliance with G-10, also no peri-

odic evaluation session with the software engineers took place 

to evaluate the decision-making process.  

  

 
Conclusion Goal-5: 

Based on this table, we conclude that the guidelines are not understood, accepted, 
and applied as intended in the design proposition. The lack of having a prioritised task 
list hindered analysing the use of local knowledge involved in work floor decision-
making, which is a crucial element of the design proposition.  
The only interventions that are understood, accepted, and applied are the authorisation 
interventions, but these guidelines were already in place at the start of the 
implementation. There are intentions to comply with the reference intervention on task 
level, but this takes longer than expected and falls outside the scope of this case study. 

E.6 Data analysis Goal-6: Specifying the additional value for the 

case study candidate in applying the design proposition 

From a research point of view, the added value of analysing the software department 
is limited. Only a few deviations from the priority list occurred on project level, and the 
reference intervention was not applied to the work floor. This omission hindered 
analysing the use of local knowledge involved in work floor decision-making 



310      Appendix E 

 

But this goal, G-6, is about the added value for the case study candidate. The added 
value for the software department is summarised by the points listed in E.4. The event-
log and the interviews endorse these findings by expressions of the SW engineers, the 
SW team lead and management, who stated multiple times during the case study how 
satisfied with the progress made. On the added values expressed numerous times in the 
interviews as the event log, the SW team lead states, “we are getting things done again” 
and can “celebrate successes” again. When asking the SW team lead to continue 
applying the priority list, the answer was “yes absolutely”.  

 
We have the feeling that we complete things, that we have successes to celebrate. 
That we can indeed say: we completed this project or here we have made good 

progress in the past two weeks. This has a good effect on the floor. 
( From guideline interview MI-3 with SW team lead, translated from Dutch) 

 
In the exit interview (MI-6), we also addressed the status on work floor level where 

we did not manage to implement our design proposition and where the scrum approach 
is used.  
 

I want to continue on the chosen path.…. We do wonder a bit whether we can 
indeed continue to make that translation of Jira as project management and the PMIS 

as a reporting tool or because we have some wishes to work with the story points. 
Perhaps in the future with Jira next-gen project. Those are challenges.  
(Source: exit interview MI-6 with SW team lead, translated from Dutch) 

 
In contrast with the statement of the SW team lead that he absolutely wants to 

continue to use the priorities, the statement above expresses doubts if the PMIS is the 
right tool to do so since there is a mismatch on work floor level with the used scrum 
approach. The manager of the innovation department, where the SW- and mechatronics 
departments are part of, compares the added value in terms of maturity as follow:  

 
Researcher: What shows that the team has matured? 

ManagerX: Ehmmm, what shows that? That the entered schedules, total schedules, 
have become more and more realistic. In the beginning it was, let me put it this way, 
futuristic planning. [laugh] And now I really feel like it’s moving more towards real 
planning. They have a much better picture at this point of the total overview. Then I 
talk in particular about the mechatronics department. The software department is 

something else. We are still working hard there to find a compromise between agile 
working and milestone-oriented working. 

(Source: exit interview MI-6 with manager X, translated from Dutch) 
 

There is a conflict between what management wants and what the SW departments 
do related to project planning. On the work floor, the SW engineers wish to adhere to 
the scrum approach. They want to work with story points. Putting effort into building a 
plan with hour estimations and relations between tasks is called “drivel” (source MI-3) 
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by the engineers, and they rather adhere to the scrum approach where the focus is to 
plan the next sprint instead of the project. On the other hand, management wants to 
know when they can expect a product on the market. The added value for MDX is not 
to deliver faster but more reliable.  
 

“My first target is to become reliable. Note that also marketing and sales depend 
on the dates that you are quoting.”  

(Source event-log MI-4, statement of CEO towards SW department) 
 

Although the software department could deliver more projects than before, they still 
did not deliver on time. So, to increase project maturity level to the next level, 
management proposed applying the same method as at the mechatronics department 
(i.e., apply the guidelines) on the work floor. But this proposal met with resistance in 
the software department since they had the feeling that this was too much against their 
agile scrum methodology, although management doubted that statement.  

The MPM resource allocation success criteria assessment confirms this analysis. The 
SW department significantly improved their compliance with the success criteria1; 
however, the aspect of project planning using the 7-satege development model requires 
additional effort to improve (Appendix F.3). 

A year after the exit interview, one of the senior software engineers doubted openly 
if the scrum approach was the right approach for MDX and if it was not better to work 
according to task priorities like the mechatronics department is doing. However, since 
the scope is more or less fixed and the end date is determined by management, there is 
not much merit left for an agile scrum approach. At the moment of writing, this 
discussion is still going on. 

 
Conclusion Goal-6: 

Since the design proposition is not applied, no added value could be measured in 
applying the design proposition. The additional value for MDX was achieved in the 
moving phase. After the initial successes, the improvement stagnated in improving the 
performance on the work floor because, as the manager stated, “no compromise between 
agile working and milestone-oriented working” could be found. The MPM resource 
allocation success criteria assessment confirms that the improvements are significant, 
but extra effort is required regarding project planning.  

 
 

 
1
 Success criteria compliances SW. Before: 5 compliances; 2 partially; 6 non-comp. After: 9 compliances; 

3 partially; 1 non-compl. 



 



 

Appendix F MDX Success Criteria Analysis regarding 
Resource Allocation 

MDX’s main objective of this case study is to address the resource allocation 
problem (par. 7.2). We created a plan of action to improve MDX’s resource allocation 
process and made this effective during the course of this case study. In this appendix 
we compare the situation before and after the case study. As a framework we use the 
MPM success criteria related to resource allocation as defined in chapter 4. If the plan 
of action is implemented successfully, then it is expected that that MDX complies with 
more success criteria than before. 

This appendix contains: 
• Success criteria analysis before case study (par. F.1) 
• Success criteria analysis for mechatronics after case study (par. F.2) 
• Success criteria analysis for software department after case study (par. F.3) 

F.1 Success criteria analysis before case study 

As part of the case study selection process a problem analysis is performed in section 
7.2. Based on this analysis and the analysis of the event log, we will define to which 
extent MDX complies with the MPM success criteria related to resource allocation. 
Since MDX’s problem analysis is a main source of evidence, we repeat by adding Table 
F-1 for clarity reasons. 

 
The result of the success criteria analysis is shown in the Table F-2. The conclusion 

is that MDX did not comply with the majority of the success criteria before the case 
study. One of MDX’s core problems is that priorities are unclear because the big picture 
is missing. As the CEO stated: “All 23 projects have priority one. It’s clear that you 
want to see number 1 to 23 here”. The omission of the priorities also caused that too 
many projects ran in parallel, causing a resource overload. Therefore, MDX scores 
poorly on the management attention areas average project success and allocation 
quality. The project management maturity on the software department appears to be 
worse than on the mechatronics department they have at least a planning on project 
level. 

 We have seen no evidence that the staff is not willing or capable. The main issue 
appears to be the way the resource allocation is managed by MDX, but this is also the 
reason that MDX wanted to participate in this case study to address these issues.  
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Table F-1 Problem analysis MDX 

ID Problems identified by MDX 
22.  New products arrive at the market later than planned (OCE <5%)

1
. 

23.  Product schedules are continuously adjusted. 

24.  The big picture is missing at development, too much focus on subprocesses - vision unclear 
among employees. 

25.  Agreements are not fulfilled - regarding priorities. 

26.  Agreements are not fulfilled - regarding functionalities. 

27.  Agreements are not fulfilled - regarding the unique selling points of the product. 

28.  Agreements are not fulfilled - maximum number of projects active (2 teams // 2 projects per team 

for software team). 

29.  Priority changes are initiated by the Head of Development. 

30.  A mix of ‘Old’ and ‘New’ style development (everything defined in advance versus Agile) 

31.  Many products are developed in parallel (50 listed projects, of which 25 are ‘active’). 
32.  Estimating the required capacity for a new product takes a lot of (throughput) time. 

33.  Estimates of required capacity for new products are often unreliable. 

34.  Support for current products (Problem reports/Change requests) is unstructured, impacting the 

available capacity for new products. 

35.  Multiple inputs for product development initiation and Change requests. 
36.  The final responsibility of Product Management is not respected. 
37.  No ‘real-time’ overview of ongoing projects for Product Management. 

38.  No transparent connection between the different phases of the development of a product. 

39.  Responsibilities for sub-processes are not transparent (domain managers - project managers). 

40.  The domain manager initiated no structured escalation for deviations. 

41.  Controlling the main lines is difficult - the product manager is pulled into detail. 

42.  A big difference between the working methods of Mechatronics and Software development 

departments. 

 
Source: Copy of Table 7-1,Problem analysis by MDX July 2017. The core problems are identified by MDX 

and marked bold. 

Table F-2 MDX’s success criteria compliance before case study 

Manage-
ment  
attention 
area 

Resource 
allocation 
success criterion 

Analysis Com-
pliance 
Mechatr
onics 

Com-
pliance  
Soft-
ware  

Average 

project 

success 

  

Maintained 

project priority 

One of MDX’s core problems is that priorities are 

unclear because the big picture is missing (issue 3, 

Table F-1). Another problem is that multiple 

sources add projects to the pipeline (issue 14, 

Table F-1). 

- - 

Correct amount 

of capacity per 

phase of the 

project  

At software not, since it is not planned. At 

mechatronics there is planning on high level, but 

the introduced 7-stage product development model 

introduced is not applied. 

+/- - 

 
1
 OCE is the internal measurement system of MDX, meaning On-Time, Complete, Error-free deliveries.  

 



MDX Success Criteria Analysis regarding Resource Allocation    315 

 

Allocation 

Quality 

  

  

  

  

Limited multi-

tasking of staff 

One of the MDX’s core problems is that they run 

too many projects are developed in parallel (issue 

10, Table F-1). This is causing a resource overload.  

- - 

Loaded but not 

overloaded capac-

ity 

See previous point. Resources are overloaded.  - - 

Balance between 

permanent teams 

and rotating staff 

MDX works closely with trusted partners to bring 

in capacity and expertise. 

+ + 

Fitting the project 

manager allocated 

Responsibilities of the project manager are not well 

defined and transparent (issue 18, 19, 20, Table 

F-1). 

- - 

Adequate quality 

fit of staff 

MDX appears to have a qualified staff. Also, the 

problem analysis gives no indication about issues 

related to the staff’s quality. 

+ + 

Coopera-

tion Qual-

ity 

  

Adequacy of intra 

& extra team 

communication 

Within the teams there is an open communication. 

The teams have daily stand-ups and team meetings 

to discuss the project status. The communication 

between departments appears to be ok, but also 

happens ad-hoc, which is causing a lot of disturb-

ances on the work floor. 

+/- +/- 

Adequacy of intra 

& extra team co-

operation 

Similar to the point above. Cooperation is good 

within the teams and between departments. The is-

sue is that their willingness to help others is not 

well organized and comes at the cost of the planned 

work. 

+/- +/- 

Impact on 

team 

 Staff satisfaction  The staff is engaged in the work they deliver. The 

problem analysis at paragraph 7-2 shows that the 

engineers want to have more focus on their work 

and to get rid of the disturbances. Furthermore, the 

mechatronics engineers are satisfied with their au-

tonomy. The software engineers are dissatisfied 

that they “don’t get anything done” (see event log). 

+/- - 

Team respect, 

confidence & trust 

The issues MDX face regarding resource manage-

ment are discussed openly with management and 

the engineers. The engineers expressed their con-

cerns and the issues they want to improve, which 

indicates respect and trust(see also paragraph 7-2).  

+ + 

Prepare for 

the future 

  

Staff learning ena-

bled 

The willingness to improve their resource alloca-

tion process and the involvement of the staff is a 

sign that staff learning is enabled. Learning is also 

embedded in the Agile approach. 

+ + 

Organisational 

learning enabled 

The early phases of the 7-stage product develop-

ment model  allow to explore new technologies. 

The domain managers have also time allocated to 

explore new ideas. 

+ + 

Source: Table 4-16 par. 4.5, last three columns are added based on the analysis in this chapter “+” means 

compliance with the success criterion , “-” non-compliance, “+/-” partially compliant. 
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F.2 Success criteria analysis for mechatronics after case study 

The result of the success criteria analysis is shown in Table F-3. The analysis is based 
on the case study execution description in chapter 10, the data analysis of chapter 11.3 
and the improvement actions initiated by the team (Appendix B). The analysis itself can 
be found under this table. For each success criterion we compared the current situation 
with the initial situation and verified if the issues of MDX related to this criterion were 
resolved.   

Table F-3 Mechatronics success criteria compliance comparison 

Manage-
ment atten-
tion area 

Resource 
allocation 
success criterion 

Analysis Compli-
ance 
before 
case 
study 

Compli-
ance 
after 
case 
study 

Average pro-

ject success 

  

Maintained pro-

ject priority 

Management prioritizes projects for all MDX 

projects.  At mechatronics tasks are prioritized 

based on these management objectives and the 

status is actively monitored. Priorities are 

adapted when required.  (10.3.1 and 11.3.5).  

- + 

Correct amount of 

capacity per phase 

of the project  

Mechatronics defined project templates that re-

flect the project phases of MDX’s 7-stage prod-

uct development model (10.2.1). Based on these 

templates the engineers estimate the required ca-

pacity for each new project (10.2.2). Each phase 

ends with a go-no-go decisions at which manage-

ment decides if the required budget for the next 

phase is honoured and when capacity is reserved 

to execute the plan (10.2.3). 

+/- + 

Allocation 

Quality 

  

  

  

  

Limited multi-

tasking of staff 

There are less, but still a significant number of 

projects running in parallel. This is due to the 

long delivery times and field tests that need to be 

supported in parallel with other development 

tasks. This is inherent to the mechatronics work 

and not regarded as “bad-multitasking”.  

- + 

Loaded but not 

overloaded capac-

ity 

All projects are uploaded in the new PMIS, and 

the load is measured against the available capac-

ity. Projects are planed over time in such way 

that demand & supply are balanced.  This bal-

ance is actively monitored (10.2.3). 

- + 

Balance between 

permanent teams 

and rotating staff 

 MDX works closely with trusted partners who 

hired to bring in capacity and expertise. This ap-

proach was not changed since the start of the 

study (event-log, 7.2 C-10) 

+ + 

Fitting the project 

manager allocated 

The role of project is not well defined and the 

project teams consisting of participants of differ-

ent departments is not functioning well (event 

log). We found no proof that it is improved. 

- - 
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Adequate quality 

fit of staff 

No significant differences since start of case 

study in staff (mainly in management).  

The interviews analysis at Goal-5, guideline G-2 

and 4 (11.3.5), provides additional proof that the 

engineers are suited for the job and the managers 

relies on their expertise. (See appendix 14.7.2 

and 14.7.4 for analysis details)  

+ + 

Coopera-tion 

Quality 

  

Adequacy of intra 

& extra team 

communication 

The open communication remained, within and 

between teams. Communication between depart-

ment is formalized, it is less ad-hoc and is caus-

ing less disturbances but remains a point of atten-

tions.   

+/- +/- 

Adequacy of intra 

& extra team co-

operation 

Cooperation is good within the teams and be-

tween departments. There are rules defined how 

many hours can be spent to help other depart-

ments, so that it will not jeopardize the planned 

project work.  

+/- + 

Impact on 

team 

 Staff satisfaction  The exit interview analysis shows that all partici-

pants, even the sceptic ones at the start are satis-

fied with the new resource allocation approach. 

They all want to continue to work according to 

the new implemented approach. (11.3.6, T1 exit 

interview analysis) 

+/- + 

Team respect, 

confidence & 

trust 

Experiences and concerns were openly expressed 

during the periodical evaluation sessions. 

(10.3.3) The team cooperated actively to improve 

the management processes by initiating and im-

plementing improvement actions together. 

(11.3.5, analysis G-11)   

+ + 

Prepare for 

the future 

  

Staff learning en-

abled 

During the data analysis we spotted cases that 

people were assigned to tasks for training pur-

poses. The rotating libero (“vliegende keep”) 

was also perceived by the engineers as an oppor-

tunity to learn.  

The exit interview analysis shows that all partici-

pants are willing to continue to improve the re-

source allocation process.  

+ + 

Organisational 

learning enabled 

Due to the reorganisation, the domain mangers 

left the company (par. 10.2.1 and event-log). 

Their job is partly taken over by the engineers, 

but it is discussible if the organisational learning 

is at the same level as before the reorganisation. 

