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CHAPTER 1
INTRODUCTION
Background

Working in a design thinking space (Cross, 2011), designers from different design fields,
in the midst of the natural consequences of an ill-structured problem (Guindon, 1990); interact
with a situation by having a reflective conversation with it. Designers are reflective participants
in the design process (Scott, Shurville, Maclean, & Chong, 2007; Valkenburg & Dorst, 1998).
The process is more reflection than evaluation. Evaluating does not capture what is actually
happening when designers reflect on the strengths and weaknesses of the design while it is in
progress. During the design process, it is not evaluating the content of a design solution, but
rather it is evaluating actions in, what Schon (1983) describes as a reflective conversation with
the situation (Valkenburg & Dorst, 1998).

To understand designers interacting with design episodes and having a reflective
conversation with the situation, design thinking literature points to reflective practice ideas
(Adams, Turns, & Atman, 2003; Atman, Cardella, Turns, & Adams, 2005; Atman, Chimka,
Bursic, & Nachtmann, 1999; Ball, Onarheim, & Christensen, 2010; Cross, 2011; Goel &
Grafman, 2000; Guindon, 1990; Scott et al., 2007; Valkenburg & Dorst, 1998), especially to
reflection-in-action (Schon, 1983; Schon, 1988). The idea of reflection-in-action is that unique
and uncertain situations are understood through attempts to change it, and changed through the
attempt to understand it (Schon, 1983; Schon, 1988).

Reflection-in-action is best appreciated within the context of design activity. There are

four aspects to a design activity: (a) designer, (b) process, (c) content, and (d) context. Of the



four aspects, designer is the most straightforward. Process is looking at design in two different
ways: (a) rational problem solving and (b) reflective practice (Brown, 2009; Cross, 2011; Dorst,
2008; Schon, 1983). Content involves complex and uncertain design problems and the emerging
solutions (Dorst, 2008; Schon, 1983). In general, a designer works in a particular context. A
specific aspect of context is how designers draw from a repertoire of precedents inside and
outside of the project (Brown, 2009; Cross, 2011; Dorst, 2008; Guindon, 1990; Schén, 1983).

Across design fields such as architecture, engineering, graphic design, and instructional
design, evaluative processes while a design is developing and not yet complete take on a number
of forms (Dereldv, 2008; Green, 2000; Kerr, 1983; Kirschner, Carr, & van Merriénboer, 2002;
Klimczak & Wedman, 1997; Paton, 2011; Pieters & Bergman, 1995; Rowland, 1992; Spitas,
2011; Thurston & Nogel, 2001; Valkenburg & Dorst, 1998; Williams, South, Yancher, Wilson,
& Allen; 2011). In engineering, the term evaluating can be confusing as it generally refers to
evaluating a design idea or principle, not the evaluation of actions (Valkenburg and Dorst, 1998).
In architecture, engineering, graphic design, and instructional design, designers evaluate a
developing design project in a range of ways: formally or informally; following traditional
scientific roles or intuition. The evaluative process may differ, but designers make judgments of
the strengths and weaknesses of the design product or process while operating in a space of
complexity and uncertainty. In many aspects, designers’ evaluative processes present elements of
reflection-in-action.
Statement of the Opportunity

Within the design thinking research, there are two ways to look at the design process: (a)
rational problem solving and (b) reflective practice (Brown, 2009; Cross, 2011; Dorst, 2008;

Schon, 1983). In reflective practice, the design thinking literature replaces evaluation with



reflection. Designers have a reflective conversation with a design situation where the situation
talks back and the designer responds to the back talk (Cross, 2011; Schon, 1983).

If designers are conducting evaluative processes in a number of forms, then where can
designers turn to better understand reflection in the midst of complex, uncertain, and ill-
structured problems? Designers can turn to reflective practice. Schon (1983) proclaims, “...all
occupations engaged in converting actual to preferred situations are concerned with design,” (p.
77). Designers (architects, engineers, and software systems) have been dealing with open and
complex problems for years, and designing disciplines have developed practice to do this (Dorst,
2011).

Purpose of Study

Facing uncertain, complex, and continually changing conditions, designers are looking to
understand evaluation in action (Williams et al., 2011). The purpose of my interdisciplinary
research was to study reflection-in-action regarding three aspects of design activity. This study
addressed:

1. What is the impact of reflection-in-action on evaluation processes while a design is
developing and not yet complete?

2. What effect does reflection-in-action have on keeping a design project moving forward
toward implementation?

3. What impact does the design’s problem-solution relationship have on the reflection-in-
action process?

4. What impact does a designer drawing from a repertoire of precedents inside and outside

the project have on the reflection-in-action process?



