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Teacher Design Knowledge for Technology Enhanced Learning:  
An ecological framework for investigating assets and needs 
 
Abstract. Despite the fact that teaching is increasingly referred to as a design science, teacher education programs 
devote relatively little time to developing expertise in the design of instruction, beyond lesson planning. Yet today’s 
teachers not only plan lessons that incorporate existing classroom activities and instructional resources, they also 
design new learning activities and create their own (technology enhanced) learning materials. Different approaches 
have been tried to support pre- and in-service teacher design learning. Past efforts to develop teacher skills in design 
had limited success, probably due to poor alignment of traditional instructional design models with teachers’ 
knowledge, needs and natural ways of engaging with design tasks. More recently, researchers have begun to 
investigate and develop ways to build on teacher expertise to support them in their design efforts. Yet to date, little 
has been done to capitalize on what is already understood about teachers as designers nor to draw on the wealth of 
literature on designers and designing outside the field of education. With the ultimate aim of supporting the work of 
teachers as designers of technology enhanced learning, this contribution synthesizes research on design from 
classical design fields, instructional design, and teachers’ designing. These perspectives are brought together in an 
ecological framework that can be used by researchers to study teacher design knowledge and work across projects. 
This synthesis could also provide an articulated framework for developers and facilitators of teacher professional 
development programs for identifying key areas for support to teacher-designers in specific settings.  
 
 
1. Introduction 
This special issue and especially its introduction (Kali, McKenney & Sagy, this issue) attest to the critical 
importance of teachers as designers. Recently, experts have advocated the provocative notion that teaching can (and 
possibly should) be viewed as a design science (Laurillard, 2012). However, teacher education programs in most 
countries devote relatively little time to developing instructional design expertise beyond lesson planning. As a 
result, most teachers develop these skills intuitively through experience. This professional growth is largely 
influenced by the colleagues and contexts in which teachers work (Shamir-Inbal, Kali, & Dayan, 2009), and 
frameworks for developing support of this work are severely lacking.  
 
The time has come for devoting explicit attention to developing robust, empirically- and theoretically-informed 
support for teachers as designers. Not only is there a need in the field, but increasingly, a knowledge base is being 
developed that can inform such support. This includes, for example, research on: concerns voiced by teachers as 
they design (Boschman, McKenney & Voogt, 2014); the powerful role of context and intuition (Kali, Goodyear, & 
Markauskaite, 2011); and epistemic capacities that pre- and inservice teachers draw upon during design (Damşa et 
al., 2010). There are also increasing research and development efforts to study how teachers learn through the 
process of designing (see also Voogt et al., this issue). While common dimensions appear to be present among many 
studies, differing vocabularies and theoretical orientations hinder broader understanding and development of this 
promising avenue. This contribution speaks to the call for developing a language to frame and discuss teacher design 
work (Laurillard, 2012). Indeed, conceptual infrastructure is necessary to understand how teachers think (Horn, 
2010) and how designers reason (Nelson & Stolterman, 2012). To do so, this paper brings together existing research 
on design across disciplines, including engineering, architecture and professional instructional design, with literature 
on teachers as designers and how to support such teachers. 
 
Different approaches have been employed to support the ongoing design learning of teachers. Past efforts, frequently 
stemming from the field of instructional design, aimed to steer teacher design toward more systematic approaches, 
often with promising results (Hoogveld, Paas, Jochems & van Merrienboer, 2001; Hoogveld, Paas & Jochems, 
2005). However, specific instructional design strategies rarely became engrained in common practice, probably 
because these efforts were insufficiently aligned with the ways teachers intuitively approach design challenges (cf. 
Kerr, 1981; Kali, Goodyear, Markauskaite, 2011). More recently, researchers have begun to develop ways to build 
teacher design expertise (e.g. Koehler, Mishra & Yahya, 2007). Outside the field of instructional design, interest in 
knowledge about design is also evident (Nelson & Stolterman, 2012). Interest in design processes that promote 
creative thinking alongside analytical thinking are gaining momentum in the field of education (e.g. Razzouk, & 
Shute, 2012; Design Thinking for Educators, 2013). The current contribution stems from the need to synthesize 
research that examines teacher design for actual use (that is, preparatory to classroom enactment) together with 
established knowledge and habits of mind consistent with contemporary design approaches. The aim of this paper is 
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to provide an ecological framework that would support researchers in the study of teachers' design, as well as to 
guide development and facilitation of professional programs for teachers as designers.  
 
After discussing the contexts in which teachers design, the body of this paper identifies and synthesizes existing 
insights concerning the knowledge needed to productively engage in design. We use the term knowledge broadly to 
refer to teachers’ tacit and explicit aspects of knowing that underpin their capacity to engage skillfully in design 
work across situations and contexts, including capacity to learn to design in new unfamiliar situations. This includes 
kinds of knowledge that are often referred to as “know what,” “know how,” “know why,” and “know 
when/where/who” (Lundwall & Johnson, 1994). These underlie the mental resources that educated people draw 
upon to ‘know with’ when they perceive, think, judge and interpret an encountered situation (Broudy, 1977). 
Together, these kinds of knowledge underpin what Branford and Schwartz (1999, p. 70) called, “knowledge that 
transfers” - “our cumulative set of knowledge and experiences that we use as resources to perceive, interpret and 
judge situations based on our past experiences.” The discussion culminates in an ecological framework for teacher 
design of technology enhanced learning, and concludes with reflections on the framework and how it might be used. 
 
2. Context: Characterizing teacher design 
Teacher engagement in design is highly varied. It is initiated for different reasons, takes place in myriad contexts, 
and yields diverse kinds of artifacts (e.g., as described by Goodyear & Markauskaite, 2009). Here, we use the term 
‘design’ broadly to reflect various concurrent considerations present in any teacher’s design situation:  

- First, design means establishing a ‘platform of ideas’ (Walker, 1971) indicates what is, a vision of what 
ought to be, and the core principles or frameworks that will guide development to bridge the two. Research 
has shown that school vision on technology use (e.g. ‘traditional’ or ‘innovative’ vision) plays a 
determining role in this aspect of teacher design (de Koster, Kuiper & Volman, 2012). 

- Second, similar to Goodlad’s (1994) technical-professional perspective on curriculum development, this 
definition also includes the detailed process of imagining and constructing specific artifacts (e.g. learning 
tasks, software, teacher guides). Three common roles teachers assume during the detailed design of 
technology-rich learning activities and materials include (Cviko, McKenney & Voogt, 2014): enactors 
(teachers implement ready-to-use activities, making only subtle adjustments, mostly on the fly); re-
designers (teachers adapt ready-to-use activities and materials for their current curriculum); or co-designers 
(teachers collaboratively design completely new learning activities and materials for their classes).  