+ +/- 

Source: Table 4-16 par. 4.5, last three columns are added based on the analysis in this chapter “+” means 

compliance with the success criterion , “-” non-compliance, “+/-” partially compliant. 
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Maintained project priority  
Before case study: - (not compliant) 

One of MDX’s core problems is that priorities are unclear because the big 
picture is missing (issue 3, Table 7-1). Anther core problem was that multiple 
sources added projects to the pipeline (issue 14 , Table F-1). Mechatronics did 
not comply with this success criterion.  

After case study: + (compliant) 
Management prioritizes projects for all MDX projects.  At mechatronics tasks 
are prioritized based on these management objectives and the status is actively 
monitored. Priorities are adapted when required.  (10.3.1 and 11.3.5).  
    Figure F-1  below shows a screenshot from the PMIS made in May 2020, 
which is during the independent usage phase. The projects and their underlying 
tasks are ordered in such way by the heuristics that the deliveries take place in 
the order as suggested by management. This is not a guarantee that all projects 
are on time. A priority above 100 means that deadlines are likely to be missed, 
under 100 means that there is a time buffer till the deadlines. E.g., the project 
at the top has priority 142, meaning that it will be 42 days too late, and it is 
waiting for 16 hours to complete. Since the screenshot was made during the 
independence usage phase, we were not able to investigate the reason, but we 
have seen in the data analysis that there can be many justifiable reasons why 
this remaining work is not done while it has the highest priority.  
We conclude that the mechatronics complies with this success criterion and 
that their core problem of missing the “big picture” at development is resolved 
for the mechatronics department. 

Figure F-1 Portfolio overview of mechatronics projects including their resource load.  

(Source PMIS, May’2020,)  
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Correct amount of capacity per phase of the project  
Before case study: - (not compliant) 

At mechatronics there is planning on high level, but the introduced 7-stage 
product development model introduced is not applied. As stated in MDX’s 
own problem analyses the is “No transparent connection between the different 
phases of the development of a product” and “The Estimates of required 
capacity for new products are often unreliable” (issue 17 and  12 Table 7-1) 

After case study: + (compliant) 
Mechatronics defined project templates that reflect the project phases of 
MDX’s 7-stage product development model (10.2.1). Based on these templates 
the engineers estimate the required capacity for each new project (10.2.2). Each 
phase ends with a go-no-go decisions at which management decides if the 
required budget for the next phase is honoured and when capacity is reserved 
to execute the plan (10.2.3). In Figure F-1 these phase endings are marked as 
intermediate milestones (the diamond signs in the project bars).   
We conclude that the mechatronics complies with this success criterion and 
that their problem of missing a transparent connection between different 
phases with the capacity estimations is resolved. 

 
Limited multitasking of staff  

Before case study: - (not compliant) 
One of the MDX’s core problems is that they run too many projects are 
developed in parallel (issue 10, Table 7-1. 

After case study: + (compliant) 
Still a lot of projects run in parallel, which could cause multi-tasking. However, 
as discussed in 10.2.3, this higher number of parallel projects is inherent to the 
mechatronics process because of the long lead times they have caused by 
external parties, duration tests and field tests and formal approvals. Point of 
attention are still the non-project related tasks, caused by disturbances from 
other departments, but this will be addressed at the success criterion related to 
cooperation. We conclude that the issue of “bad-multitasking” is sufficiently 
resolved, they no longer run “too” many project in parallel.  

 
Loaded but not overloaded capacity  

Before case study: - (not compliant) 
The issue that run too many projects are developed in parallel (see previous 
success criterion), is causing a structural resource overload as depicted in the 
figure below. Note that mechatronics has 6 engineers and that the overload is 
4 to over 12 FTE for a period of months, on average 5,12 FTE. 
The structural overload of resources indicates that the project planning is not 
aligned with the overarching resource planning on portfolio level. One of the 
core problems was that resources were put on other projects than intended by 
the product owners (issue 15, Table 7-1), indicating that there was no 
alignment between about the  resource allocation on portfolio level 
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Figure F-2 Initial unbalanced load graph of mechatronics department  

(source PMIS, dec’2018, copy of Figure 10-3)  

After case study: + (compliant) 
All projects are uploaded in the new PMIS, and the load is measured against 
the available capacity. Projects are planed over time in such way that demand 
& supply are balanced. New projects are aligned with the existing portfolio by 
determining their due date based on the existing resource load.  
This balance is actively monitored on department, sub-group, and individual 
level.  
The bottom Figure F-1 shows the resource load of the mechatronics department 
in May 2020. The overload is with 0.9 FTE on average 5.6 times less than 
initially. MDX finds this manageable since this load is also caused by work 
that is less time dependant (the projects with a low priority).  
We conclude that mechatronics complies with this success criterion and that 
their core problem that the resource allocation is not aligned with the project 
planning in the portfolio causing resource overload is resolved.  

 
Balance between permanent teams and rotating staff 

Before case study: + (compliant) 
MDX works closely with trusted partners to bring in capacity and expertise.  

After case study: + (compliant) 
This approach was not changed since the start of the study. What is changes is 
that the work of this external parties is monitored in the PMIS. We conclude 
that mechatronics complies with this success criterion. 
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Fitting project manager allocated  
Before case study: - (not compliant) 

The responsibilities of the project manager are not well defined and transparent 
(issue 18, 19, 20, Table F-1).   

After case study: - (not compliant) 
The engineers draw up and adjust the planning themselves, there is not a 
project manager responsible for this task. The manager is very pleased with 
this change of working (data analysis G-8, D.1.8). However, this is only one 
aspect of the project managers role. The event log shows that the project teams, 
consisting of participants of different departments, are not functioning well. 
The role of the project manager is still not fulfilled well. We conclude that 
mechatronics does not comply with this success criterion. 

 
Adequate quality fit of staff  

Before case study: + (compliant) 
MDX appears to have a qualified staff. Also, the problem analysis in 7.1 gives 
no indication about issues related to the staff’s quality. 

After case study: + (compliant) 
No significant differences since start of case study in staff (mainly in 
management). The interviews analysis at Goal-5, guideline G-2 and 4 (D.1.2 
and D.1.4), provides additional proof that the engineers are suited for the job 
and the managers relies on their expertise. The engineers and the manager 
speak in these interviews respectful about each other’s expertise. We conclude 
that mechatronics complies with this success criterion. 

 
Adequacy of intra & extra team communication  

Before case study: +/- (partially compliant) 
Within the teams there is an open communication. There are regular team 
meetings, and the team members work closely together.  The analysis of the 
event log shows that the proposed change by this that case study was openly 
discussed, as well the pros as the cons. The communication between 
departments appears to be ok, but also happens ad-hoc, which is causing a lot 
of disturbances on the work floor. 

After case study: +/- (partially compliant) 
The open communication remained, within and between teams. 
Communication between department is formalized, it is less ad-hoc and is 
causing less disturbances but remains a point of attentions.  We therefore 
conclude that mechatronics partially complies with this success criterion. 

 
Adequacy of intra & extra team cooperation  

Before case study: +/- (partially compliant) 
Similar to the point above. Cooperation is good within the teams and between 
departments. The issue is that their willingness to help others is not well 
organized and comes at the cost of the planned work. 
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After case study: +/- (partially compliant) 
Within the team the cooperation remained good. To streamline cooperation 
between department there are procedure defined on corporate level how to deal 
with change requests and problem requests. There are also rules defined how 
many hours can be spent to help other departments, so that it will not jeopardize 
the planned project work. For some (senior) engineers it remains hard to 
comply with these new rules, while others embrace it. We therefore conclude 
that mechatronics partially complies with this success criterion. 

 
Staff satisfaction  

Before case study: + (compliant) 
The staff is engaged in the work they deliver. The problem analysis at 
paragraph 7-2 shows that the engineers want to have more focus on their work 
and to get rid of the disturbances. Furthermore, the mechatronics engineers are 
satisfied with their autonomy. (See event log). 

After case study: + (compliant) 
The exit interview analysis shows that all participants, even the sceptic ones at 
the start are satisfied with the new resource allocation approach. They all want 
to continue to work according to the new implemented approach. (11.3.6, T1 
exit interview analysis). Considering the openness and trust (see next 
criterion), it is plausible that the interviewees would have expressed their 
dissatisfaction if there was reason to do so.  We conclude that mechatronics 
complies with this success criterion. 

 
Team respect, confidence & trust  

Before case study: + (compliant) 
The issues MDX face regarding resource management are discussed openly 
with management and the engineers. The engineers expressed their concerns 
and the issues they want to improve, which indicates respect and trust(see also 
paragraph 7-2). Management also actively involved the engineers prior to the 
start of this case study to ask their opinions. (See event log) 

After case study: + (compliant) 
Experiences and concerns were openly expressed during the periodical 
evaluation sessions. (10.3.3) The team cooperated actively to improve the 
management processes by initiating and implementing improvement actions 
together. (11.3.5, analysis G-11). Management also expresses their confidence 
in the team by encouraging them to make decision on their own. (See data 
analysis D.1.4). We conclude that mechatronics complies with this success 
criterion. 
 

Staff learning enabled  
Before case study: + (compliant) 

The willingness to improve their resource allocation process and the 
involvement of the staff is a sign that staff learning is enabled (see event-log). 
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After case study: + (compliant) 
During the data analysis we spotted cases that people were assigned to tasks 
for training purposes. The rotating libero (“vliegende keep”) was also 
perceived by the engineers as an opportunity to learn.  
The exit interview analysis shows that all participants are willing to continue 
to improve the resource allocation process. We conclude that mechatronics 
complies with this success criterion. 
 

Organisational learning enabled  
Before case study: + (compliant) 

The early phases of the 7-stage product development model  allow to explore 
new technologies. The domain managers have also time to explore new ideas 
and they cooperate with universities to explore new technologies (see event 
log). 

After case study: +/- (partially compliant) 
The early phases of the 7-stage product development model  still allow to 
explore new technologies. However, due to the reorganisation, the domain 
mangers left the company (par. 10.2.1 and event-log). Their job is partly taken 
over by the engineers, but it is discussible if the organisational learning is at 
the same level as before the reorganisation. Therefore, we conclude that 
mechatronics partially complies with this success criterion. 

 
We conclude that mechatronics complies after the case study significantly better to 

the MPM success criteria related to resource allocation than before. There is only one 
non-compliance left related to having the right project manager. This did not affect the 
other success criteria since the resource allocation part related to project management 
is managed well at the mechatronics department. Remarkably organisational learning 
went from compliant to partially compliant as result of the reorganisation.  

All issues identified initially by MDX appeared to be resolved. This analysis 
indicates that MDX has resource management process to a great extent under control, 
which was their main objective as stated in the problem analysis of chapter 7.2.  

F.3 Success criteria analysis for software department after case 

study 

The result of the success criteria analysis is shown in the table below. The analysis 
is based on the case study execution description in chapter 10, the data analysis of 
chapter 11.4 (see also appendix D.1.2) and the improvement actions initiated by the 
team (Appendix B). For each success criterion we compared the current situation with 
the initial situation.  For the software department we suffice with the overview in the 
table since the analysis is similar to that of the mechatronics department. 
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Table F-4 Software departments success criteria compliance comparison 

Manage-
ment  
attention 
area 

Resource 
allocation success 
criterion 

Analysis Com-
pliance 
before 
case 
study 

Com-
pliance 
after 
case 
study 

Average 

project 

success 

  

Maintained 

project priority 

The projects are prioritized manually based on 

management objectives. However, heuristics 

cannot prioritise the related tasks accordingly 

since the internal project structure is missing. 

This makes it impossible to define the 

feasibility of the project deliveries. 

Management does not know on which project 

to put their attention. 

- +/- 

Correct amount of 

capacity per phase 

of the project  

Management and the software department did 

not agree on how to embed MDX’s 7-stage 

product development model in the agile way of 

working. The phases of the projects are not 

well defined. However, the load in the project 

is nicely balanced. (See also next two criteria) 

- +/- 

Allocatio

n Quality 

  

  

  

  

Limited 

multitasking of 

staff 

As shown in Figure 10-5 the projects are nicely 

staggered over time in order balance supply 

and demand and to run only two to three 

projects in parallel. The software department is 

focussed on completing first ongoing tasks 

before starting new projects  (par. 10.2.3) 

- + 

Loaded but not 

overloaded 

capacity 

Same as for the mechatronics department, all 

projects are uploaded in the new PMIS, and the 

load is measured against the available capacity. 

(Figure 10-5) The software department choose 

to underload their resources since history 

learned that there is typically a significant 

amount of unplanned work to be executed. The 

balance is actively monitored (par. 10.2.3). 

- + 

Balance between 

permanent teams 

and rotating staff 

MDX works closely with trusted partners who 

hired to bring in capacity and expertise. This 

approach was not changed since the start of the 

study (event-log, par. 7.2 C-10) 

+ + 

Fitting the project 

manager allocated 

The role of project is not well defined and the 

project teams consisting of participants of 

different departments is not functioning well 

(event log). We found no proof that it is 

improved. (Same as for mechatronics) 

- - 

Adequate quality 

fit of staff 

No significant differences since start of case 

study in staff (mainly in management).  (Same 

as for mechatronics) 

+ + 
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Manage-
ment  
attention 
area 

Resource 
allocation success 
criterion 

Analysis Com-
pliance 
before 
case 
study 

Com-
pliance 
after 
case 
study 

Cooperat

ion 

Quality 

  

Adequacy of intra 

& extra team 

communication 

The open communication remained, within and 

between teams. Communication between 

department is formalized. At the software 

department this process is more effective than 

at the mechatronics department. There are 

significant less disturbances than before. 

+/- + 

Adequacy of intra 

& extra team 

cooperation 

Cooperation is good within the teams and 

between departments. There are rules defined 

how many hours can be spent to help other 

departments, so that it will not jeopardize the 

planned project work. (Same as for 

mechatronics) 

+/- + 

Impact 

on team 

 Staff satisfaction  The spirit at the software department improved 

significantly. Statements as “I feel that the vibe 

is better now” and “We are finishing things” 

support this (par. 10.2.4) 

- + 

Team respect, 

confidence & trust 

Experiences and concerns were openly 

expressed during the periodical evaluation 

sessions. (10.3.3) The team cooperated actively 

to improve the management processes by 

initiating and implementing improvement 

actions together. (11.3.5, analysis G-11)  (same 

as for mechatronics) 

+ + 

Prepare 

for the 

future 

  

Staff learning 

enabled 

During the data analysis we spotted cases that 

people were assigned to tasks for training 

purposes. The rotating libero (“vliegende 

keep”) was also perceived by the engineers as 

an opportunity to learn.  

The exit interview analysis shows that all 

participants are willing to continue to improve 

the resource allocation process. (Same as for 

mechatronics) 

+ + 

Organisational 

learning enabled 

Due to the reorganisation, the domain mangers 

left the company (par. 10.2.1 and event-log). 

Their job is partly taken over by the engineers, 

but it is discussible if the organisational 

learning is at the same level as before the 

reorganisation. (Same as for mechatronics) 

+ +/- 

Source: Table 4-16 par. 4.5, last three columns are added based on the analysis in this chapter “+” means 

compliance with the success criterion , “-” non-compliance, “+/-” partially compliant. 
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We conclude that software complies after the case study significantly better to the 
MPM success criteria related to resource allocation than before. There is only one non-
compliance left related to having the right project manager, same as for mechatronics.  

Compared to mechatronics we see that the SW department scores higher on 
adequacy of intra & extra team communication. SW embraced the new policy to limit 
the ad-hoc communication between departments since it reduced disturbances. At 
mechatronics there was resistance regarding this policy by several senior engineers.  

At the management attention area of average project success, the software 
department scores lower than the mechatronics department. Although the situation at 
SW improved by having clear project priorities, management and the software 
department did not agree on how to embed MDX’s 7-stage product development model 
in the agile way of working. The project feasibility remains unclear, which is a severe 
issue for management. 

.  
 



 

Appendix G MDX Interview & Team session Data 

G.1 MDX Interview statements per operational guideline 

Table G-1 Interview statements guideline G-1: Humans make the final resource allocation decision 

Item Uitspraken die aangeven of resource allocatie een menselijke be-
slissing is 

Nemen mensen uitein-
delijke beslissing?  

G1-1 

Mech 

“Hij staat er gewoon anders in. Hij zit ook op de getallen en niet op ge-

voel. Dus dat is lastig, dan worden andere beslissingen genomen.”  