Theoretical Perspective

My research was guided by critical theory. For critical theorists like Max Horkheimer,
Herbert Marcuse, Theodor Adorno, and, more recently, Jurgen Habermas, reflection or critical
reflection is emacipatory (Reynolds, 1998). Different from the problem solving process, critical
reflection examines both historically and contextually social and political notions, which are
taken for granted (Reynolds, 1998). Critical theory questions traditional views of objectivity,
questions what others maintain as obvious, and uncovers the obscure (Gibson, 1986; Reynolds,
1998).

Although the term used may differ, authors categorize three different levels of reflectivity
within critical theory: (1) technical, (2) practical or consensual, and (3) critical (Hindmarsh,
1993; Reynolds, 1998). Practical or consensual reflectivity aligns well with Schon’s reflection-
in-action where a professional continuously interprets, takes action, reflects, and makes
adjustments (Hindmarsh, 1993; Reynolds, 1998). Elements of reflection-in-action that are well
represented within practical reflectivity include discovering values and assumptions within
episodes, taking stock in the effects of context, and committing to an ultimate purpose and goal.
Epistemology

Constructionism, where people construct meaning while they engage with the world they
are interpreting (Crotty, 1998), informs practical reflectivity as a level within critical theory.
Design worlds are consistent with a constructionist view (Schon, 1988). Drawing from
constructionists like Papert and Goodman, designers not only construct objects in their design
worlds, but also construct objects through closely interrelated courses of action like cognition,

perception, and notation (Schon, 1988).



Reflection-in-action is based on a constructionist perspective of human thought processes
and perceptions (Valkenburg & Dorst, 1998). As designers, focused on ill-structured problems,
interact with design episodes by having a reflective conversation with the situation, they
construct a worldview based on their experiences (Valkenburg & Dorst, 1998).

Definition of Terms

The following is the definition of the terms used within the context of the study.

Design Thinking. As a space rather than a process, design thinking is abductive (Cross,
2011; Dorst, 2011). In abductive reasoning, a designer shifts and transfers thoughts between the
required purpose or function and the appropriate forms for an object to satisfy the purpose
(Cross, 2011). In essence, designers move back and forth between an analysis space (required
purpose or function) and synthesis space (appropriate forms for an object to satisfy the purpose).
The core challenge of design thinking is, in parallel, creating a complex object, service, or
system and making it work (Dorst, 2011). Designers come up with the “what” and “how” and
then test both in conjunction (Dorst, 2011, p. 5). Within a design space, designers need to
tolerate uncertainty, interact with external representations (sketches, models, and other
materials), rely on intuition, and take stock and reflect on the what and how (Cross, 2011).

Reflection-in-action. As a specific type of reflective practice (how professionals think
in practice), reflection-in-action emphasizes that unique and uncertain situations are understood
through attempts to change them, and changed through the attempts to understand the situations
(Schon, 1983). Reflection-in-action helps designers deal well with situations of uncertainty,
instability, uniqueness, and conflicted values, which are inherent in ill-structured problems

(Schoén, 1983).



Ill-structured problems. In the complex world of design, designers may face deviations
in the design process that are not due to bad design or performance breakdown, but rather due to
a natural consequence of ill-structuredness of problems in early design stages (Guindon, 1990).
Ill-structured problems make design problems particularly difficult because ill-structured
problems are: (a) incomplete and have ambiguous goals; (b) have no predetermined solution
path; (c) have inconsistent relationships among concepts, rules and principles; (d) and require an
integration of multiple knowledge domains (Guindon, 1990; Jonassen, 1997; van Merriénboer &
Kirschner, 2007).

Interaction with episodes. The design process is episodic which has strong implications
for reflection from three perspectives: (a) designers move to and fro between exploration and
reflection, (b) designers take stock of a design situation, and (c) designers participate in an
episode that takes a life of its own (Cross, 2011). Designers treat each design episode as unique
(Schon, 1988). Designers build up knowledge in a cumulative way, develop knowledge in one
design episode, and carry it over to the next episode. Episodes can be complex and have lives of
their own, which may foil a project and create new meaning (Schon, 1983).

Reflective conversation. When a design episode talks back and a designer responds to
the back talk, a designer has a reflective conversation with the design episode (Schon, 1983). In
an episode’s back talk, a designer can discover a whole new idea, which may result in a shift in a
designer’s stance. A designer shifts from what if to do something with the episode, and a
designer’s stance changes from exploration to commitment (Schon, 1983).

