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Abstract. Scrum teams extensively use tools to support their processes, but
little attention has been given to criteria a Scrum team applies in its selection of
such a tool. A greenfield approach was used to explore these criteria. To this
extent twelve Scrum teams were asked to list criteria and assigned weights in
their decision processes. After having chosen and used a tool for a number of
Sprints, the teams also evaluated the selected tools. Using the Technology
Acceptance Model to structure findings, two major categories were identified:
Perceived usefulness, alias criteria directly related to Scrum, and perceived ease
of use. Most teams listed more or less the same criteria. Within the categories
several specific subcategories were distinguished, for instance burn-down chart
support or multi-platform aspects. Teams evaluated more issues, positive or
negative, within the Scrum-related criteria. The findings indicate that Scrum
teams prefer perceived usefulness over perceived ease of use. In other words:
Specific support of Scrum, especially its artefacts, are of greater value to a team
than general tool considerations.

Keywords: Agile � Scrum � Supporting tool � Technology Acceptance Model
(TAM) � Weighted criteria

1 Introduction

Agile software development (ASD) prefers “Individuals and interactions over pro-
cesses and tools” with an annotation: “… there is value in the items on the right…” [1].
Tools have proven to be valuable, as, for instance, global Scrum projects depend on a
wide range of tool support [2]. This includes communication and collaborative tools for
issue or bug tracking, backlog management, and burn-down chart visualization. Also in
a collocated project a tool proved to effectively manage a Scrum project [3]. In general,
communication and collaboration tools, whether used face-to-face or global, are crucial
in modern agile teams [4].

Agile tools come in abundance [5]; a choice has to be made by an agile team.
However, knowledge of criteria applied by a team in this choice is anecdotal and
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fragmented, whereas such knowledge gives insight in where agile teams need support.
This in turn deepens our theoretical understanding of agile processes through the
explicit articulation of important ASD elements by its practitioners, while at the same
time practically supporting them in choosing appropriate support. Because of our
approach, a greenfield one, our results would especially be useful for novel teams
involved in an agile transformation.

The remainder of this paper is organised as follows. In Sect. 2 we discuss related
work; in Sect. 3 we present our research method. Results are shown in Sect. 4, fol-
lowed by a discussion and conclusions in Sect. 5, which is the final section.

2 Related Work

Research on criteria agile teams use for tool support has not been extensive so far.
Fragmented research has been presented, which can be captured under two headings:
(1) Individual experiences [6–8] and (2) Research explicitly addressing the need for a
more general approach [9, 10]. However, all tend to assess tools on the basis of existing
criteria rather than to tackle the problem of first defining criteria for the selection of
tools thereafter. We now first discuss both categories and introduce a more general
theoretical viewpoint afterwards.

2.1 Experience Reports

Experience reports describe a selection process or, somewhat more general, a transition
process towards ASD. Uy and Rosendahl [6] discuss a case where a technology team,
responsible for a corporate website as well as a number of other products and infor-
mation systems, entered a migration trajectory from SharePoint to a tool better suited
for Scrum. Three critical factors were used to distinguish between two short-listed
alternatives (Rally, VersionOne): Usability, functionality, and configurability. Addi-
tional technical considerations concerned were in the areas of enterprise infrastructure,
architecture and quality assurance.

Møller et al. [7] designed a Scrum tool dedicated to assist in a daily Scrum meeting
with four overall requirements: Intuitive user interface, high accessibility, commitment
to Scrum, and project history. The requirements were found on the basis of experiences
of three Scrum teams.

Engum et al. [8] report on a small North European agile company, which transi-
tioned to a tool for managing Product and Sprint Backlog and distilled lessons from its
experiences. Impediments the tool should address included task description and
tracking, specifically in order to help organize, specify and prioritize the product
backlog and track development, and time usage.