Ja; en uit zelfs zijn be-

denkingen bij sturen op 

getallen.  

G1-2 

Mech 

Of je alles in een theoretisch plan kunt vatten: “Jein [ja en nee] Ja kan 

het je kan het je kan toepassen in het plan. Nee want we hebben geen 

flauw benul van hoeveel tijd erin gaat zitten. … Dan komt de vraag 

hoeveel tijd gaat er inzitten. Ik zou bij god niet weten.” 

“Ik denk niet dat ik zou kunnen werken op een moment alles 100% 

voorgeschoteld wordt.” 

Ja; en geeft aan dat niet 

alles een plan te vatten 

is en zou ook niet een 

kunnen werken als dit 

wel zo was. 

G1-3 

Mech 

“Maar ik heb het inzicht van he, dit zijn nu mijn projecten. Dat is be-

langrijk en dat probeer ik ook zoveel mogelijk als een soort rode draad 

te gebruiken.” 

Ja; en geeft aan dat het 

plan een rode draad is.  

G1-4 

Mech 

“Je moet die als een leidraad gebruiken.” 

 

Ja; en geeft aan dat het 

plan een leidraad is. 

G1-5 

Mech 

“Maar voor mij is Epicflow wel heilig. Ja, als er een taak heel hoog 

staat en ik moet aan die taak werken, dan ga ik niet eerst die andere 

doen” 

“Er staan vaak taken hoog, maar dan heb ik de onderdelen niet of ik 

ben op iemand anders aan het wachten, dan sla ik ze over” 

“Je moet die als een leidraad gebruiken.” 

“Ja dan moet je de context kennen en dat zit vaak bij de persoon die 

het uit moet voeren en niet bij diegene die die project weinig of niet 

volgt. Die heeft die specifieke kennis niet.” 

Ja; Al geeft de engineer 

die tevens de planner is 

in deze uitspraak aan dat 

de lijst heilig is, geeft 

hij ook aan dat je uitein-

delijk zelf moet beslis-

sen of je een taak oppakt 

of niet. 

G1-6 

Mng 

“Voor mij mogen ze mogen afwijken als ze de grote lijnen vasthouden. 

Ik vind het prettig dat ze de vrijheid hebben om daar nog van af te mo-

gen wijken.” 

Ja; Ook de manager 

geeft aan dat het plan 

een leidraad is. 
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Table G-2 Interview statements guideline G-2: Decision-makers must have access to local knowledge 

Item Uitspraken die aangeven of beslissing nemers toegang tot lokale 
kennis hebben 

Is er toegang tot lokale 
kennis?  

G2-1a 

Mech  

“Ja omdat je over voelsprieten hebt; van andere mensen moeten we 

vooruit, er moet wat besteld worden en je hebt levertijden.”  

“Maar naar service toe, Oké maar daar heb ik al twintig jaar ervaring. 

Daar voel je wel aan waar de druk zit.” 

Ja; Uitdrukkingen als 

“Voelsprieten”, “erva-

ring”, “voelen waar de 

druk zit”, “dezelfde tac-

tiek bezitten”, zijn uitin-

gen dat deze beslisser 

toegang heeft tot lokale 

kennis. 

G2-1b 

Mech 

“Ehhh, ... Nou, ja, je moet wel in dezelfde tactiek zitten dus onze Eng-

X zou dat inzicht wel moeten kunnen hebben.” 

“Dus omdat Eng-X het is, heeft hij geen kennis van onze zaken, want 

dat is Electro. [Eng-X is mechanische]. Daarom vind ik die vliegende 

keep bij ons heel lastig. Je kunt niks afvangen.” 

Ja; Hier wordt aangege-

ven dat je wel lokale 

kennis moet hebben om 

de juiste resource allo-

catie beslissing te kun-

nen nemen. 

G2-2 

Mech 

“Soms zijn dat dingen die je gewoon meteen op moet pakken. Waar je 

zo'n gevoel bij hebt dat als ik dit nu niet oppak. Ik weet dat belangrijk 

is.” 

 

“Zeker. Je moet het overzicht hebben van wat speelt er allemaal.” 

Kan een ander ook bepalen waar je aan moet werken?  “Ik denk dat als 

je de situatie uit kan leggen er niemand voor nodig is met specifieke 

kennis om die beslissing te maken.” 

 

Ja; Er wordt aangegeven 

dat de beslisser moet 

weten wat er speelt, dus 

toegang tot lokale ken-

nis moet hebben. Het 

“gewoon” weten dat je 

iets moet oppakken 

geeft ook aan dat deze 

kennis “tacit” is. Deze 

persoon geeft aan de an-

dere kant wel aan dat 

deze kennis theoretisch 

overdraagbaar is.   

G2-3a 

Mech 

“Dat is misschien wel inherent aan het feit dat ik 27 bijna 28 jaar hier 

werk en te veel dingetjes en datjes weet. Maar ja dat is wel stom, want 

ik zou het liefste willen dat ik inderdaad ‘s morgens naar Epicflow kan 

kijken van Oké, dat is de komende week mijn prioriteit, daar moet ik 

aan werken maar dat kan zo zijn dat er iets tussendoor komt.” 

Heb je specifieke kennis nodig om een RA beslissing te nemen? “Nou, 

dat kan Epicflow ook bepalen. Toch? Die geeft aan eigenlijk wat ik 

moet doen.” 

“Er spelen zoveel zaken en veel [collega's] hebben dat niet in de gaten 

wat er allemaal zo langskomt.” 

“Dat is toch een gevoel en kennis die je dan.... soms moet je gewoon 

iets loslaten en dan moet je toch overstappen naar een andere omdat je 

weet van oké dit speelt er, dat komt zo dadelijk goed, we kunnen beter 

die energie daarin steken en ja.” 

Ja; Deze persoon heeft 

zoveel lokale kennis dat 

hij hierdoor zelfs ge-

stoord wordt in zijn 

werk. Maar deze kennis 

helpt hem wel degelijk 

om een juiste allocatie 

beslissing te nemen. Al 

zegt hij in een van de 

uitspraken dat de die 

kennis niet nodig is en 

dat de tool dit kan be-

slissen. 

  

G2-3b 

Mech 

Wanneer gevraagd wordt naar voorbeelden van afwijkende beslissin-

gen:  

“Nou, das wel heel moeilijk. Echt voorbeelden..... is moeilijk. De 

voorbeelden die gebeuren dan. 

“Het is meer een gevoel. Dus, ja.. Het is moeilijk inderdaad om dat te 

beschrijven” 

Ja; Hier wordt aangege-

ven dat deze lokale ken-

nis tacit is en daardoor 

moeilijk overdraagbaar 

is wat aangeeft dat de 

beslisser zelf toegang 

moet hebben tot deze lo-

kale kennis.  
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Item Uitspraken die aangeven of beslissing nemers toegang tot lokale 
kennis hebben 

Is er toegang tot lokale 
kennis?  

G2-4 

Mech 

Heb je specifieke kennis nodig om je taak te kunnen selecteren? “Dat 

denk ik niet.”  

Kan een externe planner beslissen waar je aan moet werken? “Ik denk 

dat het heel moeilijk is om daar dan een juiste persoon voor te heb-

ben.” 

Kan de manager beslissen waar je aan moet werken? “ManagerX heeft 

die kennis wel omdat hij ook technisch onderlegd is. 

Hoe kun je bepalen om een RA beslissing goed is? “Het is meer een 

gevoel. Dus, ja.. Het is moeilijk inderdaad om dat te beschrijven.” 

Ja; Al gaf deze persoon 

in eerste instantie aan 

dat dit niet zo was. Maar 

uit meerdere vervolg-

vragen blijkt dat je wel 

degelijk lokale kennis 

nodig hebt en dat deze 

kennis tacit is. 

G2-5 

Mech 

Of een ander de RA beslissing kan nemen “Dan moet je de context 

kennen en dat zit vaak bij de persoon die het uit moet voeren en niet 

bij diegene die die project weinig of niet volgt. Die heeft die specifieke 

kennis niet.” 

“Jij kent de hele context wat ik net al zei. Waarom je er beter niet aan 

kunt werken want alle uren, die dagen werken zijn toch weggegooid 

omdat je bepaalde input niet kent of een onderdeeltje niet hebt.” 

Of je de context kunt overdragen: “Heel moeilijk. Het zijn allemaal 

uren die je dan in de vergaderingen moet stoppen en dan ben je ze 

kwijt. Dat moet je niet doen. Dat is gewoon waste of Time.” 

Of iemand van en andere afdeling de lokale kennis bezit: “[Mecha-

nica?] Moeilijk. [Software?] totaal niet.” 

Ja; Je moet de context 

kennen en die is moei-

lijk over te dragen (ta-

cit). Dit impliceert dat 

de beslisser zelf toegang 

moet hebben tot die lo-

kale kennis.  

G2-6 

Mng 

Hoe beoordeel je om met de juiste RA beslissing neemt? “Meestal be-

grijp ik de reden en meestal kan ik me daar wel redelijk in vinden”  

“Ja, ik denk dat sommige mensen omwille van het bedrijf vinden dat 

het goed is om bepaalde problemen in het veld op te pakken.” 

Ja; De manager begrijpt 

wat er speelt op de afde-

ling, dit komt ook omdat 

hij er als engineer ge-

werkt heeft. 
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Table G-3 Interview statements guideline G-3: Make the resource allocation decision close to the moment 

of task execution 

Item Uitspraken m.b.t. het moment van resource allocatie  Wordt allocatie beslissing 
kort bij moment van uitvoe-
ring genomen?  

G3-1 

Mech 

“Ik heb dat gevoel bij, als wat iets kan lijden, dan doe je toch 

andere projecten eerst.” 

Ja; Dit wordt ook op basis van 

lokale kennis besloten 

G3-2 

Mech 

“Soms zijn dat dingen die je gewoon meteen op moet pakken. 

Waar je zo'n gevoel bij hebt dat als ik dit nu niet oppak. Ik weet 

dat belangrijk is. Ik kan wel eerst door de molen gaan halen van 

hoe komt het in mijn planning uit. Maar ik weet als ik dat ga dan 

doen verlies ik er alleen maar tijd door want het is wel noodza-

kelijk probleem.” 

“Maar dit is wel een duidelijk probleem en ik moet er wel al 

meteen al aan gaan werken …” 

“en dan 100% binnen de lijntjes kleuren en daarmee ook weer 

belangrijke tijd verliezen” 

Is het niet lastig dat in de prioriteitenlijst geen datum staat?  

“Het is gewoon een volgorde. Ik hoeft daar niet per se een da-

tum of een tijd voor te hebben.” 

Ja; Het tijdsaspect is ook cruci-

aal om een beslissing te nemen. 

Er is soms geen tijd voor forma-

liteiten. 

Het van tevoren weten op welke 

datum je op een taak geallo-

ceerd bent vindt deze persoon 

niet van belang.   

G3-3 

Mech 

“Ik zou het liefste willen dat ik inderdaad ‘s morgens naar 

Epicflow kan kijken van Oké, dat is de komende week mijn pri-

oriteit, daar moet ik aan werken maar dat kan zo zijn dat er iets 

tussendoor komt.” 

“Dus dan moet je daar dus op vliegen.” [Researcher: Opvlie-

gen?] “Of ja dan moet je gewoon, je moet niet zeggen dat moet 

ff afwachten.” 

“Soms moet je gewoon iets loslaten en dan moet je toch over-

stappen naar een andere omdat je weet van oké dit speelt er, dat 

komt zo dadelijk goed” 

Ja; Al zou deze engineer graag 

willen dat zaken wat langer van 

tevoren vastliggen, maar dat 

lukt niet in een dynamische om-

geving. 

G3-4 

Mech 

“Soms komt het zo voor dat een afgegeven planning niet uit-

komt en dan moet je ergens gaan schuiven of dan komt er iets.” 

Ja; Men gaat dynamisch met de 

lijst om, zie ook G1-4, deze en-

gineer gebruikt het als een leid-

raad. 

G3-5 

Mech 

“Ik ben wel iemand die in zijn hoofd wil weten van werk ik op 

dit moment aan de juiste dingen. En niet zo van, ja ik ga van-

daag dit doen omdat ik de dag door moet komen. Daar heb ik 

een hekel aan.” 

Ja impliciet; Het “op dit mo-

ment werken aan de juiste din-

gen” geeft aan dat de beslissing 

genomen is op basis van situati-

onele eigenschappen. 

G3-6 

Mng 

De lijsten pakken we er in wekelijkse bespreking erbij en dan 

gaan we die van boven naar beneden doorlopen om te kijken 

van waar het aan ligt dat die zo'n een hoge prioriteit heeft en hoe 

we die het snelste weg kunnen krijgen. 

Ja impliciet; Dit statement van 

de manager duidt erop dat re-

sources op het laatste moment 

worden gealloceerd op basis 

van de prioriteit van de dag in 

plaats van op basis lang van te-

voren bepaald plan. 
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Table G-4 Interview statements guideline G-4: Decision-makers should be authorised to make resource 

allocations decisions on operational level 

Item Uitspraken m.b.t. tot autorisatie van nemen RA beslissingen 
op operationeel niveau 

Mogen er op operationeel ni-
veau RA-beslissingen geno-
men worden? 

G4-1 

Mech 

Beslist je manager welke taak je moet doen? Nee, nee. Ik beslist 

dat. Tuurlijk kan ik dat verantwoorden want anders ga je een an-

dere weg. 

Ja; Hier wordt ook aangegeven 

dat de beslissing nemer “able, 

willing en authorized” is.  

G4-2 

Mech 

 “Ja, ik heb het idee dat we hebben die vrijheid wel tot op zekere 

hoogte zeker krijgen.” 

Ja; Maar er is vrijheid binnen 

grenzen. 

G4-3 

Mech 

“Ik heb nog geen één keer gehoord dat ik dingen die ik doe niet 

mag doen.”  

“Dan zal ik het ook in Epicflow zetten en dan is het ook inzichte-

lijk, maar ik heb nog geen één keer gehoord of dat ik teruggeflo-

ten word of waar ben jij nu mee bezig.” 

“Er is wel een bepaald vertrouwen ook wel. We gaan niet zo-

maar wat doen.” 

Ja; en op een verantwoorde 

wijze 

G4-4 

Mech 

Krijg je de vrijheid om af te wijken van de lijst? “Ja die vrijheid, 

in zoverre dat dat vrijheid mag heten. Het zijn zaken die gewoon 

van belang zijn en waar ManagerX ook de noodzaak van inziet. 

Het is niet dat ik zelf bepaal wat ik aan het doen ben.” 

Ja; Maar er is vrijheid binnen 

grenzen. 

G4-5 

Mech 

Vindt je manager het goed dat je afwijkt van de prioriteitenlijst? 

“Die vindt het prima. Hij komt nooit terug van joh, wat ben je nu 

weer aan het doen. Maar ManagerX is meer iemand die vindt dat 

het bij de mensen moet leven.” 

Heb je liever dat een manager bepaalt wat je moet doen? “Nee, 

dat is overkill. Dat is niet fijn…. Omdat zo'n tool dat ook heel 

goed kan. Er hoeft niet elke morgen iemand aan het bureau te 

staan van vandaag ga je dit doen” 

Ja; De manager wil dit ook aan 

de mensen over laten en de en-

gineer wil dit ook zelf beslis-

sen. 

G4-6 

Mng 

Vraag aan manager; hebben ze de vrijheid om af te wijken van 

de prioriteitenlijst? “Voor mijn gevoel gaf ik van tevoren mis-

schien zelfs wel meer vrijheid als nu met de prioriteitenlijst.” 

Vraag aan manager; beslist de baas? “Ja. Wij beslissen aan 

welke project dat ze zouden moeten werken… Maar niet aan 

welke taak inderdaad. Dat beslissen ze eigenlijk denk ik in 99 

procent van de gevallen zelf. Binnen de kaders van de projecten 

waar ze aan mogen werken” 

Ja; De vrijheid is er nu binnen 

grenzen en daarom is er nu 

wellicht minder vrijheid dan 

voorheen. 

G4-7 

SW 

Maar waar zit je vrijheid in dan?  

“Mijn vrijheid om te kunnen zeggen dit is nog niet af dus we we-

ten wat de lijst is maar we gaan pas beginnen als het af is.” 