Frame experiment. When designers are stuck in a problematic situation, a designer
constructs a new frame where a designer selects boundaries, selects particular things and

relations for attention, and imposes on the situation a coherence that guides moves (Schon, 1983;



Schon, 1988). In the midst of the design process, a designer poses a problem frame, explores its
implications in design moves, and then investigates solution possibilities. In frame experiments,
reflection is not separated from doing, and implementation is built into inquiry so the design
project may keep moving forward (Cross, 2011).

Problem-solution relationship. In a design space, the complex design problem and
emerging design solution develop together (Cross, 2011; Dorst, 2008). Design problems are
amongst the most complex as they are embedded in context and change over time (Jonassen,
2000). Designers revise problem understanding in the context of developing or revising
emerging solution elements (Adams et al., 2003). Designers engage in a conversation across
problem and solution spaces where solution spaces are not yet fully developed (Schon, 1983).

Repertoire of precedents. Designers draw on a repertoire of precedents, inside and
outside design projects, which help give coherence, practicability, and alternative form to a
concept (Cross, 2011; Dorst, 2008; Schon, 1983). A repertoire of precedents may be as
ambiguous as remembered images and recollection of other objects and as specific as interests in
aircraft design, space rockets, science fiction, comic strips, and organic evolution (Cross, 2011).
A repertoire of precedents can evolve through shared experiences with a cross-disciplinary team
of designers, engineers, and marketers (Brown, 2009). As a source for inspiration and idea
generation, a repertoire of precedents may be gathered from every possible source (Brown, 2009;
Dorst, 2011).

Assumptions of Study

As noted earlier in the Schén quote, occupations that are engaged in moving real

situations to desired situations are concerned with design. It could then be argued that many

occupations have some type of design aspect. In order to efficiently and effectively address my



four research questions, | limited the category of designers that are studied. My goal was to take
an interdisciplinary approach to the study. Therefore, | studied designers across professional
fields of architecture, engineering, instructional design, and graphic design. Except for graphic
design, more research has been conducted in these fields than in professional design fields such
as computer software and interaction, furniture, and textile design (Cross, 2011).

Summary

Within design thinking research, reflective practice is a way to look at the design process.
In reflective practice, the design thinking literature replaces evaluation with reflection. Designers
have a reflective conversation with a design situation, interact with design episodes, construct
frame experiments, wrestle with the problem-solution relationship, and draw on a repertoire of
precedents.

As designers are conducting evaluative processes in a number of forms, where can
designers turn to better understand reflection in the midst of complex, uncertain, and ill-
structured problems? Designers can turn to reflective practice. Architects, engineers, and
software systems designers have dealt with open and complex problems for years. In these fields,
designers have developed practice to do this (Dorst, 2011).

Guided by four research questions, my study carefully looked at designers who facing
uncertain, complex, and continuing changing conditions interact with design episodes by having
a reflective conversation with the situation. As designers look to informal reflection methods,
designers can turn to reflective practice to better understand reflection in the midst of ill-
structured problems. My study examined how reflection helps designers improve a design

project and keep it moving forward toward implementation.



CHAPTER 2
LITERATURE REVIEW

The purpose of my literature review was to provide a coherent examination of the
literature between current trends in the evaluation processes across design fields and reflection-
in-action within a design thinking space. My literature review critically examines research
methods used, investigates the practical and scholarly significance of the research, and
synthesizes the literature into four closely interrelated themes (Boote & Beile, 2005). These four
themes are: (a) reflection aligned with evaluation processes across design fields, (b) the natural
consequences of ill-structured problems, (c) interaction with episodes, and (d) reflective
conversation with a situation.
Reflection Aligned with Evaluation Processes Across Design Fields

Across design fields including engineering, architecture, instructional design, and human-
centered design such as graphic design, designers’ ability to rapidly evaluate design during the
design process is important to increase design productivity (Brown, 2009; Christensen &
Hansen, 2010; Conley, 2004; Green, 2000; Williams et al., 2011; Yeomans, Bouchlaghem, & EI-
Hamalawi, 2006). Evaluation is part of what designers do. Evaluation is different than other
design tasks because evaluation runs through all design tasks (Derel6v, 2008; Williams et al.,
2011). However, when asked to describe inquiry methods, designers talk about experience, trial
and error, intuition, and just working through (Schon, 1983). In the design fields pertinent to this
study; architecture, engineering, graphic design, and instructional design; designers evaluate a
developing design project in a range of ways: formally or informally; following traditional