Whether phrased as guidance [8], tips [3] or lessons learned [6] all experience
reports acknowledge the fact the criteria used are situational, that is, driven by the
specific circumstances of the organization, the project, or the team. This is no surprise,
since it is already known that a software development process itself is already regarded
as being dependent on the situational characteristics of individual software
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development settings [11]. If the choice of a process itself is already situational, the
choice of a tool to support the process is situational too.

2.2 Criteria Models

To move beyond the experiences from a single case, more recent research explicitly
addresses the need for this general approach, especially modelling criteria for tool
evaluation. Azizyan et al. [9] investigated (dis)satisfactory aspects of agile tools
through a survey of agile tool usage and needs. The criteria used to evaluate agile tools
were: Ease of use, integration with other systems, customizability, availability of
reports, and price.

Taheri and Sadjad [10] used a comparison chart with criteria in a selection process
for a tool: Lifecycle coverage, Simplicity & ease of use, Collaboration, analytics,
visibility & reporting, workspace & process, program management, deployment, and
integrity & security. The criteria originated, beside from previous research, for a large
part from surveys, sponsored by vendors of agile tools. This introduces a bias, since
vendors are of course unlikely to use unfavourable criteria.

2.3 Theoretical Viewpoint

Both criteria models, and also the individual experiences, draw heavily upon existing
surveys, where their resources are subject to bias. To have a more independent
viewpoint the Technology Assessment Model, TAM [12, 13] can be used. Its central
proposition is that user acceptance of technology depends on perceived usefulness and
perceived ease of use. Perceived usefulness is “the degree to which a person believes
that using a particular system would enhance his or her job performance”; perceived
ease of use “the degree to which a person believes that using a particular system would
be free of effort” [12, p. 320]. TAM theorizes that the effects of external variables (e.g.,
system characteristics, development process, and training) on intention to use are
mediated by perceived usefulness and perceived ease of use [14]. Both categories are
also included in the Unified Theory of Acceptance and Use of Technology (UTAUT)
as performance and effort expectancy, as are 2 others: social influence and facilitating
condition [15]. TAM thus provides a useful first distinction in modelling criteria for
agile tool support. This is confirmed, although not explicitly by the use of TAM, in an
evaluation of four agile project management tools, where both usability evaluation
criteria and a task-oriented usability inspection were used [16]; these categories reflect
very well the TAM categories. This supports the use of dichotomy in TAM in mod-
elling criteria that agile teams use for tool support.

3 Research Method

In our research we have chosen for a greenfield approach, in analogy with the
greenfield project: “In software engineering jargon, a greenfield is a project which
lacks any constraints imposed by prior work” [17, p. 21]. Although this approach may
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be considered as situational as any other, it provides a relatively unbiased way to
explore features a Scrum team thinks of as being important in its support. It at least
assures that prior organizational or commercial influences are excluded. To implement
this approach we used student groups, where we phrased our research question as
follows:

Which criteria do Scrum teams adopt when choosing computer-based support for their Scrum
process?

We characterize our research as a variant of case study research with the teams
being the cases, but explicitly instructed through their assignments.

In the next two paragraphs we will describe, first, the educational context of the
student groups and, second, the assignments the groups were provided with.

3.1 Context

The teams in this study are teams of second year students in a four year Information
Technology study programme leading to a Bachelor degree. Students have experience
with software development methods, some basic experience with waterfall-like
development, followed by other methods, such as RUP (Rational Unified Process). In
ten weeks students were to develop an application, applying Scrum as ASD method.

In the first three weeks of the course students acquainted themselves with Scrum.
After a lecture on agile methods in general students were referred to the Scrum guide
[18] for self-study and conducted a test consisting of twenty multiple choice questions
afterwards. Furthermore, they were provided with training on all major Scrum ele-
ments, which are roles, artefacts and events.