Ja, op lokaal niveau wordt be-

sloten welke taak er wordt op-

gepakt. 
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Table G-5 Interview statements guideline G-5: Project tasks are allocated to resources instead of the other 

way around 

Item Uitspraken m.b.t. het alloceren van project taken aan resour-
ces 

Worden project taken aan 
resources toegekend? 

G5-4 

Mech 

Wat is het verschil t.o.v. je andere bedrijf? “Dan wordt er vaak 

gebruik gemaakt van een planning per project. Maar die die plan-

ningen hielden geen rekening met elkaar. Dus dan kan het zijn 

dat je een periode aan heel veel projecten heel veel moest werken 

en daarna een rustiger periode....ja hoe leg je dat uit.. Dit houdt 

gewoon rekening met elkaar, en dat heb ik nog nooit eerder ge-

zien.” 

Ja, de resource allocatie vindt 

plaats vanuit een multi-project 

benadering.  

G5-6 

Mng 

 “Ja. Wij beslissen aan welke project dat zouden moeten wer-

ken… Maar niet aan welke taak inderdaad. Dat beslissen ze ei-

genlijk denk ik in 99 procent van de gevallen zelf. Binnen de ka-

ders van de projecten waar ze aan mogen werken. 

“En echt de detailplanning doen ze nu echt helemaal zelf. En dat 

is mijn verleden niet gelukt om daar sommige medewerkers in 

mee te krijgen. Dus ja, dat maakt het voor mij makkelijker.” 

Wie bepaalt de project volgorde? “Die wordt door de zoge-

naamde G-5 bepaald. De verzameling van management van uit 

innovatie en sales.” 

Ja, binnen de set van vrijgeven 

projecten 

 

Table G-6 Interview statements guideline G-6: Scheduling heuristics must be used as a reference for the 

resource allocation decision 

Item Uitspraken m.b.t. het gebruik van referentielijst als basis voor 
resource allocatie beslissing 

Gebruikt men de lijst als ba-
sis?  

G6-1 

Mech 

Verandert die prio-lijst je werkwijze? “Ehhh, nou niet veel. ..Het 

is niet dat ik daar 's ochtends mee op sta en ga kijken wat zijn 

mijn prioriteiten. Ik heb nog steeds mijn eigen prioriteiten.” 

“Bij mij was het dat heel veel projecten die ik altijd deed niet 

zichtbaar voor het management. Dus dan krijg je van "Waarom 

werk je maar 50 procent 40 procent aan projecten?" Nou, de rest 

komt daarbij. Dat kun je dan iets duidelijker maken naar het ma-

nagement toe.” 

“Maar de trigger is er nog niet. ... misschien dat als je op de cijfers 

gaat kijken dat het dan wel groeit, dat misschien wel. Maar onge-

merkt. Maar dat is niet mijn streven.” 

Negeer je de lijst compleet? “Bijna wel. Maar ik weet wel dat 

staat bovenaan, dus er staat wel druk op.” 

Uit de data blijkt dat je wel netjes volgens de prioriteitenlijst 

werkt. “Ja. Bij mij zijn de planningen door het jaar heen netjes op-

geschoond. Ik heb nu nog vijf projecten of zes projecten en in 

staan.” 

“Op het einde zie je een ander beeld, als het goed is. Dan is er veel 

meer rust.” 

“Omdat tijdens een vergadering dit [de prioriteitenlijst] erbij 

wordt gehaald. Dan is het een onderwerp.” 

Ja; al was er wel weerstand en 

komt dit mede doordat te ta-

kenlijst ook in de teamverga-

deringen als referentie wordt 

gebruikt. Uit de data blijkt ook 

dat deze engineer conform de 

lijst werkt. 

G6-2 

Mech 

“Aan één kant vind ik het fijn dat je een beetje een leidraad krijgt 

van wat speelt er allemaal en waar moet je focus op leggen. Dat 

vind ik een heel positief aspect.” 

“En met dat takenlijst en die prioritering daar wel goed in helpt 

om zicht erop te houden en je niet mag door bonjouren en er ei-

Ja; Als leidraad zeer positief.  
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Item Uitspraken m.b.t. het gebruik van referentielijst als basis voor 
resource allocatie beslissing 

Gebruikt men de lijst als ba-
sis?  

genlijk op het laatst past achter komt van o shit ik zit in proble-

men. 

G6-3 

Mech 

“Ik vind het positief. In het begin was ik nog wel wat sceptisch 

maar ik vind het mooi dat het toch wat meer inzichtelijker ge-

maakt wordt wat ik moet doen eigenlijk” 

Verandert die prio-lijst je werkwijze? “Voor mij persoonlijk werkt 

het niet, in die zin dat er nog te veel zaken tussendoor komen on-

danks dat we de vliegende keep hebben ingeschakeld en andere 

zaken fietst iedereen via mail of telefonisch of what-ever ergens 

tussendoor. En dan moet ik afwijken van mijn taak en zo wordt 

een taak die ik heb versnipperd en die kan wel versnipperd wor-

den dat er twee dagen niet aan die taak gewerkt wordt.” 

“Ik het fijn dat je een beetje een leidraad krijgt van wat speelt er 

allemaal en waar moet je focus op leggen. Dat vind ik een heel 

positief aspect.” 

“Maar ik heb het inzicht van he, dit zijn nu mijn projecten. Dat is 

belangrijk en dat probeer ik ook zoveel mogelijk als een soort 

rode draad te gebruiken.” 

Ja; was sceptisch en is nu posi-

tief. Het werkt wel voor pro-

ject taken maar niet voor de 

verstoringen die tussendoor 

komen. 

G6-4 

Mng 

“Ja mooi, ja eigenlijk wel. Want het neemt toch een stukje plan-

ning bij jezelf weg. Je hebt meestal in grove lijnen wel in de gaten 

hoe en waar je aan gaat werken. Maar zelf kijk je meestal niet zo-

veel door dan wat Epicflow doet.” 

“Door af en toe te kijken ben ik goed bezig en ben ik aan het 

juiste. Dan geeft dat vaak een bevestiging van ja dat werkt goed. 

Het is niet dat ik me laat leiden door die prioriteitenlijst want af en 

toe komt er iets tussen en dan ben je aan iets anders werken maar 

in grove lijnen check ik daarmee of dat het met het juiste bezig 

ben 

Ja; Het geeft inzicht in de 

meest belangrijke taken. Wordt 

ook echt gebruikt als referen-

tie.   

G6-5 

Mech 

“Je moet die als een leidraad gebruiken.” 

“Voor mij is Epicflow wel heilig. Ja, als er een taak heel hoog 

staat en ik moet aan die taak werken, dan ga ik niet eerst die an-

dere doen.” 

Ja; De engineer/planner geeft 

enerzijds aan dat het een leid-

raad is, maar anderzijds dat 

deze lijst leidend is.  

G6-6 

Mng 

“En natuurlijk sturen wij dat ze de toegevoegde waarde van het 

bepalen van de prioriteiten door Epicflow zo dat ze dat volgen, 

want we hebben gezien dat dat voordelen met zich meebrengt.” 

“Ik heb nu het gevoel dat als het ware beter op de prioriteiten ge-

stuurd wordt. “ 

Ja; De manager ziet duidelijk 

de toegevoegde waarde. 

G6-7 

SW 

Hoe helpen je de prioriteiten qua verantwoording? “Het is 
makkelijker om dit plaatje naar boven, naar management 
te vertalen en ook duidelijk te maken dat het niet altijd bij 
ons ligt dat we ook op de aansluiting met andere afdelin-
gen veel missen en kunnen verbeteren.” 

Op project niveau ja, op taak 

niveau: nee. 
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Table G-7 Interview statements guideline G-7: Scheduling heuristics can deliver an acceptable benchmark 

for supporting the organisation’s objectives 

Item Uitspraken m.b.t. tot kwaliteit van de prioriteitenlijst en het sup-
porten van management objectives 

Heeft de prioriteitenlijst 
een acceptabele kwali-
teit? 

G7-1 

Mech 

“Nu komen projecten in het rood, dat is niet voor mij een trigger maar 

voor het management van hé. Dan komen er vragen en kan ik het uit-

leggen waarom het is en dan heb je ook begrip naar het management 

toe. Dat is wat ik als de toegevoegde waarde zie.” 

Kun je ook de onderste van de lijst pakken? “Ehhh, vaak zijn er din-

gen die niet op de lijst staan. Ja, alles dat naar mijn gevoel dan weer 

iemand anders verder kan schoppen. Want ja, die detaillering krijg je 

er nooit in.” 

Uit de data blijkt dat je je wel aan de lijst houdt? “Ja. Bij mij zijn de 

planningen door het jaar heen netjes opgeschoond. Ik heb nu nog vijf 

projecten of zes projecten en in staan.” “Op het einde zie je een ander 

beeld, als het goed is. Dan is er veel meer rust.” 

Je werkt nu keurig aan wat management wil? “Ja ja da's heel mooi uit-

gedrukt. Ja zoals management wil.” 

Ja; De lijst geeft de ma-

nagement objectives weer 

en wordt dusdanig ook 

richting management ge-

bruikt om de status weer te 

geven. 

Punt is wel dat verstorin-

gen/ ongepland werk niet 

op de lijst staan en er ook 

niet in te krijgen zijn. 

G7-2 

Mech 

“Aan één kant vind ik het fijn dat je een beetje een leidraad krijgt van 

wat speelt er allemaal en waar moet je focus op leggen. Dat vind ik 

een heel positief aspect.” 

Is het fijn om een perfect plan te hebben” “Nee. Als het er eenmaal 

staat dat misschien wel maar ik denk dat je in het voortraject perfect 

een plan te krijgen het doel voorbijschiet. Je bent dan zoveel bezig 

bent met om het maar perfect in een plan ten krijgen, dat je dan eigen-

lijk weer een beetje aan het over plannen bent en daarmee ook weer 

tijd stopt in het tot op 100 procent nauwkeurig te plannen terwijl je die 

100 procent waarschijnlijk niet nodig hebt.” 

Op hoeveel % van [planningsnauwkeurigheid] zit je nu? Het is lastig 

om een percentage aan te hangen. Nu op dit moment zit ik wel vrij 

hoor. Nou echt goed gefocust met twee dingen bezig en met relatief 

weinig verstoringen. 

Ja; De lijst is een goede 

leidraad, niet perfect, maar 

dat moet ook geen doel 

zijn omdat dit te veel plan-

ningseffort kost en de 

kwaliteit van uitvoering 

niet zal vergroten. 

G7-3 

Mech 

“Ik vind het positief. In het begin was ik nog wel wat sceptisch maar 

ik vind het mooi dat het toch wat meer inzichtelijker gemaakt wordt 

wat ik moet doen eigenlijk” 

Als je nu kijkt naar die projecten die erin staan, is dat wel te doen? 

“Dat is wel dat het wel in mijn scope. Dat is mijn prioriteiten, en dat 

zijn mijn projecten. Dat heb ik wel, dat heb ik wel. Dat komt er wel 

uit.” … “maar daadwerkelijk de tijd die ik eraan moet besteden en er 

eigenlijk aan besteed, dat strookt niet.” …    

“Maar ik heb het inzicht van he, dit zijn nu mijn projecten. Dat is be-

langrijk en dat probeer ik ook zoveel mogelijk als een soort rode draad 

te gebruiken.” 

Klopt de volgorde van de lijst? “Zo ver ik zie zal dat wel. Maar dat 

zijn voornamelijk de projecten.”  

Over de verstoringen: 

“Ja ik kan het inzichtelijk te maken. Ja dat kan, maar dat is niet...Ik be-

doel ik ga niet elke scheet in Epicflow zetten.” … “Nee, die verstoring 

en krijg je nooit uit” 

Ja; Qua projecttaken geeft 

de lijst de prioriteiten goed 

weer. De verstorin-

gen/ongeplande werk zijn 

hierin niet goed weer te 

geven. Ook de inschattin-

gen moeten verbeteren. 
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Item Uitspraken m.b.t. tot kwaliteit van de prioriteitenlijst en het sup-
porten van management objectives 

Heeft de prioriteitenlijst 
een acceptabele kwali-
teit? 

G7-4 

Mech 

Klopt de lijst een beetje? “Ja, we hebben die zelf van informatie voor-

zien, dus dan laat die zien.” 

Kun je de stappen binnen het project wel redelijk volgen? “Ik vind het 

zelfs zo prettig dat die stappen beschreven staan. Dan zie ook wat er 

aankomt. Natuurlijk weet je wel van A tot Z ongeveer wat er gaat ge-

beuren, maar het is handig om de voorspelling te zien wat er gaat ko-

men om de flow erin te houden.” 

Ja; Engineer geeft aan hier 

ook zelf invloed op te heb-

ben. Het overzicht wat de 

lijst geeft wordt als prettig 

ervaren. 

G7-5 

Mech 

“Het aller, allerbelangrijkste is door die prioriteitenlijst heb ik nu ge-

voel dat ik vanuit het management gesteund wordt.  Zo van jij moet 

hieraan werken want wij willen dat af hebben. Dat gevoel was er voor-

heen totaal niet.” 

“Van Yes, nu doe ik iets waar MDX mee gebaat is. En niet alleen ie-

mand.... Voorheen was gewoon niet duidelijk wanneer iets af was.” 

“Die filosofie van joh, je wordt geacht om aan deze taak te werken 

want anders doe je anderen in het bedrijf tekort.” 

Ja; De lijst geeft goed de 

prioriteit van de manage-

ment objectives weer. 

G7-6 

Mng 

Waaruit blijkt dat het nu beter is? “Das een goeie. Ik kan nu niet even 

een cijfer op roepen om dat te onderbouwen. Ze hebben meer houvast 

op dit moment dan in het verleden. Het verleden was dan was het ge-

woon een lange lijst en waar moet ik beginnen als het ware. En dan 

ging het meer om de competentie van de medewerker zelf. Welke ver-

storingen, welke taak van het project dat hij als eerste oppakt.” 

“Dat geeft me een heel goed gevoel. … Ik heb daardoor in ieder geval 

het gevoel dat ze bewuster vast blijven houden aan de aan de uitge-

stippelde route en niet meer zomaar iets tussendoor gaan pakken zeg 

maar wat misschien de waan van de dag is. Dus het bewust vast blij-

ven houden aan de route.” 

Klopt die lijst? Die lijst klopt redelijk. Ja die klopt goed, ja die is goed. 

Ja; De manager noemt de 

kwaliteit van de lijst goed. 

Het geeft houvast en de 

uitvoering is niet meer af-

hankelijk van de waan van 

de dag of de competentie 

van de medewerker zelf.  

 

Table G-8 Interview statements guideline G-8: Scheduling heuristics should be easy to use, understand, 

implement, and maintain 

Item Uitspraken m.b.t. tot het gemak in gebruik van de prioriteitenlijst. Is er goed met de lijst te 
werken?  

G8-1 

Mech 

“Omdat je als je nieuwe projecten gaat invoeren dan heb je zelf zeg-

genschap over, dat is wel handig.” 

Ja; Dit punt geeft aan dat 

medewerkers ook zelf het 

plan kunnen invoeren en 

dit ook waarderen. 

G8-2 

Mech 

“Aan één kant vind ik het fijn dat je een beetje een leidraad krijgt van 

wat speelt er allemaal en waar moet je focus op leggen. Dat vind ik 

een heel positief aspect.” 

Maakt het je werk makkelijker? “Ik denk als rode lijn leidraad dat het 

wel helpt. Echt makkelijk weet ik niet of ik dit zo kan zeggen.” [Dit 

laatste heeft betrekking op inhoud van het werk, niet op het plannen] 

“Zeg maar op school en alles hiervoor was plannen wel het laatste 

waar ik mee bezig was. Ik had geen overzicht waar allemaal mee be-

zig was.” 

“Plannen, ja.... ligt misschien niet helemaal in de aard van het 

beestje.” 

Ja, om met de lijst te wer-

ken wel, op plannen ligt 

niet de focus. 
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Item Uitspraken m.b.t. tot het gemak in gebruik van de prioriteitenlijst. Is er goed met de lijst te 
werken?  

G8-3 

Mech 

“Ik vind het positief. In het begin was ik nog wel wat sceptisch maar 

ik vind het mooi dat het toch wat meer inzichtelijker gemaakt wordt 

wat ik moet doen eigenlijk.” 

“Maar ik heb het inzicht van he, dit zijn nu mijn projecten. Dat is be-

langrijk en dat probeer ik ook zoveel mogelijk als een soort rode draad 

te gebruiken.” 