scientific roles or intuition.
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Phrases like “thinking on your feet,” “keeping your wits about you,” and “learning by
doing” suggest not only that designers think by doing but can think about doing something while
doing it (Schon, 1983, p. 54). Reflection-in-action emphasizes that unique and uncertain
situations are understood through attempts to change them, and changed through the attempts to
understand the situation (Schon, 1983). For a designer, reflection may vary in five distinct ways:
(a) designers reflect and make judgments on what they tacitly know about their practice, (b)
designers reflect on strategies and theories that are embedded in behavior patterns, (c) designers
reflect on the feelings for a situation that leads to taking on an action, (d) designers reflect on
how a problem has been framed, and (e) designers reflect on the role that they have taken
(Schon, 1983). The evaluation processes used across design fields align with these variations in
reflection.

Designers reflect and make judgments on what they tacitly know about their
practice. Traditionally, in instructional design, formative evaluation is making judgments of the
strengths and weaknesses of a design while the design is developing. Tessmer (1993) suggests
that many instructional designers approach formative evaluation as craft or art rather than
science since decisions are based more on judgments than scientific evidence. This leads to
evaluation activities that are more informal than formal (Williams et al., 2011). In the
engineering design field, Green (2000) discovered that how humans judge is significant to
evaluation activities. In his study of mechanical engineers, he noted that his subjects performed
evaluation activities by judging between and selecting from a range of design options (Green,
2000).

Across the four design fields included in my study, reflecting and making judgments on

what designers tacitly know means that designers rely on experience and intuition. Engineers
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across industries strengthen engineering evaluation by verifying the reliability and feasibility of
solutions at an early stage of development (Dereldv, 2008). Using observations and case studies,
Derelov (2008) concluded that engineers accomplish solution verification in intuitive and
subjective ways that rely on designers’ collective knowledge and experience instead of methods
or tools. Similarly, surveying 10 subjects working within industrial design engineering and using
an abstraction-to-detail design paradigm, Spitas (2011) concluded engineers’ exploration of a
design space is driven by designer intuition and experience. Designers influence design activity
based on their perceptions, facts, opinions, and judgments (Spitas, 2011). Keeping with this
reliance on experience and intuition, in instructional design, designers use personal experiences,
frames of reference, templates, design principles, and context knowledge to consider alternative
solutions during the design process (Kirschner et al., 2002; Pieters & Bergman, 1995; Rowland,
1992).

Even though human-centered design like graphic design has a small body of literature
due to its limited tradition, human-centered designers follow a structure where they reflect on
and compare experiences that result in new insights about designers’ practice (Conley, 2004).
What designers tacitly know helps designers understand what is happening and what could
happen. Responding to an experimental integrated project-based studio, architectural students
postulated and reflected on different design proposals that helped designers understand the
design situation and the design potential (Shannon & Radford, 2010).

Even though in the literature, virtually no studies directly address evaluation by
instructional designers, there is evidence that evaluation is not always formal (Williams et al.,
2011). Although evaluative activities were important, instructional designers, interviewed in a

study, did not refer to the word evaluation as the evaluation activities became tacit activities that
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were performed everyday by designers without much thought (Williams et al., 2011). Across the
four design fields in my study, when involved in evaluation activities, researchers sustain a view
that designers reflect and make judgments on what they tacitly know about their practice.

Designers reflect on strategies and theories that are embedded in behavior patterns.
Across design fields, designers come to solutions by way of analysis and synthesis and
convergent and divergent relationships (Asasoglu, Gur & Erol, 2010; Brown, 2009; Conley,
2004; Cross, 2011). In an architectural design studio setting, architectural students’ behavior was
not merely reciting back architectural theories and noting the strengths of building materials
(Asasoglu et al., 2010). Expected to fully understand an architectural problem and figure out a
solution, student behavior consisted of observing, reflecting, discovering, and speculating
(Asasoglu et al., 2010). Embedded in these behaviors are strategies of analysis and synthesis and
convergent and divergent relationships.

Prototyping is a design strategy that creates reflective opportunities (Brown, 2009;
Christensen & Hansen, 2010; Cross, 2011; Pieters & Bergman, 1995). Aligned with theoretical
techniques, architectural prototyping (process of designing, building, and evaluating architectural
prototypes) is a feasible additional design and evaluation technique (Christensen & Hansen,
2010). In an ethnographical and focus group study, architects used architectural prototyping as a
strategy to explore architectural designs, learn about new architectural tactics, and assess the
limitations and benefits of emerging technologies (Christensen & Hansen, 2010). Pieters and
Bergman (1995) suggested that instructional designers who focus on prototyping as a solution
path found themselves evolving from a general systems approach to an intuitive and reflective

approach.
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In early phases of engineering design, engineers’ behavior can be much different than end
phases of design. In early phases, designers’ knowledge is low and freedom of how to solve tasks
is high while in the end phases, engineering designers’ knowledge of the problem is high and
design freedom becomes limited (Derel6v, 2008). This can affect the final results and success of
the design process (Dereldv, 2008; Green, 2000).