- Third, we also understand design to entail consideration of how specific creations will align with the 
prevailing system in which they are to be implemented (McKenney, Nieveen & van den Akker, 2006), 
including congruence with stakeholder perceptions about the design (Kessels, 1999). Teachers intuitively 
address classroom practical concerns while designing technology-rich learning activities and materials, but 
are also influenced by their own existing knowledge and beliefs, as well as external priorities such as 
examination systems (Boschman, McKenney & Voogt, 2014). 

 
Across all three aspects, a blend of creative and systematic mindsets is useful (McKenney & Reeves, 2012). 
Especially for meeting design objectives in light of real-world constraints, teacher imagination is a prized asset 
during design. At the same time, rational, systematic work is needed for achieving design coherence while carefully 
satisficing between ideal and feasible options. When it comes to the focus of this special issue - designing 
technology enhanced learning - the process teacher-designers go through is greatly influenced by their technological 
pedagogical content knowledge, beliefs, skills and attitudes (e.g. TPACK, Mishra & Koehler, 2006). 
 
Sometimes design is undertaken to learn and innovate, as is often the case when teachers engage in design research 
or action research. When designing is part of coursework (e.g. continuing education credit), the main driving force is 
teacher professional development (e.g., Sagy & Kali, 2014). In other cases, teachers undertake curriculum design as 
a means to achieve school improvement (e.g., Handelzalts, 2009). There are also settings in which the dual goals of 
curriculum reform and professional development are sought, such as in professional development courses targeting 
leaders of change in schools (e.g. Svihla et al., this issue; Voogt et al., this issue). New technological opportunities 
embedded in the design of learning environments, can serve as a catalyst for teachers to rethink their practice, try 
new things and explore creative alternatives (Goodyear & Markauskaite, 2009; Mishra, Koehler & Zhao, 2007).  
 
Teachers design in many different contexts, at (pre-)primary, secondary and tertiary levels of education. The design 
activity may be undertaken by individuals, a few colleagues, or in large teams where in some cases researchers act 
as co-designers (e.g., Bielaczyc, 2013). The designing teachers may create artifacts for local contexts (own use) 
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and/or for additional settings (use by others). The number of designers tends to increase with the scope of design 
challenge. That is, learning activities for specific curricular topics, and individual lessons are quite commonly 
designed by individuals and small teams, whereas modules and cross-disciplinary designs are more often created by 
larger teams. Nieveen et al., (2013) present a detailed characterization of curriculum design tasks undertaken by 
teacher design teams, which illustrates the variety in: what teachers design; how teachers design; with whom 
teachers design; and in what context. The ecological framework we present below seeks to accommodate the rich 
variation of contexts in which teachers design technology enhanced learning.  
 
3. What does existing research tell us about knowledge teachers might need to productively engage in 
technology enhanced learning design?  
Over the last 45 years, various disciplines, including engineering, business and education, have witnessed an 
increase in research investigating design. This has yielded benefits for both research and practice (Simon, 
1969/1996). It has also resulted in theoretical and practical investments into understanding and supporting design 
processes, design cognition, design thinking, design mindsets, design knowledge and design expertise (Cross, 2011, 
Eastman, 1969, Nelson & Stolterman, 2012, Schön, 1983, 1987). Research on designers in various disciplines can be 
informative for thinking about teacher design activity. Furthermore, existing research has also been focused 
specifically on teacher design activity, such as studies of pedagogical patterns of classroom activity (DiGiano et al., 
2003; Prieto et al., 2011). 
 
Stempfle and Badke-Schaub (2002) identify three strains of research that focus on different aspects of design. 
Building on this work and others, we consider research that directly or indirectly helps frame (instructional) design 
and ultimately, the work of teacher designers. As a result, this section examines the following three strands of 
research on design: technical, phenomenological and realistic. Table 1 provides a brief overview of the primary 
emphasis and key concepts in each strand. Thereafter, the nature of each strand is described in relation to: (a) design 
knowledge in general; (b) instructional design; and (c) teacher design of technology enhanced learning. It is 
important to note that these strands are not mutually exclusive and our review does not intend to be comprehensive. 
However, the central emphasis in each strand is helpful for appreciating its key contributions to understanding what 
design knowledge is and how designers come to know. They also serve as main organizers in the ecological 
framework proposed thereafter. 
 
 
---------------------------------------- Please insert Table 1 about here -------------------------------------------------------- 
Table 1. Research on design in three main strands 
Strand Technical Phenomenological Realist 

Primary 
emphasis 

Models and frameworks to 
guide design 

Designers’ reflections on and 
responses to the environment, 
and their related experiences  

What designers actually do, how 
they do it and why they do it 

Key 
concepts 

• Design thinking  
• Design process guidance 
• Criteria for well-designed 

products 
• Teacher instructional 

planning tools 

• Improvisation 
• Design schemas 
• Educational connoisseurship 
• Teacher intuition, awareness 

and experience 

• Designer expertise 
• Design cognition 
• Novice-expert differences  
• Teacher TPACK and its 

influence on pedagogical 
design capacity  

• Teacher practical concerns 
while designing 

 
 
In this contribution, we focus on research concerning the design knowledge of individuals (even if they are working 
in teams). We do consider teamwork to be extremely important in teacher design, but teachers’ collaborative design 
capacity cannot be understood without understanding individuals. We further note that teacher design teams are 
discussed in detail in this issue and elsewhere (e.g. Voogt et al., 2011; Voogt et al., this issue). 
 
3.1 The technical strand in research on design 
Dominated by design methodologists, the technical strand derives from a systematic, rational, problem-solving 
mindset; this strand of research features the derivation, testing and critique of models to support the process of 
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design. These kinds of models have been used to educate designers in various fields (e.g. Branch & Kopcha, 2014; 
Dick, Carey & Carey, 2001; Otto & Wood, 2001; Ulrich, Eppinger & Goyal, 2011). Decades ago, the models might 
have been characterized as rather sterile – tending little to context or human values. But recent work of this sort 
views the design process as social, placing high value on contextual understanding and empathy while not losing 
sight of systematic action and reflection. For example, the Hasso-Plattner Institute of Design at Stanford University 
embodies these views in their trans-disciplinary program that teaches and researches a process which can be 
personalized, internalized and applied in a variety of settings, ranging from IT/engineering (Plattner, Meinel & 
Leifer, 2010) to social innovation (Brown & Wyatt, 2010) and education (Carroll et al., 2010). Key components of 
the design process models include efforts to understand, observe, take points of view, ideate, prototype and test. In 
addition to the process, the design thinking mindset is central to this work; it includes: human-centeredness, 
empathy, mindfulness of process, culture of prototyping, a "show don’t tell" approach, bias toward action, and 
radical collaboration.  
 