“Is het een tool dat handig te gebruiken is? Daar ben ik het mee eens. 

Alleen die verstoringen daar kan Epicflow weinig aan doen.” 

Ja; Vindt de tool goed te 

begrijpen en handig in ge-

bruik. 

G8-4 

Mech 

Ja dus, ik heb natuurlijk bij andere bedrijven wel met andere program-

ma's gewerkt. Dat waren meer urenboek programma's dan een plan-

ning en prioriteitenprogramma. 

“Ja mooi, ja eigenlijk wel. Want het neemt toch een stukje planning 

bij jezelf weg. Je hebt meestal in grove lijnen wel in de gaten hoe en 

waar je aan gaat werken. Maar zelf kijk je meestal niet zoveel door 

dan wat Epicflow doet. In zo verre zijn de prioriteiten meestal niet 

verrassend omdat je zelf enig inzicht hebt maar het helpt je wel.” 

“Ben je betrokken bij het opstellen van de planning? “Ja zeker. Als we 

een nieuw project gaan plannen, dan voert engineer 5 het meestal in 

maar hij gaat niet bepalen hoe de planning er uitziet. Die zullen we 

zelf moeten aandragen en samen met engineer 5 voeren we het dan in. 

En later kunnen we het gewoon zelf wijzigen als er een wijziging 

plaats dient te vinden.” 

Wil je doorgaan op de ingeslagen weg? “Ja. Ik vind het wel mooi om 

een planningsprogramma te gebruiken dat alle projecten overkoepelt 

en daar een conclusie uit haalt. In plaats van heel veel planningen die 

parallel lopen en niet naar elkaar toe kijken.” 

Ja; zeker handiger in ver-

gelijking met het plan-

ningssysteem dat in vorige 

bedrijf gebruikt werd. On-

derhoud doet de engineer 

zelf. 

G8-5 

Mech 

Maakt dat je werk makkelijker? ”Voor mij wel. Ik ben wel iemand die 

in zijn hoofd wil weten van werk ik op dit moment aan de juiste din-

gen. En niet zo van, ja ik ga vandaag dit doen omdat ik de dag door 

moet komen. Daar heb ik een hekel aan.” 

Is het plan moeilijk aan te passen? “Nee, Ik kan het gewoon door-

schuiven. Dat is geen probleem. Maar we moeten even naar het ma-

nagement met de reden van joh voor ons is het prettig als het naadloos 

op elkaar aansluit dus we gaan het schuiven.” 

Ja; De planner geeft aan 

dat zijn werk makkelijker 

is geworden, ook het on-

derhoud gaat makkelijk. 

G8-6 

Mng 

Maakt het je werk makkelijker? “Ja. En echt de detail planningen 

doen ze nu echt helemaal zelf. En dat is mijn verleden niet gelukt om 

daar sommige medewerkers in mee te krijgen. Dus ja, dat maakt het 

voor mij makkelijker.” 

“Alleen als milestones moeten verschuiven dan wil ik het graag horen. 

Dat heb ik als afspraak met mensen.” 

Wat zou je een nieuwe collega aanraden? “Dat we een mooi Multi 

project systeem hebben wat voor jou een basis op een hele goede ma-

nier prioriteiten laat zien als je ze zich goed ingegeven! Dus ik ga be-

ginnen met een cursus geven hoe die met name goeie inputs moet ge-

ven, want de input zijn nog net zo belangrijk als de outputs.” 

Ja; Manager is zeer te 

spreken dat de medewer-

kers zelf de planningen op-

stellen en onderhouden. 

Helemaal dat zelfs de 

grootste criticasters hier-

aan meewerken.  
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Table G-9 Interview statements guideline G-9: The decision-makers are allowed to deviate from the 

scheduling proposed by the heuristics 

Item Uitspraken m.b.t. tot het afwijken van de prioriteitenlijst Mag je afwijken van de prio-
riteitenlijst? 

G9-1 

Mech 

Ik heb dat gevoel bij, als wat iets kan lijden, dan doe je toch an-

dere projecten eerst. Terwijl die toch in het rood staat. Maar ik 

weet van ja, maar dat is misschien genuanceerder. Alles is genu-

anceerd in planningen. Dus ja, dan ga ik toch mijn eigen weg. 

Is dat lastig als je afwijkt om dat te verantwoorden naar Ma-

nagerX?  “Nee, nee. Ik beslist dat. Tuurlijk kan ik dat 

verantwoorden want anders ga je een andere weg.” 

Ja; En doet dit op verantwoorde 

wijze. Maar ook zonder autori-

satie zou deze medewerker 

wellicht wel afwijken.  

G9-2 

Mech 

“Daarbij heb ik wel gemerkt dat ik er af en toe van afwijk. …. 

Maar ook af wijk op het moment dat wat je zegt dat het achteraf 

besproken wordt dan ja ...misschien had ik beter niet af kunnen 

wijken.” 

“Je moet het natuurlijk niet te bond maken.” 

Afwijken; is dat een goede toevoeging of kan je beter zeggen hou 

je allemaal gewoon strak aan die lijst? “Nee, nee, ik denk dat af-

wijken ervan noodzakelijk is.”  

“Ja, tenminste voor mezelf. Ik denk niet dat ik zou kunnen 

werken op het moment dat alles 100% voorgeschoteld wordt. 

Want je moet nu dat-dat-dat-dat-dat. Ik denk dat die vrijheid, die 

gedeeltelijke vrijheid, wel het een belangrijk aspect is. Ik ben van 

mening dat je niet alles volgens 100% kan inplannen.” 

Geeft je manager je de vrijheid om af te wijken van de lijst? “Ja, 

ik heb het idee dat we hebben die vrijheid wel tot op zekere 

hoogte zeker krijgen.” 

Ja; en geeft aan dat mogen af-

wijken noodzakelijk is om het 

werk goed uit te voeren. 

G9-3 

Mech 

Wat vinden de anderen ervan als je afwijkt van de lijst? ”Dan zal 

ik het ook in Epicflow zetten en dan is het ook inzichtelijk, maar 

ik heb nog geen één keer gehoord of dat ik teruggefloten word of 

waar ben jij nu mee bezig.” 

Ja; En tracht de afwijkingen 

ook bij te houden. 

G9-4 

Mech 

Krijg je de vrijheid om af te wijken van de lijst? “Ja die vrijheid, 

in zoverre dat dat vrijheid mag heten. Het zijn zaken die gewoon 

van belang zijn en waar ManagerX ook de noodzaak van inziet. 

Het is niet dat ik zelf bepaal wat ik aan het doen ben.” 

“Zonder die vrijheid zou ik regelmatig mensen moeten teleurstel-

len.” 

“Ik denk dat dat het uiteindelijk meer tijd kost om iemand tussen 

te zetten die die plannen maakt dan dat ieder voor zich te bepalen 

of het noodzakelijk is om af te wijken of niet.” 

Ja; En geeft aan dat het noodza-

kelijk is om te mogen afwijken. 

G9-5 

Mech 

Wat vond ManagerX ervan dat je afwijkt van die van die lijst? “Ik 

probeer als het echt vanuit management uit de klauwen loopt dan 

kom ik wel naar de persoon toe van joh dit is niet goed we 

moeten hier sneller of zo.” 

Ja; en gaat hier verantwoord 

mee om. 

G9-6 

Mng 

Wat betekent dat voor jou persoonlijk dat ze afwijken van die 

lijst? “Van mij mogen ze afwijken als ze de grote lijnen vasthou-

den. Ik vind het prettig dat ze de vrijheid hebben om daar nog van 

af te mogen wijken.” 

Ja; De manager geeft de autori-

satie en vindt het ook prettig 

dat ze deze vrijheid hebben. 
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Table G-10 Interview statements guideline G-10: Frequently assess if the arguments for deviating from the 

heuristic are accepted as a justifiable deviation 

Item Uitspraken m.b.t. het frequent beoordelen van de allocatie beslissin-
gen 

Worden RA-beslis-
singen frequent be-
oordeeld? 

G10-1 “Omdat tijdens een vergadering dit erbij wordt gehaald. Dan is het een 

onderwerp. Met de afdeling elektro, met Engineer 5, ManagerX en ik. 

Eens in de twee weken.” 

“Dan pakken we de lijst erbij. Dan staat iets rood, waarom dit waarom 

dat en zijn er nog nieuwe dingen ja of nee. ….Dat is handig.” 

Ja; tijdens het team-

overleg wordt de lijst 

doorgenomen. 

G10-2 “Daarbij heb ik wel gemerkt dat ik er af en toe van afwijk. …. Maar ook 

af wijk op het moment dat wat je zegt dat het achteraf besproken wordt 

dan ja ...misschien had ik beter niet af kunnen wijken.” 

Voorbeeld? “Dat van sales support aan mijn bureau staat; hé hoe zit het 

als we ….<detail voorbeeld>” 

Werd je afwijking geaccepteerd? “Het was een beetje ongeoorloofd, 

maar ook wel weer zoiets van het is niet er dat het gebeurd is want het 

heeft wel nuttige informatie opgeleverd.” 

Werd je afwijking geaccepteerd? “…waarvan ik eigenlijk wel wist van 

dat ik dat interessant vond om wel meteen op te duiken. Maar ook wel 

zoiets had van ja, dit is het eigenlijk niet het juiste moment voor omdat ik 

toch andere dingen te doen heb.” 

Ik heb je wel eens stevig aan de tand gevoeld. “Ah, dat was goed ook.” 

“Je moet het natuurlijk niet te bond maken.” 

Bespreek je de lijst en afwijkingen nog altijd met het team?  “Ja. Bij het 

wekelijkse afdelingsoverleg. ….En dan wordt met ManagerX de lijst er-

bij gepakt en van waar staan we, dit loopt achter, of hier voorzien we nog 

problemen.” 

Ja 

G10-3 Wat vinden de anderen ervan als je afwijkt van de lijst?  “Ik heb nog 

geen één keer gehoord dat ik dingen die ik doe niet mag doen.” “Dan zal 

ik het ook in Epicflow zetten en dan is het ook inzichtelijk, maar ik heb 

nog geen één keer gehoord of dat ik teruggefloten word of waar ben jij 

nu mee bezig.” 

Ja. Opmerkelijk is dat 

deze medewerker 

vindt dat dit kennelijk 

altijd om de juiste re-

den was terwijl de 

analysis spreadsheet 

het ook “non-justifia-

ble” argumenten laat 

zien.  

G10-4 Wat vindt de manager ervan als je afwijkt? “Ja, ik denk dat ie-

dereen wel open genoeg is en dat de lijnen al zo kort zijn dat zulke din-

gen makkelijk besproken kunnen worden.” 

Is het benoemen van afwijkingen door de tijd makkelijker geworden? 

“Om die afwijking te benoemen en toe te lichten? Nou, nee ik heb daar 

nooit moeite mee gehad. Dus in zoverre niet.” 

Ja, en er is ook geen 

belemmering om deze 

te bespreken. 

G10-5 Is het plan ook beter geworden? “Ja dat is een continu proces. We hebben 

initieel een template met zoveel uren. En je ziet gewoon af en toe door de 

tijd heen moeten er taken uit en taken bij. Daar leer je gewoon elke week 

van.” 

 

G10-6 

Mng 

Afwijken. Hoe beoordeel jij dat of ze dat goed doen? “Nee nee nee nee, 

eerlijk gezegd beoordeel ik dat niet.” …”  

Ja, maar manager 

geeft aan dat dit niet 
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Item Uitspraken m.b.t. het frequent beoordelen van de allocatie beslissin-
gen 

Worden RA-beslis-
singen frequent be-
oordeeld? 

Maar heeft dat wel nut gehad om met hen te hebben over: Waarom heb je 

nu die taak opgepakt en niet die? “Ja, ja, voor mijn gevoel heeft dat 

heel veel nut gehad. Heel veel nut gehad. [Lach]” …“Je filtert er wel uit: 

Jij bent daaraan begonnen en niet daaraan. En dat soort micro planning, 

dat bekijk ik dus niet. Maar dat was wel interessant van waarom doe je 

dat nou. Dat vond ik wel een super toegevoegde waarde.” 

“Ik doe het heel beperkt. Ik ga heel beperkt de mensen controleren of ze 

wel of niet aan de juiste taak werken. Dat doe ik heel beperkt…. Hmm, 

controleren, sturen, coachen.” 

Bespreek je ook met hier team die lijst? “De lijst pakken we er in weke-

lijkse bespreking erbij en dan gaan we die van boven naar beneden door-

lopen om te kijken van waar het aan ligt dat die zo'n een hoge prioriteit 

heeft en hoe we die het snelste weg kunnen krijgen.” 

“We gaan niet de discussie aan of hij aan prio 1 of aan prio 5 heeft ge-

werkt en waarom niet. Die discussie gaan we niet aan.” … “En dan kij-

ken we in het laatst van de meeting nog naar de totaal planning en of daar 

nog milestones in gevaar komen.” 

Komt het ter sprake als ze ergens niet verder mee kunnen? “Jawel, ja-

wel... Volgens mij is er een open communicatie over wat er wel en niet 

goed gaat.” 

zo uitvoerig doet als 

de researcher doet.  

G10-7 

SW 

Hebben jullie het ook over die afwijkingen?  

“Daar hebben we het ook over ja. Dat proberen we op orde te krijgen 

maar als de houding richting planning geneuzel is dan kom je niet zo ver.  

Het is niet direct mijn rol. Ik ben er ook niet heel happy mee omdat te 

doen.” 

Bespreek je de afwijkingen met ManagerX? 

“Nee, niet, te weinig, maar daar is nu pas sinds begin dit jaar[2020] een 

moment gecreëerd waar je stelselmatig met de seniors overleggen waar 

dat soort zaken ter sprake kunnen komen. Maar we zijn al vanaf vorig 

jaar juni bezig om een structureel overleg, dat wij dat graag willen, en dat 

is nu pas gefaciliteerd.” 

Nee, althans niet op 

een structurele wijze 

die leidt tot betere re-

source allocatie. Inten-

tie is wel om dit te 

gaan doen. 

 

Table G-11 Interview statements guideline G-11: Periodically evaluate the decision-making process and 

analyse the type of reasoning 

Item Uitspraken m.b.t. het periodiek beoordelen van de allocatie 
beslissingen? 

Zijn er structurele verbete-
ringen toegepast in het RA-
proces?  

G11-1 Voorbeeld structurele verbeter actie? “...De vliegende keep is 

weer een obstakel voor de servicemannen, want dan moet het op 

papier gezet worden. Dan denken ze er eerst maar een keertje 

over na.” 

“Alleen de vliegende keep an sich, omdat wij dus echt twee spe-

cifieke groepen hebben, mechanica en elektronica, dan werkt 

het niet.” 

Ja, vliegende keep, minder ver-

storing bij innovatie, maar helpt 

niet voor de klant.  
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Item Uitspraken m.b.t. het periodiek beoordelen van de allocatie 
beslissingen? 

Zijn er structurele verbete-
ringen toegepast in het RA-
proces?  

Wat is er verbeterd? “Ja. [Stilte] het gevoel is dat het iets minder 

rommelig is. Het is allemaal minder rommelig, bij ons. Maar ik 

denk dat aan de klant zijde, dit niks oplost.” 

G11-2 “Ik denk dat het vooral heel veel scheelt is het stuk in teams 

[Microsoft-teams], dat er een centrale plaats is waar de proble-

men binnenkomen, al is dat nog niet altijd het geval.” 

“Maar dat je ook informatie centraal hebt staan. Op het moment 

dat een vraag één keer binnenkomt, dat staat die daar en op het 

een moment dat diezelfde vraag nog een keer binnenkomt is de 

vraag tien keer makkelijker.” 

Werkt de interventie? “Dat het zichtbaar is zodat er ook iets aan 

gedaan kan worden want als het altijd maar zwevend is een ver-

storing hier een verstoring daar, ja maar hoeveel? Als je daar 

geen antwoord op kan geven dan kan er ook niet aan gedaan 

worden.” 

Ja, centrale plaats waar issues 

gerapporteerd worden.  

G11-3 Welke acties zijn concreet genomen in jouw ogen? “Die vlie-

gende kiep. Met de vliegende keep is op zich niks mis mee. Dat 

heeft toch voor een aantal mensen... werk dat wel. 

Werkt de vliegende keep voor jou? “Nah nee. Ik bedoel voor 

mensen die anders toch vaker aanbellen dan merk je toch wel 

dat het iets minder is.”…” Maar er blijven gewoon zaken van de 

sales afdeling…dat komt ook vrij gemakkelijk bij ons binnen.” 