What is a possible implication of designers reflecting on strategies and theories that are
embedded in behavior patterns? Rowland (1992) notes that expert instructional designers have a
tendency to think of solutions first and then test the solutions. Although instructional designers
may ask what are other possibilities or what would happen if this were tried instead of that,
expert instructional designers also will use principles to come to solutions (Rowland, 1992). The
implication is that designers maintain a balance of rationality and intuition and a balance of
technical proficiency and creativity (Rowland, 1992).

Designers reflect on the feelings for a situation that leads to taking on an action. A
designer’s world is complex, complicated, and always changing (Brown, 2009; Cross, 2011;
Guindon, 1990; Schon, 1983; Williams et al., 2011). Across the four identified design fields; in
practice; designers evaluate, elaborate on the most promising concepts, refine concepts, and then
take action to produce a final detailed design (Aasaoglu et al., 2010; Brown, 2009; Conley, 2004;
Kirschner et al., 2002; Spitas, 2010; Williams et al., 2011; Yeomans et al., 2006). Reflecting on a
situation and then taking action can result in reduced project time, reduced costs, greater design
coordination, and better quality designs (Williams et al., 2011; Yeoman et al., 2006). When
unique design situations are full of uncertainty, evaluating does not capture what is actually
happening when designers reflect on the strengths and weaknesses of a design and then take

action. In instructional design, for example, formal evaluation processes focus on static versions
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of products and programs whereas quality design calls for continual reflection on how a designer
responds to changing complexities in a dynamic situation (Williams et al., 2011).

Designers reflect on how a problem has been framed. Across the architectural,
engineering, instructional design, and graphic design fields, problem framing is prevalent even
though the actual framing process may differ from one field to another. In architecture,
experimenting with solutions as soon as a design problem is conceived is called “primary
generator” and is used to narrow down the range of possible solutions to a problem (Asasoglu et
al., 2010, p. 3539). Directly referencing Schon’s reflective practice principles, architects frame
problem situations and then reflect on them (Asasoglu et al., 2010).

In practice, instructional designers’ designs are highly solution driven and context
sensitive which means solutions are gained by means of an iterative and integrated process
(Kirchner et al., 2002). Expert instructional designers frame a problem by decreasing the
problem space with potential solutions which then allows designers to explore problems and
interpret them as ill-defined, and design intuitively and reflectively by looking at alternative
solutions in tandem (Kirchner et al., 2002; Pieters & Bergman, 1995). Observing four expert
designers in a talk aloud approach, expert designers thought of solutions immediately but did not
commit until the problem was framed by a deeper understanding of the problem through an in-
depth analysis of the problem and its context (Rowland, 1992). In the study, all four designers
came up with different solutions that were correlated not only to personal designer experiences
but also to the designers’ frames of reference (Rowland, 1992).

Both engineering and graphic design have their own challenging approaches to framing.
In engineering design, it can be challenging to determine when framing actually occurs.

Engineering design problems are complex at many levels and therefore it is difficult to isolate
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analysis, exploration of a design space, evaluation activities, and the designation of ideas for
further processing (Spitas, 2011). In human-centered design, which includes graphic design,
designers approach framing by structuring a problem’s criteria then exploring alternatives, which
lead to a more considered design (Conley, 2004).

Designers reflect on the role that they have taken. In practice, even though designers
sketch and diagram design problems, designers struggle in describing how decisions are made
about alternative courses of action (Cross, 2011; Kerr, 1983). In the fields of art and architecture,
designers need encouragement to be reflective in their actions, more aware of how they are
proceeding, and more aware of their own thoughts, reactions, and decisions (Kerr, 1983). In a
case study that looked at architectural students’ response to an experimental integrated project-
based studio, students participated in planned iteration where students looked at the same
technologies and issues several times (Shannon & Radford, 2010). The purpose of this planned
iteration was to promote student learning and understanding. The authors concluded that design
is a cyclical process of reflective practice that includes: (a) architectural design students
understanding a design situation and potential by reflecting on design proposals and (b) students
self-reflecting on the reflective design process (Shannon & Radford, 2010).