The field of education is rich with a history of technical (especially instructional) design models. McKenney and 
Reeves (2012) distinguish two kinds: those focusing on output and those focusing on process. The models focusing 
on output describe characteristics of the products of instructional design. For example, Gagne’s (1985) nine events 
of instruction and van Merriënboer and Kirschner’s (2012) four component instructional design model focus on 
output, because they primarily provide guidelines for shaping the products of design. By contrast, other models 
focus on the design and development process, such as the phases distinguished in Posner and Rudnitsky’s (1994) 
classic text, Course Design: A guide to curriculum development for teachers. After surveying dozens of design 
models, Gustafson and Branch (2002) concluded that nearly all of them were shaped around the following five core 
components: analysis, design, development, implementation and evaluation. As in other fields, the trend to 
incorporate systems thinking into educational design consideration has grown in the last two decades, and more 
recent design models explicitly devote attention to social and implementation considerations throughout the design 
process (e.g. McKenney & Reeves, 2012).  
 
With regard to teachers as designers of technology enhanced learning, research related to the technical strand 
includes studies that help facilitate or model instructional planning. For example, DiGiano et. al (2003) describe a 
set of eight ‘collaborative design patterns,’ which provide teacher-friendly templates for generating high-quality 
collaborative learning activities that capitalize on the affordances of wireless technologies. Similarly, Harris and 
Hofer (2009, p. 4089), distinguish ‘learning activity types,’ which “function as conceptual planning tools for 
teachers; they comprise a methodological shorthand that can be used to both build and describe plans for standards-
based learning experiences. Each activity type captures what is most essential about the structure of a particular kind 
of learning action as it relates to what students do when engaged in that particular learning-related activity (e.g., 
group discussion; role play; fieldtrip).” For example, they identified 42 social studies activity types, and structured 
them through three sets of taxonomies, emphasizing knowledge building, convergent knowledge expression, and 
divergent knowledge expression, respectively. In a related vein, Angeli and Valanides (2009) introduce the concept 
of ‘technology mapping’ to help teachers link technology applications to specific instructional purposes; this too 
bears some resemblance to other pattern-based models of learning design (Goodyear, 2005; Goodyear & Retalis, 
2010; Laurillard, 2008; McAndrew, Goodyear, Dalziel, 2006). 
 
3.2 The phenomenological strand in research on design 
The phenomenological strand contains research focusing on designer experience and consciousness. Inquiry into and 
through design is not only useful for deriving knowledge about the world, but to enable us to better ‘correspond’ 
with it (Ingold, 2013).  Here, correspondence refers to the strophic interaction between designers and context in 
which they act, where each takes turns leading and being led. While this strand does not imply any specific 
philosophical orientation, ontology or epistemology, it does assume that the design process is not so systematic, 
guided by explicit rules, or predictable. Rather, the work of design is flexible and resembles that of an artist, whose 
appreciation and reflections prompt the selection of techniques and actions. A prominent contributor and pioneer in 
this line of research is Donald Schön, with his seminal books The Reflective Practitioner (1983) and Educating the 
Reflective Practitioner (1987). In these works, Schön introduced the provocative idea that professionalism in various 
design areas, such as engineering, architecture or town planning, are not necessarily developed in normative, 
systematic manners. Rather, he claimed, professionalism is gained by ‘reflection-in-action,’ which enables the 
practitioner to think deeply about situations while they are happening, interpret and frame them in particular ways 
and adapt his/her actions accordingly. The phenomenological strand assumes that design work is both 
improvisational and patterned. However, the nature of the patterns in this strand is more visceral than systematic or 
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rational. In their book, The Design Way (2012), Nelson and Stolterman extensively discuss the cognitive and cultural 
tools that organize designer thinking: ‘design schemas.’ In contrast to systematic or rational patterns that guide 
design, they argue that ‘design schemas’ “share the same underlying processes of subconscious judgment making 
that unify immensely complex inputs of information and design reasoning into singular images. The ability to create 
and use high-value schemas is at the heart of design scholarship…" (Nelson & Stolterman, 2012, p. 8).  
 
In education, the phenomenological perspective on design has roots in the1970’s debates concerning the 
epistemological foundations of schooling. Eisner (1976) criticized the desire to create a ‘science of education’ that 
would enable prediction through controlled processes of teaching, curriculum design and evaluation. As an 
alternative to behaviorist, objectives-driven approaches to education, Eisner stressed the multiple, subjective, 
constructed ways in which people make meaning and learning processes are enacted. He advocated for ‘educational 
connoisseurship,’ a more humanistic approach to education. He viewed teaching and curriculum design as activities 
that require artistry (Eisner, 1976). In his approach, educators (including teachers, curriculum designers, and policy-
makers) develop awareness of the qualities of classroom life. Eisner (1979, 1994) mapped seven dimensions related 
to curriculum planning, and pointed out how context influences these: goals and their priorities; content; types of 
learning opportunities; organization of learning opportunities; organization of content areas; mode of presentation 
and mode of response; and types of evaluation procedures. He emphasized that his artistic approach was not 
comprehensive, and that the ideas he proposed were not tied to any particular sequence. Eisner’s approach offers 
general guidelines only, leaving actual planning and decision-making in the hands of the curricular ‘artist.’ From his 
perspective, the teacher is at the forefront of the process of curriculum and instructional design, and the interests of 
individual students should be emphasized.  
 