“En dan wordt gezegd dan moeten jullie die mensen wegsturen. 

Maar als het aan de andere kant gezegd wordt: ja maar er zit een 

klanten te wachten of je moet deze week beslissing of de klant is 

weg bij MDX, dan wordt in feite mij het mes op de keel gezet.” 

Ja, vliegende keep, maar werkt 

maar voor een beperkt aantal 

mensen.  Het dilemma blijft.  

G11-4 Welke maatregelen zijn er genomen om te verbeteren? 

“Ja de maatregelen denk ik voornamelijk bij PR en CR. Omdat 

er toch meer gestructureerd aan te werken. Eigenlijk om er één 

persoon op te zetten die de vliegende keep is dan. Dus één ie-

mand die continu gestoord kan en mag worden in plaats van ie-

dereen die gestoord kan worden.” 

Hoe vind je het om vliegende keep te zijn?  “Ik vind 

het niet erg als dat mijn taak is. Het is voor mij omdat ik nieuw 

ben ook erg leerzaam omdat ik geforceerd word veel dingen uit 

te zoeken die ik nog niet weet en daardoor weet ik meer [Lach] 

aan het eind van de dag.” 

“Voor mij persoonlijk is het ook wel leren, een stukje oplei-

ding.” 

Ja,  

1) PR/CR proces 

2) Vliegende keep, hier leer je 

ook veel van 

 

G11-5 Wat heb je geleerd? “Er zit gewoon meer structuur in. De struc-

tuur is erin gekomen en een overzicht van waar we allemaal aan 

werken. Dat is wel een heel grote vooruitgang.” 

Welke verbetering is er uit de sessies gekomen? “Een hele 

mooie was de introductie van de technische service. Die te pas 

en te onpas binnenliepen om allerlei dingen bij ons op het 

bordje te schuiven. Dat helpt.” 

“Het heeft geholpen. We moeten zelf verdomd goed, hoe zeg je 

dat, de leraar zijn van dit kan niet meer. Zorg maar dat het op 

Ja,  

1) er is meer structuur en over-

zicht 

2) Introductie van technische 

service procedure. (Is gerela-

teerd aan PR/CR en vliegende 

keep) 

3)Update template 
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Item Uitspraken m.b.t. het periodiek beoordelen van de allocatie 
beslissingen? 

Zijn er structurele verbete-
ringen toegepast in het RA-
proces?  

het lijstje komt. Afhankelijk van de prioriteit gaan we e aan wer-

ken en niet om eh…Ja, die mensen proberen gewoon van. Weet 

je wat, ik kan het gewoon proberen he?” 

Ben je nog van plan om te kijken waarom je afwijkt van de lijst? 

“Ik ben wel van plan om de redenen waarom een project niet 

binnen de tijd af is te helder te krijgen want die kun je daar wat 

aan doen. Dat zou in de project evaluatie moeten komen. Als we 

daar een rode draad in kunnen vinden, dan moeten we links of 

rechts daar iets kunnen doen dat het de vorige keer beter klopt.” 

Is het plan ook beter geworden? “Ja dat is een continu proces. 

We hebben initieel een template met zoveel uren. En je ziet ge-

woon af en toe door de tijd heen moeten er taken uit en taken 

bij. Daar leer je gewoon elke week van.” 

G11-6 

Mng 

Afwijken. Hoe beoordeel jij dat of ze dat goed doen? “Meestal 

begrijp ik de reden en meestal kan ik me daar wel redelijk in 

vinden. Dan zie ik dat de algehele processen dat daar vaak de 

moeilijkheid zit.” 

Bespreek je hoeveel men aan PR en CR-en werkt? “Ja, dat wel. 

Dat bespreken we dan als totaal bij de balance score card.” … 

“De totale tijdsbesteding hebben we in balance scorecard met 

verschillende KPI's hebben we die inderdaad opgedeeld en die 

wordt maandelijks besproken. Maar dan gaat het meer om, zit-

ten we ongeveer op tien of twintig of op dertig procent tijdsbe-

steding aan PR, CR-en.” 

Wil je doorgaan op de ingeslagen weg? “Ik wil er 100% mee 

doorgaan. Het systeem zoals het zoals het nu is met het totaal-

planningen overzicht en de prioriteitenlijst en houvast die het 

geeft, maar ook de weerstand die het heeft gemaakt om kleinere 

dingetjes tussendoor te doen, dat heeft volgens mij alleen maar 

positief gespeeld in de totale efficiëntie van de afdeling.” 

Ja,  

1) Balance score card monito-

ring 

2) PR/CR procedure 

3) Totaal-planningen overzicht 

4) Prioriteitenlijst 

4) Efficiëntieverbetering 

 

G11-6 

SW 

Waardoor is het beter geworden? 

 “En het is ook beter geworden doordat we ook weer op een ac-

tieve manier te evalueren zijn waarom taken ver uitlopen en wat 

we daarmee kunnen om dat de toekomst te voorkomen.” 

“In het verleden hadden we niks van een template in liggen en 

werd ter plekke verzonnen wat er voor een project nodig was. 

Inmiddels hebben de template liggen en daar staan alle stan-

daard taken voor de fases in en die nemen we in ieder geval 

mee.” 

Werkt de vliegende keep?   

“Dat werkt over het algemeen heel goed. Je zit altijd wel, met 

zoals overal, met een stuk grijs gebied van zaken hoever je moet 

gaan de zaken uitzoeken. daar is wel eens wat onduidelijkheden 

over. 

Die vliegende keep brengt een stuk rust dat je niet op elk mo-

ment lastiggevallen wordt.  ..Dat Werkt.” 

Ja,  

1) Evaluatie van taakuitloop en 

de preventie ervan. 

2) Er is een project template ge-

maakt  

3) Vliegende keep werk succes-

vol 
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G.2 MDX Interview Statements Exit interview  

Statements are translated from Dutch to English. The transcriptions can be obtained 
in Dutch, by the researcher on request. 

Table G-12 Interview statements from the exit interview 

Who Question Answer 

Mechatronics 

Engineer-1 

 

What would you recom-

mend to a new colleague? 

“These are the projects, especially in the beginning it is a bit 

clearer, which also helps during the department meetings. 

Then you can say that goes in red, that's the reason. And then 

someone else can tell, but I can add that for you. Or we have 

to get someone for you, but that's ManagerX.” 

Mechatronics 

Engineer-2 

What would you tell a new 

colleague how to deal with 

the list? 

“Think of it as a guide. Please do not assume that it is 100 per-

cent accurate and that you should and may work according to 

it only. But keep it in sight because those are the most im-

portant projects you are working on. It does indicate how you 

are doing with those projects, so you have to keep an eye on 

that.” 

Mechatronics 

Engineer-4 

Do you want to continue 

on this path? 

“Yes, I like to use a planning program covering all projects 

and draw a conclusion from it, instead of many schedules that 

run in parallel and do not look at one another.” 

Mechatronics 

Engineer-4 

What is the difference 

compared to your other 

company? 

“A planning per project is often used. But those schedules did 

not take one another into account. So, it could be that you had 

to work on many projects for a period and then a quieter pe-

riod. How do you explain that...? This takes one another into 

account, and I've never seen it before.” 

Mechatronics 

Engineer-4 

What would you recom-

mend to a new colleague 

who comes into contact 

with this method? 

“You have to use it as a guide.” 

Mechatronics 

Engineer-5 

Do you want to continue 

on this path? 

“Yes, for sure. It just gives me structure at work and that's just 

the most important thing, no matter what I said at the begin-

ning. And the feeling of working on the right thing is very im-

portant to me personally.” 

Mechatronics 

Engineer-5 

What would you recom-

mend to a new colleague 

who comes into contact 

with this method? 

“That philosophy where the mindset is that you are expected 

to work on this task; otherwise, you will deficiency others in 

the company.” 

Software 

team lead 

Do you want to continue 

on this path? 

I want to continue on the chosen path. …. We wonder a bit 

whether we can indeed continue to translate Jira as project 

management and the PMIS as a reporting tool because we 

have some wishes to work with the story points. lyrics in the 

future with Jira next-gen project
©
 . Those are challenges. 

Software 

team lead 

Do you want to continue 

to use the priorities? [on 

project level] 

Yes, absolutely. 

Manager-X Do you want to continue 

on this path? 

“I want to continue with it 100%. The system, as it is now, 

provides a total planning overview and guidance with a list of 

priorities. It also created resistance to do smaller things in be-

tween. I think that has played a positive role in the total effi-

ciency of the department.” 
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Who Question Answer 

Manager-X What would you recom-

mend to a new colleague? 

“That we have an excellent multi-project system. This is for 

you a basis, which shows the priorities in a very good way, if 

you enter them correctly! I will start by giving a course on 

how to give good inputs, because the input is just as important 

as the output.” 

G.3 MDX Interview statements related to quality of allocation 

decisions 

From the guideline interview (MI-3) transcriptions we selected all statements related 
to deviating from the priority list. Table G-13 gives the overview. These transcriptions 
are used for the Goal-2 data analysis, “Defining to what extent the arguments for 
deviating from the scheduling heuristics are accepted as a justifiable deviation”  (par. 
11.3.2).  

The statements are translated from Dutch to English. The transcriptions can be 
obtained, in Dutch, by the researcher on request. Note that these statements are also 
used for a different analysis purpose in Appendix D. e.g., Eng1-22 below is same 
statement as G4-1 in Appendix D. 

Table G-13 MDX Interview statements related to quality of allocation decisions  

# Who Question Answer 

1 Eng 1-22 

G4-1 

Is it difficult to justify to 

ManagerX if you deviate? 

No, I decide that. Of course, I can justify that because other-

wise, you will go a different way. 

2 Eng 2-02 What does it do to you per-

sonally when you are pre-

sented with that list? 

Besides, I have noticed that I deviate from it occasionally. 

And when you discuss it afterwards, then yes…  Then 

maybe I better should not have deviated. 

3 Eng 2-04 Has your deviation been ac-

cepted? 

With hindsight, by the way, it took me a few hours. It hasn't 

brought me a problem in terms of the time for the other 

things. 

4 Eng 2-05 Has your deviation been ac-

cepted? 

It was a bit illegal, but it is not there that it happened be-

cause it provided valuable information. 

5 Eng 2-06 Has your deviations from the 

task list been accepted? 

Which I knew. But I found interesting to jump on it immedi-

ately. But I was also like, yes, this is not the right time, be-

cause I have other things to do. 

6 Eng 2-21 Does your manager give you 

the freedom to deviate from 

the list? 

Yes, I have the idea that we do have that freedom to some 

extent. 

7 Eng 3-25 What do others think if you 

deviate from the list? 

I have never heard that I'm not allowed to do things. 

8 Eng 3-26 What do others think if you 

deviate from the list? 

I put it in the planning because then it is also transparent. I 

have never been called back and have never heard 'what are 

you doing now?' 

9 Eng 3-27 Do others understand why 

you deviate from the priori-

ties? 

Nah, no, it isn't. There is certain confidence. We are not just 

going to do anything.  
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# Who Question Answer 

10 Eng 3-28 Do the rest understand why 

you deviate? 

There are so many cases; many [colleagues] do not realize 

what is happening. 

11 Eng 5-04 What do you think about 

having to justify about devia-

tions from task list? 

Yes, that is part of it. But for me, the priority list is sacred. 

If one task is very high and I have to work on that task, then 

I will not do the other one first. 

12 Eng 5-08 What did ManagerX think 

about you deviating from 

that list? 

He thinks it's okay, he never asks what I'm doing now. Man-

agerX is more like someone who believes it should live with 

people. 

13 Eng 5-09 What did ManagerX think 

when you deviated from that 

list? 

If things get out of hand with management, then I will come 

to the person and say that this is not good and that we have 

to go faster here. 

14 Eng 4-07 What did ManagerX think 

when you deviated from that 

list? 

If it needs to be appointed at all, and there is a valid reason 

for it, it can be appointed. 

15 Eng 4-08 What did the manager think 

about you deviating from 

that list? 

I think that everyone is open enough and that the lines are 

already so short that such things can easily be discussed. 

16 Eng 4-22 Has naming deviations be-

come easier over time? 

To name and explain that deviation? Well, no, I have never 

had a problem with that. So not to that extent. 

17 ManX-07 What does that mean for you 

that they deviate from that 

list? 

For me, they can deviate if they stick to the big picture. I 

like that they have the freedom to deviate from that. 

18 ManX-08 How do you assess whether 

they deviate properly? 

No, no, to be honest, I am not judging that. 

19 ManX-09 How do you assess whether 

they deviate properly?  

But you [the researcher] somehow got that out in detail; 

they are different, and we discussed that. I certainly had an 

opinion about that, but I will not map out that deviation for 

all those employees. And then discuss those deviations by 

name. 

20 ManX-10 How do you assess whether 

they deviate properly?  

Usually, I understand the reasons and can agree with them. 

Then I see that the overall processes are often the problem. 

21 ManX-23 Has it been helpful to talk to 

them about: Why did you 

now take up that task and not 

another one? 

Yes, I feel that it has been handy. It was very useful. [laugh] 

22 Sw-
Eng-06 

How does that help you in 

terms of accountability? 

It is more accessible to translate this picture upwards, to 

management and clarify that it is not always with us that we 

miss a lot and can improve on the connection with other de-

partments. 
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G.4 MDX Collected data task priority review session 

During the movement phase we recorded in the event log the periodical review 
sessions with the team. Table G-14  give an overview of the collected statements during 
the recorded priority review sessions May 2019. The statements are translated from 
Dutch. This data is used in the analysis of Goal-2 (par. 11.3.2). The analysis spreadsheet 
became available after this session and from that moment on arguments were collected 
in the sheet. 

Legenda for this table: 
• Item: Identification of the resource allocation decision discussed. 
• Res: Resource who made this decision 
• Prio: Priority of the allocated task, calculated based in the  CR-heuristics with, 

- R=Red- related milestone is overdue 
- Y=Yellow -low time buffer (<20%), requires management attention 
- G=Green - healthy time buffer 20 to 40%, milestone can probably be reached 
- B= Blue – more than enough time buffer, task has a low priority 
- The number reflect the (about) the remaining buffer %. If task is Red, then the 

figures above 100  reflect the days that the milestone is overdue.  
• Issue: Description of the situation 
• Argument/Discussion: reason why the decision-maker deviated from the priority list, 

and the discussion with the team about this argument  
• Argument accepted: Judgement by the team of the decision-maker if  deviation is 

justifiable or not. 

Table G-14 MDX Collected data task priority review sessions May 2019 

item  Res Prio Issue Argument/discussion Argument 
Accepted 

1.  Elec – 

eng-2 

B53 Tasks of project 

XYZ were skipped.  

We work on this project based on supply and 

demand. If a supplier delivers a product, then 

we will take action.   

Q researcher: Can’t you plan this? 

Eng-1: “Not in this phase” (Is the project ap-

proval phase where they do project investiga-

tions) 

Yes, instanta-

neous 

2.  Elec – 

eng 1 

B48 The task of ABC 

V2is is not worked 

on, but instead, the 

engineer is working 

on the manual which 

has a lower prio 40. 

Eng 1: “I must start the test now. But I do the 

manual in between because it is my least fa-

vourite job” 

Eng 2: “Are you now telling me that you do it 

because you DON’T like it?? Why” 

Eng 1: “Because I have to do it anyway” 

With doubts, 

after a few 

minutes of 

discussion 

3.  Elec – 

eng 1 

- The engineer wants 

to work on project 

ZVZ, the project that 

is not on the list.  

Eng 1: “LCC and 3V3 have equal priority, I 

also want to start that” 

Eng 2: “Are you going to multi-task?” 

Eng 1: “ Yes, is also possible now because it 

is in house”. (Check reason ) 

Yes, after a 

short discus-

sion 

4.  Elec – 

eng 1 

B19 CR tasks about X- 

sensor 

Eng 1: “I worked on the HIB CR since that 

priority is higher. “ 

 

Yes, instanta-

neous 
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item  Res Prio Issue Argument/discussion Argument 
Accepted 

We decided to add an “urgent” phase in order 

to reflect the right prio of these issues. 

5.  Elec – 

eng 2 

Y97 They did not work on 

the highest and the 

next three tasks of 

the UXL project. 

The supplier did not deliver the product. Plan-

ning was not updated because they want to 

keep this task as the highest prio to keep fo-

cus.  