Across design fields including engineering, architecture, instructional design, and graphic
design, designers participate in evaluation activities in a range of ways: formally or informally;
following traditional scientific roles or intuition. The literature supports Schon’s reflection-in-
action where unique and uncertain situations are understood through attempts to change them,
and changed through the attempts to understand the situation (Schén, 1983). The literature across
the four design fields pertinent to my study also supports designers’ evaluation processes aligned

with Schon’s five distinct variations in reflection.
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The Natural Consequences of Ill-structured Problems

In a study that used verbal protocols of three professionals designing a software system,
Guindon (1990) concluded that the deviations from the designers’ top-down approach were not
due to bad design habits or a breakdown in performance, but rather, “a natural consequence of
the ill-structuredness of problems in the early stage of design,” (p. 307). Designers face the fact
that design is an ill-structured problem (Cross, 2011; Guindon, 1990; Maher, Poon & Boulanger,
1996). When reviewing the design literature regarding the natural consequences of ill-structured
problems, it is practical to: (a) understand how authors define ill-structured problems, (b)
recognize that design is an ill-structured problem, and (c) grasp what happens in the ill-structured
world of design.

Definition of ill-structured problems. In the instructional design field, Jonassen is a
definitive voice regarding ill-structured problems. His definition includes the makeup of ill-
structured problems and how designers deal with ill-structured problems. The composition of ill-
structured problems includes problems that: (a) are situated and emerge from context, (b) do not
specify well one or more aspects of the problem situation, (c) present unclear and ill-defined
descriptions, (d) do not provide information to solve the problem, (e) are emergent dilemmas
found in everyday practice, and (f) may have multiple solutions, multiple solution paths, or no
solution at all (Jonassen, 1997). Since complex problems are dynamic, when the complexity of
the problem increases, the difficulty to process components of the problem increases (Jonassen,
2000). Therefore, designers must deal with: (a) an uncertainty about which concepts, rules, and
principles are necessary for the solution; (b) defining the problem and then figuring out

information and skills needed to solve it; (c) no straightforward means to determine action; (d)
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their own personal opinion and belief about the problem; and (e) making judgments about the
problem and then defending those judgments (Jonassen, 1997).

In a study of three professionals designing software systems, Guindon (1990) concluded
that ill-structured problems make design difficult. Similar to Jonassen, Guindon defines ill-
structured problems as ambiguous and incomplete specifications of goals that have no
predetermined solution path. She adds to the over-arching definition by contending that ill-
structured problems require the integration of multiple knowledge domains (Guindon, 1990).

Design is an ill-structured problem. Design problems are ill-defined and designers are
“ill-behaved” problem solvers (Cross, 2011, p. 147) as ill-structured problem solving is a design
process and not a systematic search for problem solutions (Jonassen, 1997; Maher et al., 1996).
In practice, design problems are uncertain and among the most complex and ill-structured
problems that designers will encounter (Cross, 2011; Jonassen, 2000; Schon, 1983). As an ill-
defined problem, design involves reflection, surprise, and unpredictability (Adams et al., 2003).

Since there are often no predetermined solution paths, design problems have ill-defined
goals, ill-defined evaluation criteria, and emerging surprises (Ball et al., 2010; Guindon, 1990;
Schon, 1983). Reflection-in-action centers on the experience of surprises (Schon, 1983).
Designers reflect on the “misfit” that they unintentionally create (Schon, 1983, p.56). In other
words, designers take stock in the unintended but inevitable surprises that will occur during
design. As a result of no predetermined solution paths, designers must allow for goals and plans
to change during design (Guindon, 1990). Ill-defined design tasks mean that designers need to
uncover a deeper understanding of requirements during the solution development process (Ball et

al., 2010).
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As an ill-structured problem, design has constraints and without constraints design does
not happen (Brown, 2009). Guindon (1990) contends that the science of design should be
concerned with how the design process best suits the constraints of the environment. In a study
concerning software development designers using breadth-first versus depth-first design
approaches, constraints were used to limit or inform the design space and used as an evaluative
process to determine the best solution from a range of options (Ball et al., 2010). A solution’s
features and constraints become new criteria that results in redefining the problem space, which
then generates a new design space (Mabher et al., 1996).

What happens in the ill-structured world of design. A designer’s ability to design is
dependent on coping with uncertainty (Cross, 2011). Ambiguity is essential to a design process
as it allows designers to move around independently (Cross, 2011). However, complexity results
in consequences that were not intended and in situations of complexity and uncertainty, a
designer can have a problem finding the problem (Schén, 1983). In the ill-structured world of
design, designers structure the problem, advance partial solutions, trigger reflection-in-action,
and develop the problem-solution relationship.