In the teachers as designers of technology enhanced learning line of research, phenomenological views are 
expressed by taking into account teachers’ use of their intuitive knowledge for making design decisions and judging 
between alternatives. Such views highlight teacher awareness, subjectivities and experience, and call for refining 
these with reflection on the epistemologies underlying design decisions. For example, Ronen-Fuhrmann, Kali and 
Hoadley (2008) studied graduate level teacher-designers and found that the collaborative negotiations of design 
tensions (a) developed their skills to design educational-technologies; and (b) increased the coherence of their 
epistemological understanding of how people learn. The phenomenological perspective is in accordance with 
previous work on the nature of teacher learning (Putnam & Borko 2000) and instructional planning as situated 
(Clark & Dunn 1991) and contextually sensitive (Brown 1992). For example, this is the case with the work of 
Donald and colleagues (2009) who describe their HEART (HEaring And Realising Teaching-voice) methodology - 
an approach to design that is intended "to help teachers and designers select and work with existing learning design 
by helping them reflect on and articulate the education beliefs underlying their own and others' teacher and learning 
design practice,” (2009, p. 180). 
 
3.3 The realist strand in research on design 
The realist strand comprises the largest empirical research base of the three; the focus of the studies that we include 
in this strand is on what designers actually do, how they do it and why they do it Work related to the realist strand 
has especially called attention to trade-offs and complications facing designers working under typical, as opposed to 
ideal, conditions. Research in this area, known under labels such as ‘design expertise’ and ‘design cognition’ started 
in the field of architectural design in early 1970s (Cross, 2001, 2011; Eastman, 1969, 1970, 2001; Lawson & Dorst, 
2009). Later, this view was expanded in many other fields of design work, such as industrial design, mechanical 
engineering, software design, including instructional design (see for overviews Cross, 2001; Kerr, 1983; Kirschner, 
et al., 2002). Here, we briefly outline some fundamental aspects of design expertise and cognition (Cross, 2001, 
2011; Eastman, 2001; Mehalik & Schunn, 2006; Schön, 1983): 

- Different from problem solving: While well-defined problem solving is often described as a search for 
optimal solutions, the cognitive processes involved in design work involve solution of ill-structured 
problems that, in best case, can be described as the search for satisficing solutions. This requires not only 
solution generation, but also a simultaneous process of problem framing and formulation (Cross, 2011; 
Mehalik & Schunn, 2006). It can be hampered by design fixation: a powerful psychological phenomenon in 
which the designer cannot think of alternative solutions because one particular concrete solution is highly 
salient. Particularly the engineering design literature has examined a variety of techniques for overcoming 
fixation (Christensen & Schunn, 2009; Linsey, Wood, & Markman, 2008a, 2008b; Mehalik & Schunn, 
2006; Tseng, Moss, Cagan, & Kotovsky, 2008).  
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- Concurrent aspects: One of the important features of expert designers’ strategies is that they work at many 
levels of detail in parallel (Cross, 2011).  

- Thinking is externalized: Design cognition is not only an internal mental process. Sketching is the central 
aid that helps designers to iterate and shift between different levels and unfinished solutions- designers 
“think by drawing”, by creating and interacting with external representations (Eastman, 2001; Cross, 2011). 

- Design is personal: While formal knowledge of the problem and design is important, studies show that 
designers often draw on personal experiences and informal knowledge (Eastman, 2001). Personality traits 
such as interest and involvement, commitment, self-confidence, risk-taking and willingness to work in 
teams are important qualities of successful designers (Cross, 2011).  

-  ‘A-ha moments’ are the exception: Design studies demonstrate that even innovative design work involves 
numerous routine design decisions. Many creative ideas emerge not from a sudden insight, but from 
accumulation of prior generated ideas and decisions. According to Cross (2011, p. 129), design is more like 
building a “creative bridge” than taking a “creative leap.”  

 
Empirical studies of educational designers offer insights into design cognition, often by focusing on the differences 
between novice and experienced instructional designers (Kerr, 1983; Kirschner, 2002; Ertmer, et al., 2008, 2009; 
Rowland, 1992; see for review Kali, Goodyear, Markauskaite, 2011). In one of the first studies of beginning 
instructional designers, Kerr (1983) found that novices have a difficulty representing design problems; they 
eliminate design alternatives very quickly and do not know when to stop their design work. Kirschner et al. (2002), 
after reviewing a number of studies describing instructional design practices, broadly concluded that there are 
significant differences between beginning and experienced designers. Experienced instructional designers usually 
more thoroughly explore a design problem; they take into account a wider range of factors and use context 
knowledge to solve it; they spend more time prototyping and consider a wide range of possible solutions. While 
many studies focused on novice and expert differences, Visscher-Voerman and Gustafson (2004) found that even 
experienced instructional designers vary widely in in their design strategies and often approach design problems in 
individual and situation-specific ways.  
 
Empirical studies of teachers as designers have explored teachers’ design beliefs, thinking, cognition and knowledge 
in a variety of ways. For instance, Davis et al. (2011), drawing on Brown (2009), investigated teachers’ pedagogical 
design capacity -- “a teacher’s ability to employ personal resources as well as resources embedded in the 
[curriculum] materials themselves to make productive changes to curriculum materials” (p. 797). A number of 
studies have looked at teacher design capacity in natural settings from a technological, pedagogical, content 
knowledge (TPACK) perspective (Kali, Markauskaite, Goodyear, & Ward, 2011; Koehler & Mishra, 2005; 
McKenney, Voogt & Boschman, 2015. Koehler and Mishra (2005) argued that TPACK represents what teachers 
need to know about technology and argued that authentic design-based activities play an important role in the 
development of this knowledge. In this view, teachers’ design capacity, like their capacity to teach with technology, 
includes the ability to blend together knowledge that emerge from the intersections of content, pedagogical and 
technological knowledge and their interdependency with experiences and context (DiSessa, 1988; Kali, Goodyear, 
& Markauskaite, 2011; Markauskaite & Goodyear, 2014). Other studies have examined the processes teachers 
undertake during instructional design. For decades it has been clear that teacher approaches to design differ 
substantially from those described in instructional planning models: “instructors rarely start from well-defined 
objectives, but rather think through situations, activities, or other elements of the teaching environment” (Kerr, 
1983, p. 375). Ellis, Steed, and Applebee (2006) found that university teachers’ approaches to design are associated 
with their beliefs about the teaching of a particular subject and the role of technologies in their teaching and 
learning. McKenney, Voogt and Boschman (2014) found that kindergarten teachers’ considerations during design 
were influenced most by practical concerns, but also by their pedagogical orientation, beliefs about how children 
learn, and convictions of how learning should be supported by teachers. Overall, the realist studies show that 
teachers often take a pragmatic approach toward design: prioritizing the practical use of designs and privileging 
feasibility, in ways that are congruent with their own beliefs and convictions. 
 