Eng 2: “If I had the product, then I was not 

sitting here” 

Yes, instanta-

neous 

6.  Elec – 

eng 2 

G64 Filed test of project 

MTR redesign is the 

next task in the prior-

ity list. No spend 

hours reported since 

31-1-2019. 

The field test is running, nothing is reported 

from the field then we don’t have to do any-

thing. The 8 hours remaining will stay in 

planning until the field test is finished. 

Yes, instanta-

neous 

7.  Elec – 

eng 2 

B53 Tasks of project 

XYZ for Eng 2 is 

worked on together 

with other tasks. 

Which is multitask-

ing what we want to 

avoid. 

Eng 2: “I’m working on this task, but I can’t 

go “full house” 

[eng 2 has to attend meetings organized by 

another party from time to time to discuss the 

set-up of this project, in this phase innovation 

is not in the lead] 

Yes, instanta-

neous 

8.  Elec- 

eng 2 

B40 Task of ITL project 

to test ethernet board 

is not worked on 

Eng 2: “Board did not arrive yet” Supplier did 

not deliver, but there is slack in this project. 

 

Eng 2: “Slave board did arrive [prio 28] did 

arrive, so I started that test first” [ originally it 

was planned to do ethernet board first. Task 

has status upcoming instead of ready to start ] 

Yes, instanta-

neous 

9.  Elec- 

eng 2 

B7 Manual ITL “It appeared on my path and SW was also 

working on it” 

Yes 

10.  Eng-1 R123 Eng had to leave an-

other task to jump on 

task for EDR. The 

question is why he 

had to multi-task. 

When we started in 

the morning, we did 

not see this task.  

Eng-1: “I thought this task was ready, but 

sales demanded extra things we did not fore-

see. Sales were just next to my desk”  

When the engineer estimated the remaining 

hours, it immediately got a high priority be-

cause the due date was passed 23 days ago. 

No, should 

go via “call 

system” Sales 

and service 

determine 

priority there.  

11.  Eng-1 R117 The engineer is 

working on tasks 

TIL(117) and CIL 

(prio 111) and UXL 

(96)project at the 

same time 

Eng-1: “At some projects, I have to wait”   

Planner: “But if you work on UPS, then the 

other task will be even later” 

Eng-1: “ I can’t work alone on tunnel inlet” 

(because the supplier is required) 

No, took 10 

minutes to 

discuss.  

12.  Eng-1 G69 The engineer is also 

working on a manual 

of IFN project which 

has low prio.  

Planner: “Why are you working on that 

task?” 

Eng 2:” Logic” 

Eng 1: “Eng 2 needs me now and then for 

support” 

Plan:” But it’s a manual?” [appeared that the 

task name is wrong] 

Yes, took 5 

minutes to 

discuss. 
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item  Res Prio Issue Argument/discussion Argument 
Accepted 

Eng 2:” If we are not starting this project then 

we can’t deliver the product, the risk here is 

much higher [than the other product]” 

13.  Eng-1 G60 Worked on Manual 

for the CEL project 

Eng-1: “I worked on this task when other pro-

jects were not urgent” [still remaining work 

has to be done] 

[question afterwards: can’t recall now if the 

other tasks had a higher prio at that time. And 

why is the last 8 hours not finished? Bad mul-

titasking?] 

Did not rec-

ord confirma-

tion 

14.  Eng-1 B39 Worked on the final 

design of the UXL 

project but did not 

complete it 

Eng-1: “This one had once a high prio” [be-

cause the supplier did not deliver. After the 

supplier delivered the prio dropped] 

[question afterwards: why is this task not fin-

ished? Only 1 hour left. Bad multitasking?] 

Did not rec-

ord confirma-

tion 

15.  Eng-1 B23 CR- control box Plan: “ Did you got an official request? It’s 

for 69 hours. Comes at the expense of high 

priority task” 

Eng-1: “Ehh, yes, I have no answer for this so 

quickly”….”X planned a meeting, and we 

don’t say no that often”  

Plan:” We have to ask the question if it is 

good to delay another project because of the 

control box”  

Eng-2:”Eng 1 can’t put it on hold himself” 

“Manager? “ [ he asked finally the manager 

innovation for a decision. 

Manager: “We will finalise it now. It's also 

important that issues are removed of this list” 

[22 hours remaining of the 69 hours] 

No, after 10 

minutes dis-

cussion, PR/ 

CR process 

must be regu-

lated 

16.  Eng-2 R111 CEL project, highest 

prio task for Eng-2, 

but he did not work 

on it because of PR 

and CR’s. 

Eng-2:” We go full throttle with the wind tun-

nel” “I was disturbed by PR and CR tasks”  

[plan and man don’t like all these uncon-

trolled disturbances by PR/CR] 

No, PR/ CR 

process must 

be regulated 

17.  Eng-2 G71 Creating a new pro-

file for IFN project 

See the reason of Eng-1 on this project. The 

project has a high risk.  

Yes, instanta-

neous 

18.  Eng-2 B41 IFN project tasks. 

See the last session, 

had high prio and 

was a full-time job. 

Now the prio is low 

and is also skipped in 

the list. 

Plan: “the deadline of legislation is delayed 

with a year, so has no priority anymore. “ 

[question afterwards: why not remove this 

project?] 

Yes, instanta-

neous 

19.  Eng-2 B40 IET support task for 

a field test. 

“Field test is running; I only have to support 

when there are issues” 

Yes, instanta-

neous 

Source MI-4, event log May 9
th
, 2019 



 



 

Appendix H Mintzberg's Project Structures 

In chapter 6 we defined the context requirements for our design proposition. To some 
extent these context guidelines match with characteristics of Mintzberg’s project 
structures as described by Donk & Molloy (2008). Knowing which type of organisation, 
we are looking for could easy the search for an appropriate candidate for the design 
proposition.  We first start with a description of Mintzberg’s 5 project structures, 
followed by a selection of the most relevant context requirements of Table 6-3. Finally, 
we determine based on the selected context requirements the most relevant project 
structure(s) 
 
Main characteristics of Mintzberg’s 5 project structures based (Donk & Molloy (2008). 
 
Simple projects Rely on the vision of project leader. Technology complexity 

is low, and the environment is relatively stable. In those 
environments, it is probably too obvious which task to 
choose next.  So, the complexity is too low which makes the 
willingness to use local knowledge irrelevant.  

Bureaucratic projects        Or the “machine” organization is applicable in stable and not 
too complex environments. Often used in construction 
projects with detailed work breakdown structures and 
schedules. A potential pitfall is such a high level of 
standardization that limits the adaptability of projects.  The 
authority is mainly in hands of management and employees 
have very limited freedom to manage their own work, they 
have to work according to plan. 

Divisionalised projects      Typically a multi-project environment where account 
managers are dealing with one or multiple clients and 
localize resources to serve these clients interest. The account 
or project leader is the main contact with the client.  The 
pitfall is that middle managers have only local interest for 
their own projects with loss of synergy for the organization 
as a result. The focus in such an environment is on (local) 
project effectiveness, not on resource efficiency in order to 
improve the performance of the whole organization. 

Professional projects        Typically new project development where different experts 
with well-defined skills bring together their expertise into a 
project. Training and education are a major design 
parameter. Project leadership is in the hands of the senior 
professional. The difficulty raises when interdisciplinary 
solutions are required. The typical dilemma is between 
control and professional freedom. In general, the 
professionals dislike to be controlled by management and 
they have a strong willingness to control their own work. 
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Although the professionals are trained to follow procedures, 
the project management maturity is a point of attention in 
these environments caused by lack of control by 
management over the professionals.  

Adhocracy structure        A project based complex dynamic organization form.  'Any 
form of organization that cuts across normal bureaucratic 
lines to capture opportunities, solve problems, and get 
results' (Waterman 1992). The pitfall is to fall into a 
bureaucracy structure over time. For sure people in such 
environments use local knowledge to decide on what to do 
next, but probably deviations from the plan (if any) are more 
standard than the exception.  

 
 Based on Mintzberg’s main organizational characteristics and our context 

guidelines, we are looking for an organisation that has the following main requirements:  
• A certain level of complexity and workload is present 

- C-3 Multiple resources can execute the majority of tasks 
- C-6 A priory it may not be obvious which resource allocation decision to make. 
- C-7 The level of complexity is such that at best satisficing decisions can be made. 

• Employees are authorized and stimulated to manage their own work 
- C-1 An environment where it is possible to delegate authority to lower levels in 

the organisation. 
- C-9 A climate of openness is required: an engaging environment with freedom, 

autonomy, collegiality, trust, supervisory encouragement, and organisational 
support. 

• Employees are willingness to use their knowledge to manage and improve processes 
- C-2 Employees are able, willing, and authorised to manage their work. 

• Basic level of Project management maturity is in place 
- C-4 A basic level of project management maturity is in place. 

• The organization emphasizes on the value of learning1 
- C-8 A climate of learning must be present. 
- C-10 Scanning for knowledge: environment must be open to acquiring knowledge 

to improve processes and to learn from past experiences. 
- C-11 Team-learning: it is common for teams to discuss issues and processes and 

draw conclusions together. 
- C-12 Involved leadership: there must be a balance between management attention 

and freedom to learn and explore. 
- C-13 Explicit goal definition: specific targets must be present regarding processes 

and products. Teams also know how to attain these goals and what area requires 
learning. 

 
1
 Mintzberg’s design parameter is “training and indoctrination”, in the light of our guidelines we are not 

looking for a company that uses indoctrination as learning method. Indoctrination does not match the 

STSD values we are looking for.  
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Context guideline C-5, “Scarce resources are shared from a common resource pool.” 

Could not be matched to Mintzberg’s project characteristics. The mapping of 
organisation research requirements on Mintzberg's project structures is depicted in 
Table H-1. 

Table H-1 Mapping of organisation research requirements on Mintzberg's project structures 
Type of 
projects 

A certain level 
of complexity 
and workload 
is present 

Employees 
are au-
thorized to 
manage 
own work 

Employees 
are willing to 
use their 
knowledge to 
manage & 
improve pro-
cesses 

Basic level 
of Project 
manage-
ment ma-
turity is in 
place 

The organiza-
tion empha-
sizes on the 
value of learn-
ing 

Comment 

Simple  - o o + o It is probably too 

obvious which 

task to choose 

next, there is no 

need to use local 

knowledge 

Bureau-
cratic  

- - o + o Management is in 

control. People 

don’t get to the 

freedom deviate 

from a pre-de-

fined plan  

Divisio-
nalised 

+ - o + o The focus in such 

environment is on 

(local) project ef-

fectiveness, not 

on resource 

effectiveness in 

order to improve 

the performance 

of the whole or-

ganisation 

Profes-
sional 

+ + + + + Project leadership 

is in the hands of 

the senior profes-

sional, and they 

dislike manage-

ment control 

Adhoc-
racy 

+ + + - o Deviations from 

the plan (if any) 

are more standard 

than exception 

+ positive for our case selection, - negative, o neutral  

 
From Table H-1 we can conclude that professional project organizations are the most 

applicable for our research. It fulfils all the requirements we derived from our theories. 
According to Mintzberg, the professional organization is also bureaucratic. The bureau-
cracy part comes from the many procedures and rules that have to be followed. This is 
why also the positive sign is added to the basic level of PM maturity. The highly trained 
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professionals like to control their own work within these boundaries and dislike to obey 
orders from management. A typical dilemma is between control and professional free-
dom.  Engineering to Order (ETO) and New Product Development (NDP) organisations 
are typical examples of professional (multi-) project structures (Rahman & Baksh, 
2003). 

 



 

Appendix I Review-model to judge Allocation Decision 
Arguments 

A crucial point of our research is to judge if an argument to deviate from the task list 
priorities is acceptable or not. This paragraph evaluates the pros and cons of different 
approaches. Based on these findings, we decide in the case study set-up which approach 
to apply.  

In Figure I-3, we depicted two high-level models, a post-review model where the 
decision-maker allocates a resource to a task that will be executed. In this case, the local 
decision-maker has the authority to make resource allocation decisions.  Some period 
afterwards, a group of people with the local knowledge review why the decision is taken 
and decide if this reasoning is accepted. The group's discussion and arguments will help 
the decision-maker improve its resource allocation skills, resulting in improved resource 
allocation decisions and a higher acceptance rate. 

In the pre-review model, the decision-maker proposes a resource allocation decision 
that will be judged by a group of people having local knowledge. Only after the group 
agrees execution will take place. In this case, the group has the authority to make the 
resource allocation decision. A variant of the pre-review model is where the proposal 
and acceptance steps are merged, like what is happening in the scrum approach's daily 
stand-up meetings. 

 

Figure I-3 Resource allocation review process 

A key point in organising the resource allocation review process is how to arrange a 
meeting where the team can argue about the decision made. Note that we ask the func-
tional team to accept the arguments given based on the knowledge that was present at 
the moment the allocation decision was made. This implies that the time passed between 
the task allocation and the review of the arguments given should be limited. 

Make resource 
allocation 
Decision

Execute 
decision review decision Propose resource 

allocation Decision
Accept resource 

allocation 
proposal

execute decision

No

Yes

resource allocation group Decision
pre-review modelpost-review model

Make resource 
allocation 
Decision

Execute 
decision review decision Propose resource 

allocation Decision
Accept resource 

allocation 
proposal

execute decision

No

Yes

resource allocation group Decision
pre-review modelpost-review model
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We will not wait until the tasks are finished and the consequences of the decision are 
clear because this requires knowledge that might not even be present at the moment the 
allocation decision is made. 

Table I-1 gives an overview of both models' characteristics, which will be discussed 
in this paragraph's remainder. 

Table I-1 Post & pre-review model overview 

Characteris-
tic 

Post-review model Pre-review model Considerations 

Resource al-

location au-

thority 

Allocation decision by 

local decision-maker 

Formal decision-maker can pro-

pose, but in the end, it is a group 

decision 

Greater chance of ac-

ceptance of decision made 

by the group in the pre-re-

view model 

Moment of 

decision-

making 

It only depends on the 

availability of the local 

decision. It can be done 

ad-hoc without any ar-

rangements.  

Depending on a team meeting. It 

can be a daily scrum or regular 

team meeting. Ad-hoc is difficult to 

organise. 

Make the decision moment 

as close as possible to task 

execution moment to pre-

serve local knowledge in 

decision-making.    

Moment of 

the decision 

review  

It is separated from the 

moment the decision is 

taken, i.e., during a team 

meeting. Must be organ-

ised.  

Integrated into the moment of deci-

sion-making  

Make review moment as 

close as possible to deci-

sion moment to preserve 

local knowledge in evalu-

ating the decision.    

The amount 

of local 

knowledge 

used 

The reasoning of deci-

sion-making is based on 

the local knowledge of a 

decision-maker. 

The reasoning of decision-making 

is based on the local knowledge of a 

group. 

The pre-review model bun-

dles the local knowledge 

of the group to make a de-

cision. 

Resource al-

location argu-

ments 

The reason for task allo-

cation is given and cap-

tured by a local deci-

sion-maker. 

Reason for task allocation is given 

and captured by a group 

Note that in the post-re-

view model, the reasoning 

is discussed by the group 

afterwards. 

Visibility of 

the learning 

effect 

-By acceptance rate of 

decisions made 

-By analysing the degree 

of the acceptation and 

the degree of difficulty 

to judge reasoning of the 

decision made by a local 

decision-maker  

-No acceptance rate visible since it 

is a group decision 

-By analysing the degree of the ac-

ceptance and the degree of diffi-

culty to judge reasoning leading to 

the group decision 

The acceptance rate of the 

decision made cannot be 

measured by in pre-review 

model since the decision 

made by the group ac-

cepted by default 

Source: Characteristics and arguments are defined in this paragraph 

In the post-review model, the acceptance of resource allocation arguments is sepa-
rated from the moment the decision is made. This separation allows to measure if a 
resource allocation decision is accepted or not very explicit. However, it is a challenge 
to organise the review moment close in time to the moment the decision is made. Oth-
erwise, the local knowledge that led to the decision can no longer be recalled. The 
explicit review moment allows to monitor the learning effect's visibility over time by 
tracking the review process's acceptance rate.  

In the post-review model, the decision is made solitary by the decision-maker. The 
group has to execute a decision and may argue about the validity of decisions 
afterwards. Since shifting the authority to the local decision-maker is new to the 
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organisation, this can lead to friction within the group, especially in the beginning. The 
acceptance rate can be lower because of the acceptance of the reasoning and the 
acceptance of the local decision-maker's authority. 