From verbal protocols of three professionals designing a software system, problems had
poorly designed goals and there were no well-defined criteria to evaluate solutions therefore
designers used problem structuring (Guindon, 1990). In problem structuring, designers
discovered missing information like problem goals and evaluation criteria and then used the
information to define a problem space (Guindon, 1990). In the study, a natural consequence of
ill-structured problems was that designers wanted to immediately fix software system bugs
(Guindon, 1990). This meant that designers received the unplanned information (system bugs),

refocused their attention, and ultimately modified their design process.
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Designers receive design additions and infer new design requirements throughout design
solution development (Guindon, 1990). Designers immediately develop partial solutions that
correspond to inferred requirements and constraints and then evaluate the consistency,
correctness, and completeness of a solution (Guindon, 1990). Guindon (1990) contends that it is
advantageous for a designer to evaluate immediately how an inferred constraint impacts a
solution. The idea of opportunistic solution development is to have designers take advantage of
solution opportunities even if following those deviate from a structured design process (Guindon,
1990). In an ideal world, designers would document design process and artifacts as if they are
produced in a systematic fashion (Guindon, 1990).

In a different study looking at software development designers, design in an ill-structured
world was a top-down and structured process, which took on opportunistic processing that
helped circumvent design stalemates or knowledge deficits, and capitalized on opportunities that
emerged (Ball et al., 2010). The authors concluded that expert designers begin with a top-down
breadth approach and then switch to a depth approach when problem complexity and design
uncertainty surface (Ball et al., 2010). The depth approach allows designers to gain confidence in
exploration of partial solutions.

In a study of engineering students designing a playground, surprises in an ill-structured
design world triggered reflection-in-action because surprises interrupted the flow of a practiced
design process (Adams et al., 2003). When the design process became unpredictable, designers
engaged in a reflective conversation with the materials, which meant designers developed a deep
understanding of the design problem (Adams et al., 2003). In complex and ambiguous situations,

the authors conclude that problem-setting is as important as problem-solving which means
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designers list design factors, gather information, and spend time in problem-setting activities
(Adams et al., 2003).

The idea of “couple iterations” is the interaction of figuring out the problem and
determining a solution (Adams et al., 2003, p. 287). In a problem-solution relationship, designers
gather information on a just-in-time basis, qualify and quantify problem requirements by
describing how solutions function, and evaluate solutions while clarifying evaluation
commitments from multiple perspectives (Adams et al., 2003). The challenge of complex and
ambiguous design tasks is designers cannot gather information unless designers understand the
problem but designers cannot understand the problem without gathering information (Adam et
al., 2003; Schon, 1983). Schon’s reflection-in-action fills this gap where new requirements
emerge during development of solutions which cannot be determined or followed up on until
portions of the system are designed (Adams et al., 2003).

The problem-solution relationship exists because ill-structured problems rarely have a
single, best solution (Jonassen, 1997). Ill-structured problems have several solutions where each
solution offers advantages and disadvantages to different designers in different situations in a
context for application (Jonassen, 1997). Designers structure the problem by figuring out what
the artifact will be that satisfies the ill-defined requirement (Jonassen, 2000). Since criteria for
the acceptable solution are not obvious, designers construct personalized systems to evaluate
their products (Jonassen, 2000).

Designers confront the reality that design is an ill-structured problem. In practice, design
problems are some of the most complex and ill-structured problems that designers will
encounter. In the design process, designers must handle uncertainty and ambiguity. In dealing

with the natural consequences of ill-structured problems, the literature presents designers
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structuring problems, advancing partial solutions, triggering reflection-in-action, and developing
the problem-solution relationship.
Interaction with Episodes

As designers interact with external representations, design becomes episodic in that
designers move to and fro between design areas, take stock in the situation, and become
immersed in a situation that has a life of its own (Cross, 2011). Through action with an episode,
designers shape the episode and make themselves a part of it (Schon, 1983). Depending on the
specific situation and the amount of designer reflection, episodes of reflection-in-action may
vary in speed and length (Schon, 1983) with some episodes as short as one or two minutes (Goel
& Grafman, 2000). Schon (1983) calls the zone of time where action can still make a difference
to a situation the “action-present” (p. 62). This can be minutes, hours, days, weeks, or months
(Schon, 1983). Interacting with episodes means that designers reframe the problem, develop a
problem-solution relationship, and manage the fact that a situation can have a life of its own.