4. An ecological framework for conceptualizing teacher knowledge for design 
Based on the previous discussions, this section articulates an ecological framework that can be used to analyze the 
knowledge teachers appear to have and/or need for designing. As previously noted, we define design knowledge in 
the broadest sense, including different kinds of knowledge resources and aspects of knowing that enable intelligent 
and fluent design work by teachers across situations and contexts. We view this framework as ecological because it 
emphasizes complex dependencies and interactions central to design. Building on the review of literature above, the 
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framework emphasizes different kinds of integrated knowledge (know-what, know-why, know-how, know-when, 
know-who), stemming from design across disciplines, within education and specifically pertaining to teachers as 
designers of technology enhanced learning. Moreover, the framework brings together and points out potential 
relationships between three conventionally separated strands of research on design (technical, phenomenological and 
realist). As a whole, the framework provides an overview of key aspects of knowledge teachers need in the different 
kinds of design settings described in the Context: Characterizing teacher design section. This could help researchers 
as well as developers and facilitators of teacher professional development programs to identify areas that require 
support as well as strengths upon which to capitalize. Also, if the framework would be used to structure repeated 
investigations, changes could be tracked over time. This has the potential to yield insights into the development of 
teacher knowledge for design, as well as the processes that appear to foster (or hinder) their development. 
 
The ecological framework is presented in Table 2 and explained in detail thereafter. The columns are inspired by the 
three strands of research on design: powerful design heuristics is inspired by the technical strand; teacher-design 
consciousness and situated experience relates to the phenomenological strand; and realistic understanding of design 
practices stems from the realist strand. Each column contains questions that could be asked to identify assets and 
needs among teacher designers. The rows build on Schoenfeld’s (2010) four basic aspects of decision making: the 
knowledge base; disciplinary habits and practices; metacognition; and productive beliefs aligned with those of the 
discipline. These aspects are critical throughout educational design. They are also consistent with Lundvall and 
Johnson's (1994) notions of the kinds of learning processes that characterize what is required by participants in 
modern ‘learning economies’ capable of continually learning and dynamically adapting to changing circumstances 
and demands. Specifically, we examine the following aspects of teacher design knowledge:  
§ know-what: teachers’ fundamental knowledge base; 
§ know-why: teachers’ productive beliefs, including articulated principles and (sometimes unarticulated) 

experience-based wisdom; 
§ know-how: teachers’ repertoire for action, including intuitive (embodied in skill) knowledge; 
§ know-when: teachers’ tacit and reflective abilities to judge which ideas and processes make the most sense under 

certain circumstances, at certain points in time, with certain people; 
§ Know-who: teachers’ awareness for consulting relevant expertise; and  
§ Know-where: teachers’ understanding of design work in the local and broader system contexts. 
 
 
---------------------------------------- Please insert Table 2 about here -------------------------------------------------------- 
 
Table 2. An ecological framework for conceptualizing teacher knowledge for technology enhanced learning design 

Inspired by 
(research 
strands) 

Technical  
Models and frameworks to 
guide design 
• Design thinking  
• Design process guidance 
• Criteria for well-

designed products 
• Teacher instructional 

planning tools 

Phenomenological  
Designers’ reflections on and 
responses to the environment, 
and their related experiences 
• Improvisation 
• Design schemas 
• Educational 

connoisseurship 
• Teacher intuition, 

awareness and experience 

Realist  
What designers actually do, 
how they do it and why they 
do it 
• Designer expertise 
• Design cognition 
• Novice-expert differences  
• Teacher TPACK and its 

influence on pedagogical 
design capacity  

• Teacher practical 
concerns while designing 

Aspects of 
teacher 
transferable 
knowledge 

Powerful design heuristics 
 

Teacher-designer 
consciousness and situated 
experience 

Realistic understanding of 
design practices 
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Know-what 
(fundamental 
knowledge base) 

What do teachers know about 
design thinking and which 
design models are likely to 
be most useful for them in a 
given situation?  

What intuitive knowledge, 
awareness and experiences do 
teachers bring with them to 
design technology enhanced 
learning?  

What knowledge do teachers 
really use when designing 
technology enhanced 
learning and what issues do 
they typically overlook?  

 
Know-why 
(productive 
beliefs) 

In what ways do teachers 
know why careful attention 
to shaping design processes 
(before and during 
enactment) is critical for 
successful outcomes? 

In reflecting on their own 
design decision-making, to 
what extent do teachers know 
why they make specific choices 
in certain situations? 

What productive beliefs 
(know-why) underpin design 
decisions that 
teachers really make 
and how do they change with 
experience? 

Know-how 
(repertoire for 
action) 
 

What do teachers know 
about how healthy design 
processes proceed? (and how 
similar or different they are 
from the natural design 
inclinations of teachers) 

What do teachers know about 
how their own design schemas 
develop? (and how this relates 
to their own intuitive 
knowledge) 

What TPACK (know-how) 
do teachers really have and 
use during design? (and how 
does this influence 
their overall pedagogical 
design capacity) 

Know-when 
(judgment of 
ideas and 
processes in 
various 
contexts) 

How well do teachers know 
when they should choose, re-
assess or change a particular 
approach to guide the design 
process? 

How well do teachers know 
when to improvise and when 
are one’s own ideas put to use, 
given the setting and goals? 

What are realistic decisions 
teachers make in various 
contexts (know-when) and to 
what extent are these 
decisions based on tacit 
(rather than reflective) 
knowledge, or some other 
design expertise? 
 

Know-who 
(awareness for 
consulting 
relevant 
expertise) 

How well do teachers know 
who they should consult for 
guidance on design 
processes and/or the 
products of design in certain 
contexts?  

How well do teachers know 
who might enrich and inspire 
their awareness or educational 
connoisseurship?  

How well do teachers really 
know who they can consult 
with during different stages 
of design work and for which 
main purposes?  

Know-where 
(understanding 
design work in 
context) 

How well do teachers know 
where locally relevant 
policies, models and 
frameworks to inform design 
are already present in their 
own environments? 

How well do teachers know 
where influences of colleagues, 
leaders and policies can be 
found in their own ideas, 
values and goals that shape 
design? 

How well do teachers really 
know where - in the 
curriculum, the classroom or 
the school - design work 
tends to thrive or struggle? 