From week four onwards the students made three Sprints of four days each,
working fulltime on their application. During a Sprint teams held all Scrum meetings:
Sprint Planning Meeting (Monday morning), Daily Scrum (Tuesday till Thursday
morning), Sprint Review, followed by an informal Sprint Retrospective (Thursday
afternoon). Teams were stimulated to collectively work at the same place, for instance a
computer or a conference room. A few teams had their members working (more)
individually, sometimes from home. From week seven onwards students continued to
work on the application individually using team results as a basis. This had didactical
reasons and although still working in a Scrum-like way, this part of the course is left
out of consideration here, if only because communication between team members did
not take place anymore.

3.2 Assignments

Students were divided into twelve Scrum teams, with each team between four and six
members. Before starting their first Sprint, teams were asked to select a tool to support
them in their Scrum process as a first assignment. In more detail teams were asked to
specify at least five weighted criteria they thought relevant for their Scrum tool, three
different alternatives (Scrum tools), and a score on each criterion for each alternative. In
addition, teams were asked to motivate all of the alternatives, criteria and scores.

814 G. Wagenaar et al.



As a second assignment, teams were asked for an evaluation after their last Sprint.
They were specifically asked to answer two questions: On which characteristics did the
tool (not) meet your expectations? In other words, where did the tool (not) effectively
and efficiently support the Scrum process?

3.3 Data Collection and Analysis

For data collection, we first collected reports with regard to the first assignment from all
twelve groups at once. We analysed the reports according to Grounded Theory (GT).
GT is a systematic research method known for the generation of theory derived from
systematic and rigorous analysis of data [19, 20]. This does not mean that there is not a
specific problem, but rather problems and their key concerns emerge during data
analysis [20].

To analyse the data, we used three abstraction levels: category, concept, code [21].
For the highest level, category, we adopted TAM: Perceived usefulness and perceived
ease of use. Applying open and axial coding [22] we found at the next level concepts
like support of a product or sprint backlog (perceived usefulness) or multi-platform
support (perceived ease of use). Through coding different wordings were mapped onto
the same (sub-)criteria. For instance, the criterion “Ease of use” was phrased as: “The
users must be able to use it easily”, “The cognitive load should be low”, and “Often
used functions should be clearly visible”. Coding was a fairly straightforward exercise,
because the assignment by its nature already led to structured reporting.

Our analysis proceeded from one report to another; we coded a report for criteria
and weights, adding to our abstraction levels where necessary. After each change we
scrutinized previous reports with respect to the most recent supplements. This was for
instance necessary when we met a criterion previously considered as sub-criterion, or
vice versa. This overlap between criterion and sub-criterion happened more often and
has been resolved by using our judgement in the analysis, supported by the classifi-
cation already applied by the teams themselves and the number of teams that used the
one or the other.

We also collected reports for the second assignment. We analysed them for positive
and negative remarks, but only superficially coded them, because most teams did not
explicitly refer to their (sub-)criteria, thus allowing coding at the category and concept
level only.

4 Results

The results from our research are described next. We first describe the criteria which
were used by the teams to evaluate the tools and show the weights teams attached to
them. We then provide a summary of the tools considered by the teams and present a
brief overview of the teams’ evaluation after having used their tool.
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4.1 Criteria

All twelve Scrum teams reported criteria, alternatives, scores as well as considerations
leading to them. They reported their sources as (Internet) research, acquaintance with a
tool (for instance through experience from a part time job), advice from experts,
including teaching staff, or a combination. Since the teams worked independently, we
applied coding to highlight similarities and discrepancies, especially between (sub-)
criteria, which includes homonyms and synonyms.