 
In the pre-review model, the acceptance of resource allocation arguments is 

integrated at the moment the decision is made. In the pre-review model, resource 
allocation is a group decision, making it challenging to measure acceptance since it is 
most likely that the group will decide that it was a good decision. Still, a learning effect 
may become visible by analysing the process of decision-making, in particular, if the 
decision was made unanimously. Also, the degree of the acceptation and the degree of 
difficulty to judge the decision are metrics. A learning effect can be distracted from 
these variables over time.  

The advantage here is that the review moment is very close to the moment the 
decision is taken since it happens simultaneously. This integrated review moment 
means that no local knowledge will be lost between those two points. However, the pre-
review model's challenge is to organise the decision meeting, i.e., ad-hoc, whenever a 
decision needs to be taken, daily like in a scrum meeting or weekly during a team 
meeting. The longer is the moment of decision-making, the less relevant the local 
knowledge is.  

In the pre-review model, there can be a local decision-maker that proposes, but in 
the end, it is a group decision. Group involvement can improve the acceptance of the 
decisions made. However, it can lead to more discussions towards this decision. 

 
At this moment, we don't have scientific preferences for a model. Which model to 

choose mainly depends on situational aspects and the flexibility to organise decision 
review meetings. E.g., if a team meeting can't be scheduled more frequently than bi-
weekly, then we prefer the post-review model. Although a part of the local knowledge 
may be evaporated at the moment review takes place, local knowledge can still be used 
at the moment of decision-making since this is an independent event. In a daily stand-
up meeting like in scrum, the pre-review model is preferred since the whole team's local 
knowledge can be used in the decision-making process.  

 
In conclusion, we don't have scientific arguments for preferring one model to 

another. Selection will be based on situational aspects. The impact on defining the GQM 
approach's measurements is that we have to bear both models in mind when defining 
the measurement. 

 





 

 
 
Summary 

 
 
This thesis describes research into assigning people to project tasks, specifically 

when these people work on multiple projects. This is also referred to as resource 
allocation in a multi-project environment. Scholars agree that assigning the right people 
to project tasks is one of the biggest challenges in managing multi-project environments. 
The projects have their own (political) interests, dynamics and uncertainties, but all 
compete for the same scarce employees. The majority of scholars approach resource 
allocation as a mathematical algorithmic planning problem. Planning heuristics deal 
well with the multitude of tasks, relationships and deadlines, but not with everyday 
dynamics. People are better able to deal with these dynamics. Many factors that drive 
decisions about assigning people to projects are difficult to quantify and integrate into 
planning algorithms. That is why other scholars advocate using human insight in 
resource allocation. If you look at the theories from these two angles, it turns out that 
man and machine complement each other's strengths and weaknesses. However, there 
is as yet no theory that combines resource allocation from both angles and tests it in the 
practice of multi-project environments. This was the reason for my PhD research with 
the central question: 

 
Can satisficing results be achieved by combining planning heuristics with human 

insight? 
 

The research into this question resulted in a multidisciplinary study in which theories 
from different disciplines were applied. These theories have been used to explain 
observed symptoms from practice and to make a design to answer the main question. 
To arrive at this design and test it in practice through a longitudinal case study, we went 
through the following four phases: 

 
Phase 1: What do we know from practice and literature? 

For five multi-project organisations, we investigated and described in a structured 
way how local knowledge of employees influences resource allocation decision-making 
and how planning heuristics are used. In practice, we found that investing in advanced 
planning heuristics didn't help us much. Employees with knowledge of what is going 
on in the workplace regularly came up with better solutions than the advanced 
algorithms. The use of a prioritised list of tasks and the freedom to deviate from it, if 
necessary, proved to be an effective approach. This proved to be especially successful 
in NPD (new product development) and ETO (engineering to order) environments. The 
approach was less successful in environments where project-based work is not central. 
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In the multi-project management (MPM) literature, we searched for theories and 
methods about the role of humans and the use of algorithms in the resource allocation 
process. We classified the current MPM methods according to human insight or based 
on planning heuristics. Merits have been found for both aspects separately that support 
our research question. However, the literature review also reveals a gap in the approach 
to resource allocation in multi-project environments: the combination of the use of 
human insight from local decision-makers with planning heuristics. No literature was 
found based on this combination. It can be concluded from the literature found that the 
weaknesses and strengths of humans and the planning heuristics can complement each 
other, which supports our research question. 

 
Phase 2: What is a good resource allocation decision? 

Before creating a design proposition to achieve “satisficing” resource allocation 
decisions, we first explored how to recognise success in this area. A systematic literature 
review yielded 521 potential success criteria. A structured card sort procedure resulted 
in a framework with 13 success criteria. The success criteria framework is in line with 
existing frameworks with regard to MPM and portfolio management and provides 
additional detail with regard to resource allocation. Based on this framework, the 
effectiveness of the resource allocation can be assessed, which was not possible with 
the existing success criteria frameworks. 
 
Phase 3: What can we design and validate to address the resource allocation problem? 

This part of the research forms the heart of this thesis. We designed our own 
approach since we did not find an existing approach in the literature that combines 
planning heuristics with human insight in a multi-project environment. We applied a 
Design Science Research (DSR) strategy to achieve this. DSR includes both design and 
validation. 

We used the CIMO logic for the design. The CIMO logic describes what intervention 
(I) should be applied in a particular context (C) to achieve a specific outcome (O) by 
using a particular mechanism (M) based on theoretical concepts. 

The design proposition consists of the following interventions (I): We apply planning 
heuristics, which generate prioritised task lists. These lists are used by knowledgeable 
local decision-makers in the workplace as a reference to make a resource allocation 
decision. We empower local decision-makers to deviate from priorities if they have 
good reason to do so. The expected result (O) is improved resource allocation decisions. 
To apply the interventions, we have defined a set of operational guidelines. 

The mechanisms (M) triggered by the interventions are based on a great diversity of 
theoretical concepts from different disciplines; operational research, organisational 
science, cognitive psychology, learning theory and decision-making theory. Combined, 
the applied theories have provided sufficient arguments to reasonably expect the 
interventions to yield the intended result. In DSR terms: this is a “grounded” design 
proposition. 

We also defined a set of context guidelines (C) based on theory. These context 
guidelines indicate in which environment the design can be applied. We have applied 
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the principles of “purposeful” sampling by using these context guidelines when looking 
for a suitable environment to validate the design in practice. 

After thorough preparation, the design was successfully validated in a four-year 
longitudinal case study at an NPD company. The design was applied to two different 
departments: a department in which the environment largely met the context guidelines 
and a department in which the environment met the context guidelines to a lesser extent. 
This resulted in a positive and a negative result, both explained by the CIMO logic. The 
case study is described and analysed for reliability and validity. 

 
Phase 4: What have we learned? 

From theory and practice, we have learned that a combination of human decision-
making and operational guidelines can lead to satisficing resource allocation decisions. 
We discovered that the complex research question could not be solved from one domain 
but required a multidisciplinary approach. Theories from different disciplines have been 
merged into a design proposition in a careful and structured manner. There seems to be 
coherence between the applied theories, and they seem to reinforce each other. 

The design proposition consists of a set of operational guidelines and a set of context 
guidelines. We have discovered that the environment in which the design is applicable 
can be defined by a set of context guidelines. When applied in the right context, we 
have made it plausible on the basis of theory and practice that the application of the 
operational guidelines leads to satisficing resource allocation decisions. 
  

 
 





 

 
 
Samenvatting 

 
 
Deze thesis beschrijft het onderzoek naar het toewijzen van mensen aan projecttaken, 

specifiek wanneer deze mensen aan meerdere projecten werken. Dit wordt ook wel 
resource allocatie in een multi-project omgeving genoemd. Wetenschappers zijn het 
erover eens dat het toewijzen van de juiste mensen aan projecttaken een van de grootste 
uitdagingen is in het managen van multi-project omgevingen. De projecten hebben hun 
eigen (politieke) belangen, dynamiek en onzekerheden, maar strijden alle om dezelfde 
schaarse medewerkers. De meerderheid van de wetenschappers benadert resource 
allocatie als een mathematisch algoritmisch planningsprobleem. Planningsheuristieken 
kunnen goed omgaan met de veelheid van taken, relaties en deadlines, echter niet met 
de dynamiek van alle dag. Mensen zijn beter in staat om met deze dynamiek om te gaan. 
Veel factoren die de beslissingen over het toewijzen van mensen aan projecten bepalen, 
zijn moeilijk te kwantificeren en te integreren in planningsalgoritmen. Vandaar ook dat 
andere wetenschappers pleiten voor het gebruik van menselijke inzicht bij resource 
allocatie. Als je de theorieën vanuit deze twee invalshoeken eropna slaat, dan blijkt dat 
mens en machine elkaars zwakke en sterke punten aanvullen. Er is echter nog geen 
theorie die resource allocatie vanuit beide invalshoeken combineert en toetst in de 
praktijk van multi-project omgevingen. Dit was dan ook de aanleiding voor het 
promotieonderzoek met als hoofdvraag:  

 
Kunnen bevredigende resultaten worden bereikt door planningsheuristieken te 

combineren met menselijk inzicht? 
 

Het onderzoek naar deze vraag resulteerde in een multidisciplinair onderzoek waarin 
theorieën van verschillende disciplines zijn toegepast. Deze theorieën zijn gebruikt om 
waargenomen symptomen vanuit de praktijk te verklaren en om een ontwerp te maken 
om de hoofdvraag te beantwoorden. Om tot dit ontwerp te komen en het te toetsen in 
de praktijk middels een longitudinale casestudie hebben we de volgende vier fases 
doorlopen: 

 
Fase 1: Wat weten we vanuit de praktijk en de literatuur?  

Voor vijf multi-project organisaties hebben we op een gestructureerde wijze 
onderzocht en beschreven hoe lokale kennis van medewerkers de resource allocatie 
besluitvorming beïnvloedt en hoe planningsheuristieken daarbij worden gebruikt. In de 
praktijk kwamen we er achter dat investeren in geavanceerde planningsheuristieken ons 
niet veel verder hielp. Medewerkers met kennis van zaken van wat er op de werkvloer 
speelt, kwamen regelmatig met betere oplossingen dan de geavanceerde algoritmes. Het 
gebruik van een geprioriteerde lijst met taken en de vrijheid om indien nodig hier 
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beargumenteerd van af te wijken, bleek een doeltreffende aanpak te zijn. Dit bleek 
vooral succesvol te zijn in NPD (new product development) en ETO (engineering to 
order) omgevingen. In omgevingen waar projectmatig werken niet centraal staat, was 
de aanpak minder succesvol. 

In de multi-project management (MPM) literatuur hebben we gezocht naar theorieën 
en methoden over de rol van de mens en het gebruik van algoritmes in het resource 
allocatieproces. We hebben de gangbare MPM-methoden geclassificeerd naar 
menselijk inzicht dan wel gebaseerd op planningsheuristieken. Er zijn verdiensten 
gevonden voor beide aspecten afzonderlijk die onze onderzoeksvraag ondersteunen. 
Echter, het literatuuronderzoek laat ook een gat zien in de aanpak van resource allocatie 
in multi-project omgevingen: de combinatie van het gebruik van menselijk inzicht van 
lokale besluitvormers met planningsheuristieken. Er is geen literatuur gevonden die 
uitgaat van deze combinatie. Wel is uit de gevonden literatuur op te maken dat de 
zwakke en sterke punten van de mens en de planningsheuristieken elkaar aan kunnen 
vullen, hetgeen onze onderzoeksvraag ondersteunt. 

 
Fase 2: Wat is een goede resource allocatie beslissing? 

Voordat we een ontwerp hebben gemaakt om tot bevredigende (“satisficing”) 
resource allocatie beslissingen te komen, hebben we eerst onderzocht hoe succes op dit 
gebied kan worden herkend. Een systematische literatuur review leverde 521 potentiële 
succes criteria. Een gestructureerde card-sort procedure resulteerde in een raamwerk 
met 13 succes criteria. Het succes criteria raamwerk sluit aan op bestaande raamwerken 
ten aanzien van MPM en portfolio management en geeft een extra detaillering ten 
aanzien van resource allocatie. Op basis van dit raamwerk kan de effectiviteit van de 
resource allocatie beoordeeld worden, hetgeen niet mogelijk was met de bestaande 
succes criteria raamwerken. 
 
Fase 3: Wat kunnen we ontwerpen en valideren om het resource allocatie probleem aan 
te pakken? 

Dit deel van het onderzoek vormt het hart van deze thesis. Aangezien we in de 
literatuur geen bestaande aanpak hebben gevonden die planningsheuristieken 
combineert met menselijk inzicht in een multi-project omgeving, hebben we zelf een 
aanpak ontworpen. Hiertoe hebben we een Design Science Research (DSR) strategie 
toegepast. DSR omvat zowel het ontwerp als de validatie.  

Voor het ontwerp hebben we gebruik gemaakt van de CIMO-logica. De CIMO-
logica beschrijft welke interventie (I) in een bepaalde context (C) moet worden 
toegepast om een bepaalde uitkomst (O) te bereiken door gebruik te maken van een 
bepaald mechanisme (M) op basis van theoretische concepten.  

Het ontwerpvoorstel bestaat uit de volgende interventies (I): We passen 
planningsheuristieken toe, die geprioriteerde takenlijsten genereren. Deze lijsten 
worden door lokale besluitvormers met kennis van zaken op de werkvloer als referentie 
gebruikt om een resource allocatie beslissing te nemen. We machtigen de lokale 
besluitvormers om af te wijken van de prioriteiten als ze daar goede redenen voor 
hebben. Het verwachte resultaat (O), is verbeterde resource allocatie beslissingen. Om 
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de interventies toe te passen hebben we een set van operationele richtlijnen 
gedefinieerd.  

De mechanismes (M) die getriggerd worden door de interventies zijn gebaseerd op 
een grote diversiteit van theoretische concepten vanuit verschillende disciplines; 
operational research, organisatiekunde, cognitieve psychologie, leertheorie en 
besluitvormingstheorie. Gecombineerd hebben de toegepaste theorieën voldoende 
argumenten gegeven om redelijkerwijs te verwachten dat de interventies het beoogde 
resultaat opleveren. In DSR termen: er is sprake van een “grounded” ontwerpvoorstel.  

Tevens hebben we op basis van theorie een set van context richtlijnen (C) 
gedefinieerd. Deze context richtlijnen geven aan in welke omgeving het ontwerp 
toepasbaar is. We hebben de principes van “purposeful” sampling toegepast door deze 
context richtlijnen te gebruiken bij het zoeken van een geschikte omgeving om het 
ontwerp in de praktijk te valideren.  

Na een gedegen voorbereiding is het ontwerp met succes gevalideerd in een vier 
jarige longitudinale casestudie bij een NPD-bedrijf. Op twee verschillende afdelingen 
is het ontwerp toegepast: een afdeling waarbij de omgeving in grote mate voldeed aan 
de context richtlijnen en een afdeling waarbij de omgeving in mindere mate voldeed 
aan de context richtlijnen. Dit resulteerde in een positief en een negatief resultaat, beide 
te verklaren aan de hand van de CIMO-logica. De casestudie is uitvoering beschreven 
en geanalyseerd op betrouwbaarheid en validiteit.  

 
Fase 4: Wat hebben we geleerd? 

Vanuit de theorie en praktijk hebben we geleerd dat een combinatie van menselijke 
besluitvorming en operationele richtlijnen kan leiden tot bevredigende resource 
allocatie beslissingen. We hebben ontdekt dat de complexe onderzoeksvraag niet vanuit 
één domein op te lossen was, maar een multidisciplinaire aanpak vergde. Theorieën uit 
verschillende disciplines zijn op een zorgvuldige en gestructureerde wijze 
samengevoegd in een ontwerpvoorstel. Er lijkt samenhang tussen de toegepaste 
theorieën te zijn en ze lijken elkaar te versterken.  

Het ontwerpvoorstel bestaat uit een set van operationele richtlijnen en een set context 
richtlijnen. We hebben ontdekt dat de omgeving waarin het ontwerp toepasbaar is, te 
definiëren is door een set van context richtlijnen. Mits in de juiste context, hebben we 
op basis van theorie en praktijk aannemelijk gemaakt dat de toepassing van de 
operationele richtlijnen leidt tot bevredigende resource allocatie beslissingen.  
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