  
 
4.1 Powerful design heuristics 
This strand in the framework emphasizes design as a disciplinary knowledge and skill. From this perspective, design 
can be seen as a distinct domain of disciplinary expertise (Simon, 1969/1996). Thus, as all disciplines, it should 
organize its disciplinary knowledge base using certain formal conceptual structures and use certain explicit 
procedures for producing new knowledge products and verifying claims (Nelson & Stolterman, 2012; Schwab, 
1962). This formal knowledge can be learned deliberately and deployed in practice. From this perspective, teacher 
design expertise should be underpinned by a certain formal body of knowledge and systematic ways of knowing that 
represent the conceptual basis of the design discipline, such as design languages, principles, patterns and 
frameworks (Laurillard, 2012).  
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Knowledge of powerful design heuristics can increase the efficiency and effectiveness of teachers' design work. This 
draws on the technical strand of research and is based on the notion that knowledge of principles and processes (as 
portrayed through models and frameworks) can help designers skillfully structure their work (know-what). Huizinga 
et al. (2013) investigated this when examining the design process expertise teachers need when creating new 
curricula. Effective teacher design is fed not only through an understanding of procedures or conceptual tools, but 
also the understanding of why they are valuable under certain conditions (know-why). These are pre-requisites for 
teachers to being able to use them well (know-how). Healthy design processes blend planned rationality with 
sensitivity to human concerns; this points to the importance of empathy and interpersonal skills for teachers to 
facilitate design. Communication across expert groups is notoriously challenging, particularly when it comes to the 
design of technology enhanced learning, in which different kinds of expertise may be needed. For example, the 
CASCADE-MUCH study (Wang, Nieveen & van den Akker, 2007) specifically investigated how to support 
teachers in communicating their multimedia scenario designs to software developers, using ‘storyboarded 
blueprints.’ Having the knowledge to critically assess process in a timely fashion (know-when) is important for 
judging if: a particular approach is being (un)helpful; opportunities should be capitalized on; focus is shifting; or the 
current course needs to be re-evaluated. While known to be important, research has shown that teachers’ intuitive 
approaches to design rarely include process monitoring (Boschman, McKenney & Voogt, 2014). Especially when 
designing activities and resources for use by others, consulting relevant expertise (know-who) can provide valuable 
guidance on either design processes or the resulting products. Finally, to align new designs with the target context 
(McKenney, Nieveen & van den Akker, 2006), it is helpful for teachers to be aware of and incorporate existing 
policies, models and frameworks that are already present within the local and/or system environment (know-where). 
 
4.2 Designer consciousness and experience in the environment 
This strand in the framework relates to theories of situated cognition, which view design work and ways of knowing 
as deeply embedded in situated activities, contexts and culture (cf. Cook & Brown, 1999; Lave & Wenger, 1991). 
From this perspective, designerly ways of knowing are learned through direct and indirect engagement in authentic 
design practices, rather than an explicit, formally-represented body of knowledge and skills (Schön, 1983). 
Likewise, design expertise is underpinned by tacit knowledge and skills that, while learned through engagement in 
shared practices, remain largely individual and unarticulated. Thus, much relevant teacher design expertise is an 
intuitive capacity that is acquired through every day, mostly invisible, work that forms a natural part of authentic 
teaching practice.  
 
A designer’s own consciousness and experience in the environment is necessary for developing intuition, habits of 
mind and routines that can serve future work. Drawing on the phenomenological strand, this knowledge recognizes 
that personal, situated experiences offer rich resources for improvisation and connoissership. This includes an 
understanding of the intuitive knowledge, awareness and experiences (know-what) that teachers bring with them, 
and the fact that teachers draw on these to design technology enhanced learning (Kali & Ronen-Fuhrmann, 2011), 
which oftentimes results in productive designs (Laurillard, 2012). The difficulty to articulate a design rationale (lack 
of know-why), as is often the case with novice teacher designers, can limit the quality of the design work (Kali & 
Ronen-Fuhrmann, 2011). Frequently, when they are asked to reflect on their designed solutions, teachers seem to 
have limited language to do so (Voogt et al., 2013a). This could hamper the development of design schemas and 
even intuitive understanding of design processes (know-how). Within specific settings, a teacher’s individual sense 
of intuition and personal experiences influence both the confidence and ability to improvise (know-when). 
Confidence can be inspired and abilities can be enriched when teachers know to consult relevant expertise (know-
who), as well as where the influences of colleagues, leaders and policies influence their own ideas, goals and values 
(know where).  
 
4.3 Realistic understanding of design practices 
This strand in the framework draws on what is known about designer expertise, cognition, learning and decision 
making. It is based on the premise that design expertise is represented by a set of social and cognitive capacities. 
Social capacities include engaging in shared social practices, distributing roles, planning, negotiating, sharing design 
tools, sketching and participating in other kinds of designerly discourse (e.g., Damşa et al, 2010). Cognitive 
capacities include reasoning, mental imagery, mental mapping and other kinds of information processing. This 
thinking is underpinned in internal memory representations and operations that allow one to think in designerly 
ways and perform design work (e.g., Eastman, 2001). From this perspective, teacher design practices are shaped by 
social capacities (e.g. teamwork, communication skills), memory representations (e.g., TPACK, pedagogical design) 
and cognitive operations, such as switching between and blending different mental frames, integrating abstract 
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thinking about general pedagogical principles and concrete thinking about technological artifacts, settings and 
situational constraints (Goodyear & Markauskaite, 2009; Markauskaite & Goodyear, 2014). 
 
Drawing on the realist strand, a realistic understanding of design practices helps anticipate and accommodate what is 
likely to happen when teachers design technology enhanced learning. By taking into account what teachers 
intuitively consider when designing and which pertinent issues are typically overlooked by them (know-what), it is 
possible to build on their strengths and preempt potential lacunas. Understanding how well teachers are aware of the 
reasons for their focus on certain kinds of considerations as well as if/how these change with experience (know-
why), helps develop teacher design scenarios that explicitly address, and are not cleansed of, teacher concerns. 
Understanding teachers' knowledge regarding how they apply their expertise in design (know-how) enables them 
and others to identify opportunities for using and/or developing TPACK (Koehler & Mishra, 2005; Koehler, Mishra 
& Yahya, 2007); pedagogical design capacity (Brown, 2009; Davis et al, 2011); or design tools (Masterman, 
Jameson & Walker, 2009). A realistic understanding of when teachers use tacit, as opposed to reflective knowledge 
(know-when) is crucial to providing relevant and usable support to teachers during decision making, as the later kind 
of knowledge plays central role in teachers’ decisions about suitability of available learning resources and how to 
redesign and integrate them into their teaching (Markauskaite & Goodyear, 2014). Recognizing these moments in 
which teachers make reflective knowledge is also helpful for teacher-designer development, as it affords 
opportunities to unpacking decision making and consulting relevant expertise (know-who). This can apply to initial 
design, but also to redesign, as research has shown that teachers use their personal experiences as well as 
experiences with unsuccessful task designs to identify design faults and inform redesign (Goodyear & Markauskaite, 
2009; Markauskaite & Goodyear, 2014). Finally, teachers’ realistic expectations about where – in the curriculum, 
the classroom or the school – their design work is likely to thrive or struggle (know-where) can enable teachers to 
work within the ‘zone of proximal implementation’ (McKenney, 2013). 
 