Six teams used a flat list, that is, all criteria were on the same level of abstraction.
The others had a hierarchical approach, in which a classification of criteria with
sub-criteria was used, yielding a two level hierarchy. After analysis a hierarchical list of
criteria and sub-criteria arose, structured at the top level according to TAM (Table 1);

Table 1. Overview of categories, criteria and sub-criteria

Category 
Criterion 

Sub-criterion 

#1 Category 
Criterion 

Sub-criterion 

# 

Perceived usefulness 1 Perceived ease of use 
Contains visualization task board 5 Ease of use 9 

split in to do, doing, testing & done 7 can be personalized 3
Supports backlog(s) - have an easily accessible lay out 3 

contain product backlog (items) 5 have short loading & response time  2 
contain sprint backlog (items) 5 have user guide / tutorial 1 
assign priorities to items 2 Multiple platform support 7 
split items in tasks 3 have a website 1
link items/tasks to team members 4 be app/application/board 4
allow comments on item/task 5 be physical 1
allow documents per item/task 2 can be reached from other locations 1 
register time per task 1 Communication support (e-mail, chat) 2 
sort backlog items on priority 2 Security mechanism support - 
show status backlog item  1 require log in 2
show activities per member 1 administer member rights 3
show deadlines for tasks 3 Integration with other tools - 
show effort (per member) 1 Visual Studio 1
show statistics 4 GIT 2
couple sprint backlog to releases 1 Acceptable price (or trial available) 10 

Supports burn-down chart 8
show team 1
show individual 1

Has additional features 1
Has Scrum compatibility 2

allow (user) stories 1
have predictions 1
support planning poker 1

1 # is the number of occurrences of the (sub-)criterion. 
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this list is the superset of all individual lists. All (sub-)criteria could be classified as a
TAM category, perhaps with the exception of price, which we included under per-
ceived ease of use, but might have had its own category.

The frequency for criteria, not being sub-criteria, represents the number of times the
criterion itself is mentioned directly, i.e. it does not in any way accumulate frequencies
of sub-criteria.

All criteria and sub-criteria were rated with relative importance by the teams, see
Table 2.

In Table 2 the number of teams refers to teams that have listed the criterion or one
of its sub-criteria. The weight is calculated as the sum of the relative weights for teams
who listed the criterion and/or one of its sub-criteria divided by the total number of
teams (twelve). To this extent the scale of weights for each individual team has been
normalized to a scale of 0–100. Furthermore, we have restricted ourselves to the level
of criteria in Table 2. Incorporating sub-criteria in the table would have little value,
because the vast majority of sub-criteria is mentioned three times or less, which would
in general result in lots of weights smaller than one.

4.2 Choice of Tools and Evaluation

Teams were free in their choice of alternatives. A total of eighteen different Scrum tools
was considered. All tools were fairly dedicated Scrum tools with the exception of
Trello (a tool to organize anything), and Proofhub and Dapulse (project management
tools). Five of them were finally chosen by the teams. Visual Studio Online (Team
Foundation Server) was the most chosen one, five times, followed by Trello, four
times. The other three teams used Scrumwise, ScrumDo and QuickScrum.

Table 2. Overview of weights of criteria

Category Criterion Teams Weight2 r3

Perceived usefulness Contains visual task board 8 12,5 14
Supports backlog(s) 10 27,8 19
Supports burn-down chart 9 8,3 6
Has additional features 1 1,3 4
Has Scrum compatibility 3 3,4 6

Perceived ease of use Ease of use 10 17,2 16
Multiple platform support 11 11,8 9
Communication support (e-mail, chat) 2 2,1 5
Security mechanism support 3 2,3 5
Integration with other tools 3 3,3 7
Acceptable price (or trial available) 10 10,0 7

2All numbers are rounded to 1 decimal.
3r: Standard deviation, rounded to an integer.
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In the evaluation almost all teams reported to be satisfied with their choice of a tool.
Their satisfaction was backed up by both positive and negative remarks of (the use of)
their tools. We counted the number of remarks, related them to our two (TAM-)
categories and subdivided them into positive or negative feedback (Table 3).

We have related remarks to the category only, because the evaluation data most
often was not related to only one of the (sub-)criteria. Some examples of remarks are:

• “The basic features of the tool, such as the task board, the description of Sprint
Backlog items and the planning of Sprints, were easy to use”.