4.4 Applying the ecological framework: The case of teachers as design researchers 
As mentioned, the above ecological framework has been developed for researchers, developers, and facilitators of 
teachers-as-designers professional development programs. To illustrate how the framework might be used by such 
an audience, we use the framework to characterize a specific in-service teacher professional development program 
that one of the authors of this paper was involved in designing and enacting. The Teachers as Design-Researchers 
(TaDR) project (Sagy & Kali, 2014; see also Svihla et al., this issue), is a three-semester long program that involves 
teachers in: the design and development of technology enhanced learning environments in each of their disciplinary 
area of expertise (first semester); and a small scale design study in which they explore the learning afforded by the 
environment (the enactment takes place in the second semester and evaluation in the third). This program has been 
enacted for several years, and refinements were made based on research and informal reflection on practice.  
 
A retrospective characterization indicates that, although many of the know-what, why, how, when, who and where 
questions in the three strands of the ecological framework were addressed in the TaDR program, initial versions 
overlooked some of these cells in Table 2. As a result, preliminary enactments of many learning environments 
eventually designed by the teachers were of high quality with regard to the use of technology, especially for 
promoting collaborative inquiry (which was a pedagogy specifically emphasized), but lacked capacity to promote 
students' deep understanding of content. In further enactments, teachers’ consultations with educational researchers 
who were also content experts were added to the already existing opportunities to learn from their peers and from 
the expert design knowledge of instructors.  
 
It seems that the ecological framework could have been useful in assisting the TaDR designers to identify that more 
emphasis should have been made to promote the ‘know-how’ in the ‘realistic understanding of design practices’ 
strand (addressing the question ‘what TPACK (know-how) do teachers really have and use during design?’) and on 
the ‘know-who’ in the ‘powerful design heuristics’ strand (addressing the question ‘how well do teachers know who 
they should consult for guidance on design processes and/or the products of design in certain contexts?’). This 
retrospective description of the TaDR program using the ecological framework illustrates how it can assist not only 
in mapping such practice in light of the rich literature regarding design and design education, but also in identifying 
the alternative ways to supporting specific aspects of teacher design practice. 
 
5. Discussion 
This paper set out to develop conceptual infrastructure that could help frame and discuss teacher design work. First, 
attention was given to characterizing the uniqueness of teacher design work (as compared with expert design work). 
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Next, three strands of existing research on design were discussed in light of their contributions across disciplines, 
within education, and specifically pertaining to teachers as designers of technology enhanced learning; these were 
the technical, phenomenological and realist strands. Then, key concepts from each field and strand were integrated 
in an ecological framework for conceptualizing teacher knowledge in the context of designing technology enhanced 
learning. After discussion of the framework, a brief example was given of how it could be used. The current section 
considers how tacit knowledge, creativity, teacher design expertise and concurrent design considerations relate to 
the framework and gives recommendations for future research, before offering closing considerations. 
 
5.1 Tacit knowledge 
As the ecological framework demonstrates, teachers' design work, at least in part, draws on some kinds of formal 
heuristic knowledge and situated performance, and requires one’s cognitive capacity and social skill to engage in 
certain kinds of epistemic work. From this perspective, designerly ways of thinking could be best understood as an 
epistemic practice firmly grounded in an assemblage of distinctive kinds of intellectual and material work: “…the 
amalgam of places, bodies, voices, skills, practices, technical devices, theories, social strategies and collective work, 
that together constitutes techno-scientific knowledge practices” (Turnbull, 2000, p. 44). This assemblage draws on 
distinct kinds of insights (know-what, know-how, know-why, know-when, know-who and know-where), many of 
which are tacit. Based on a rich history of metacognitive research on children’s strategy choice (Shrager & Siegler, 
1998), more recent research involving experts has shown that strategy choice is governed by implicit learning and 
memory more than by awareness (Reder & Schunn, 1996). But little research has been conducted to explore teacher-
designer tacit knowledge during design. Research is needed to better inform relevant aspects in the framework, 
including: Why are teachers more and less aware of their own decision-making rationales in certain situations? 
(teacher-designer consciousness); and What are realistic decisions teachers make in various context (know-when) 
and to what extent are these decisions based on tacit (rather than reflective) knowledge, or some other design 
expertise? (realistic understanding of design practices). 
 
5.2 Creativity 
Creativity relates to each main strand in the ecological framework. Powerful design heuristics contain guidance to 
facilitate ideation and nourish the creative spirit. Creativity is required for teachers to consciously employ 
‘disciplined improvisation’ in the classroom (Sawyer, 2006) and to design resources accordingly. Realistic 
understanding of design practices includes knowledge of how creativity is and can be stimulated among teachers and 
designers. Realistic understanding can then be used to inform powerful design heuristics in the ideation stage, e.g. 
by emphasizing the value of verbalization over sketching during ideation (Jonson, 2005), focusing on far-field, less-
common examples to stimulate use of analogical design reasoning (Chan, et al., 2011). Powerful design heuristics 
can also take into account the consciousness and situated experiences embedded in teacher-designer creative 
engagement, as is the case with the participatory design approaches described in Design Things (Binder et al., 2011) 
and How Teachers Contribute to Designs of Technology Enhanced Learning (Cober, Tan, Slotta, So & Könings, this 
issue). Confirming Schön’s work (1983), Dorst and Cross (2001) showed that identifying surprises helps designers 
stay creative even in light of routine tasks, because it prompts framing and reframing of the problem. Further 
research is needed to describe, explain and predict teacher-designer creativity as well as to develop effective, 
efficient and enjoyable mechanisms to enrich it. 
 