• “We would have liked planning poker points instead of hours to measure velocity”.

One team switched from tool after Sprint one. It had chosen for Trello, but started
using Visual Studio Online for Sprint two and three.

5 Discussion and Conclusions

In this section we first compare our results with previous research. We then discuss the
(sub-)criteria in detail and analyse the teams’ preferences. Finally, we discuss limita-
tions of our study.

5.1 Comparison with Previous Models

The teams collectively came up with 45 criteria, including sub-criteria, far beyond and
more detailed than any of the previous models [9, 10]. However, our sheer amount still
does not warrant a claim to completeness. And we do notice a match between criteria
from previous research and our current research, at least at the level of criteria. Fur-
thermore, there was consensus among the teams. Six criteria were mentioned by at least
75% of the teams (visual task board, backlog(s), burn-down chart, ease of use, multiple
platform, acceptable price), with the remaining ones all below 25% (see Table 1).

We conclude that our Scrum teams, most likely unaware, followed theory
(TAM) and practice (experience reports and models) in the constitution of their list of
relevant (sub-)criteria, but added lots of detail concerning practical considerations, such
as wishes to prioritize and sort backlog items or to integrate with GIT. This level of

Table 3. Feedback of chosen tools

Team Total
1 2 3 4 5 6 7 8 9 10 11 12

Perceived usefulness Positive feedback 7 2 4 1 1 1 4 3 2 3 1 5 34
Negative feedback 3 3 2 3 – – 1 1 2 1 1 – 17

Perceived ease of use Positive feedback 2 1 – 4 5 5 3 – 1 1 2 – 24
Negative feedback 2 – – 1 – – – 1 – 1 1 2 8
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detail was not established in previous research and in this way our results are especially
attractive for teams in agile transformation, when adopting agile tools.

5.2 Classification of Criteria

We found criteria could easily be classified according to the TAM, with no overlap
between Perceived usefulness and Perceived ease of use. Notwithstanding the high
standard deviations in the attribution of weights (Table 2), a separation between ‘(sub-)
criterion mentioned often/high weight’ and ‘(sub-)criterion mentioned seldom/low
weight’ is clear and cuts through the categories: Teams value support of Scrum arte-
facts most, as is shown by the number of criteria devoted to the Product and Sprint
Backlog (and the burn-down chart), and acknowledged by the weights they attached to
those criteria. This observation is also confirmed by the evaluation where teams
devoted more remarks, positive or negative, to Perceived usefulness than Perceived
ease of use, approximately in a ratio 5:3 (Table 3). This suggests Scrum teams value
perceived usefulness over perceived ease of use.

However, this is not confirmed in the scores they assign to their alternatives/criteria,
and hence the choice of their tool. Trello is the second best chosen tool, and Trello may
certainly be suited for the task, but it is a general tool and certainly not a Scrum specific
one. However, the one team that switched from Trello to Visual Studio Online (VSO),
when comparing the two, commented: “VSO seems, as far as burndown chart and
overall look & feel are concerned, far more professional than Trello”. “Professional”
here also implies the existence of more and better Scrum features in VSO. Probably
Trello’s ease of use and flexibility lured some teams away from more specific Scrum
tools.

We conclude that Scrum teams prefer perceived usefulness over perceived ease of
use. Especially support of Scrum’s artefacts is of greater value to a team than general
tool considerations.

5.3 Limitations

We excluded commercial and organizational influences by involving student Scrum
teams with basic and theoretical knowledge of Scrum. A drawback of this greenfield
approach is that our findings apply to novice Scrum practitioners. Generalizability of
results is therefore limited.

The teams tended to prefer freely available Scrum tools, or a trial version thereof.
Although this may have restricted their choice of a tool, it did not influence the
constitution of the list with criteria, which was our main research goal.
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