5.3 Teacher design expertise 
Important for several reasons, framing and reframing design tasks includes those that are novel and those that are 
routine. A novel design task is a totally new endeavor, such as the creation of an innovative lesson series that uses 
inquiry learning to foster deep understanding of diffusion and osmosis. In contrast, routine design tasks represent 
additional instances of tasks previously undertaken, such the creation of a second innovative lesson series using 
inquiry learning but this time for Mendelian inheritance. The distinction in task types seems important, because 
recent scholarship has uncovered and emphasized key differences in expertise, particularly routine expertise and 
adaptive expertise (Lin, Schwartz & Bransford, 2007; Bransford, et. al, 2010). Whereas predictably similar 
situations require routine expertise, novel situations require adaptive expertise.  
 
Because novel and adaptive expertise develop differently, it is important to understand the commensurate 
differences in the design tasks undertaken by teachers in order to provide adequate opportunities for development 
and support. Research has shown that teachers require support when designing novel, but also routine tasks 
(Huizinga, et al., 2013). When it comes to designing technology enhanced learning, additional issues bear 
consideration. For example, teacher interest, confidence, motivation and self-efficacy for working with technology 



13	  

influence the overall process (Christensen & Knezek, 2009; Ertmer, 2005; Ertmer & Ottenbreit-Leftwich, 2010; 
Voogt, et al., 2013b) and are known to vary highly.  
 
Further research is needed to gain improved realistic understanding of teacher design practices that require adaptive 
and routine expertise, respectively (e.g. relating to the issue described above: What are realistic decisions teachers 
make in various context (know-when) and to what extent are these decisions based on tacit (rather than reflective) 
knowledge, or some other design expertise?). Here, investigation into expert approaches given novel and routine 
design challenges could be especially informative. Further, comparisons of novice approaches with those of experts 
could help begin to describe the learning trajectories of teacher-designers as their expertise develops. This in turn, 
would inform the work of those wishing to support teacher designers. Especially when it comes to studying the 
development of designer expertise, we can continue to learn from the extensive work on design education across 
multiple disciplines, for example by replication of study approaches that have been conducted previously in other 
fields, but now focusing on teachers as designers of technology enhanced learning. 
 
5.4 Concurrent design considerations  
In Context: Characterizing teacher design, we described several concurrent considerations present in any teachers’ 
design situation. These considerations align well with descriptions in literature (and especially the three aspects of 
educational design described by Burkhardt [2009]). Here, we revisit each consideration in light of the ecological 
framework. The first consideration pertained to the foundations of design work, such as determining core design 
principles, learning progressions, or connections within and across learning sequences. While pre-service teachers 
do learn about the alignment of objectives, activities and assessment in lesson planning, teachers rarely have 
opportunities to further develop expertise required for establishing the broader foundations of design work. The 
second consideration is the detailed processes of imagining and constructing specific resources. This is perhaps the 
most familiar to teachers, because it is closest to lesson planning. The third consideration is how the designed 
product relates to the broader system in which it will be used. This includes (McKenney & Reeves, 2012): 
understanding and accommodating real-world constraints; distinguishing early between the changeable and non-
changeable factors within a design situation and tailoring the design accordingly; and enactment of implementation 
strategies based on a plausible theory of change. While this third consideration seems less pertinent when designing 
for personal use, it is essential for actual uptake and sustained use of designs intended for others.  
 
Scholarship is needed to better understand how teacher-designers perceive, tackle and conquer these challenges, by 
seeking answers to questions like: What approaches would help teachers align foundations of design work, 
characteristics of specific resources, and implementation in the class/school/district/state system? (powerful design 
heuristics); How do teachers develop awareness of the relationships between design foundations, specific designed 
resources and the broader system in which they are used? (teacher-designer consciousness and situated experience); 
and When do teachers use their TPACK to establish foundations for design work, make specific design choices 
and/or connect designs to the prevailing system? (realistic understanding of design practices). Here too, the study of 
novices and especially experts could be especially useful in bringing out synergies across strands. For example, 
empirical descriptions of how skilled teacher-designers work would likely have implications for how the teacher 
design process is structured and how the quality of the designed products is judged (e.g. alignment to concurrent 
considerations, aesthetic criteria in each). 
 
Especially for tackling concurrent design considerations of teacher-designers, emerging work in participatory design 
related to each to the three strands in the framework may provide useful springboards. For example, the notion of 
‘infrastructuring’ is quite relevant to considering how designed products relate to the broader system. From this 
perspective, infrastructures should be built “by establishing working local solutions supporting local practices which 
subsequently are linked together, rather than by defining universal standards and subsequently implementing them” 
(Ciborra and Hanseth 1998, p. 315). Star & Ruhleder (1996) introduced this concept based on their realistic 
understanding derived from analysis of a large-scale custom software effort in which a collaborative system was 
designed for a geographically dispersed community of geneticists. Building on this work, Pipek and Wulf (2009) 
developed a framework that provides methodological support for infrastructuring during design. And while case 
studies on ‘infrastructuring and the formation of publics’ touch on varied aspects, these include the consciousness 
and situated experiences of the co-designers: “As the group came to realize its capabilities and limitations (in 
technical skills, knowledge of municipal regulations, and radio content development), it reached out to external 
groups and individuals with expertise in these domains,” (Le Dantec & DiSalvo, 2013, p. 254). Similarly, 
participatory design and its exploration of the roles of unusual suspects in design decision making could be 
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informative. This includes, for example, ‘agonistic public spaces’ as opposed to consensual decision-making 
trajectories (Björgvinsson, Ehn, & Hillgren, 2010, 2012); and integration of student, teacher and designer 
perspectives in the design of learning (e.g. Instructional Science Special Issue, 2014). 
 
5.5 Conclusion  
This contribution reviewed and synthesized key concepts from literature on design into a framework representing 
the ecology of teacher design knowledge. We describe it as ecological to emphasize interactions between elements. 
This includes relationships between the different kinds of knowledge described: know-what, know-why, know-how, 
know-when, know-who. It also includes synergies across conventionally separated strands of research on teacher 
design, namely those: yielding powerful design heuristics, emphasizing teacher-designer consciousness and situated 
experience, and generating realistic understanding of design practices. With the aim of supporting new research and 
development initiatives, the ecological framework is intended to help investigate teacher design in the context of 
technology enhanced learning. Such work can serve fundamental understanding regarding how teachers design, 
which is essential as a basis for developing support for the process. Used repeatedly, the ecological framework can 
also serve individual project development, as well as cross-project fertilization and comparison. Building on this 
framework, future work could, for example, distill realistic design heuristics that explicitly attend to teacher-
designer consciousness of their own experiences. We consider this ecological framework as a modest but important 
contribution to studying and supporting teachers as designers of technology enhanced learning.  
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