From a high level perspective, when designers ask why, designers see an opportunity to
reframe a problem, redefine constraints, and be open to more innovative solutions (Brown, 2009;
Dorst, 2012). At the moment of reframing, a designer is not sure that the solution has been
discovered nor is the designer sure that the new problem can be solved, but the reframing lends
itself to a method of inquiry where the designer gains confidence (Schon, 1983). What is
happening is designers participate in problem structuring.

Comparing two architects designing a lab space, Goel and Grafman (2000) concluded the
interaction with episodes occur in a design phase level. First there is problem structuring where
the necessary prerequisite for solutions to ill-structured problems generate information missing

from the problem scenario so the problem space can be identified (Goel & Grafman, 2000). This
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then leads to the problem solving phases where designers: (a) generate preliminary designs and
explore ideas; (b) refine, elaborate, and develop ideas; and (c) detail specific final form of ideas
(Goel, 1995; Goel & Grafman, 2000). Preliminary design is creative, ill-structured problem
solving where alternatives are generated and explored (Goel & Grafman, 2000). Designers
reframe or transform laterally (Goel & Grafman, 2000) as they move from one idea to a slightly
different idea rather than embarking on a more detailed version of the same idea. The refining
and detailing phases (vertical transformations) are more constrained and structured where
commitments are made to a solution and spread through the problem space (Goel & Grafman,
2000). Lateral and vertical transformations (generating designs to refining ideas to detailing final
forms) have a role in moving a design project forward toward implementation.

Using protocols to study nine experienced industrial engineers, Dorst and Cross (2001)
concluded that defining and framing a design problem is key to creativity. Using different
strategies to approach a design assignment, designers define and frame based on the design
environment, resources, capabilities, and perception of the task (Dorst & Cross, 2001). Designers
in essence look at the problem and solution together, rather than problem first and solution
second.

Creative design is developing and refining together both formulation of problem and
ideas for a solution (Dorst, 2012; Dorst & Cross, 2001). “Co-evolution” is the constant iteration
of analysis, synthesis, and evaluation between problem and solution spaces (Dorst & Cross,
2001, p. 434). As designers develop partial solutions, designers realize the opportunities for
solution development (Cross, 2011; Goel & Grafman, 2001). In studies, expert design behavior
shows that designers move quickly to early solution conjectures and these conjectures are used to

explore and define the problems-solution relationship (Cross, 2011).
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In the problem-solution relationship, designers evaluate moves to frame in three ways: (a)
how desirable the consequences are, (b) by conformity or violation of the implications set up by
earlier moves, and (c) the appreciation of new problems or potentials that have been created
(Schon, 1983). In the “creative event” or interaction with a design episode, a chunk of
information is formed from the very beginning that then helps vision a core solution idea (Dorst
& Cross, 2001, p. 434). A solution idea changes a designer’s view of the problem so the designer
redefines the problem and checks if this fits the earlier solution. If it doesn’t, then the designer
modifies the initial solution (Dorst & Cross, 2001).

When designers move through the cycle of visioning the solution idea, redefining the
problem, and then modifying an initial solution, designers may realize that the situation has a life
of its own. Designers work through the problem-solution relationship and recognize that they
contribute to the relationship. But, designers also see that the situation has a life of its own,
which may foil their project and provide new meaning (Schon, 1983). Surprises can be the
source of situations having their own life. Surprises have a pivotal role in moving designers to
framing and reframing (Dorst & Cross, 2001). Surprises in problem-solution relationships drive
the creativity in design (Dorst & Cross, 2001). For example, in the midst of designing a customer
service representative training, an instructional designer may have to deal with changing
information. This change or surprise in new information may move the instructional designer to
a new design frame where she reflects again on the problem-solution relationship.

Through action with an episode, designers form the episode and make themselves part of
the situation. In problem framing, designers identify a problem-solution relationship (Dorst &
Cross, 2001). When designers interact with episodes, designers reframe the problem, develop a

problem-solution relationship, and manage the fact that a situation can have a life of its own.
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Studies of expert and outstanding designers show that an ability to frame is crucial to high-level
performance in creative design (Dorst & Cross, 2001).
Reflective Conversation with a Situation

Having a reflective conversation with a situation is at the crux of reflection-in-action.
Even though designers usually are unable to express what they know and have difficulty putting
their special skills and understanding into words, skilled designers do treat each design situation
as an “unique universe of one,” (Schon, 1998, p. 181). When designers have a reflective
conversation with a situation, they are reflecting-in-action.

The process of a reflective conversation with a situation has moving parts. A frame
experiment occurs when a designer is in a problematic situation, which he cannot make into a
manageable problem (Schon, 1983). Reflecting on what is in front of the designer and drawing
on prior understanding (repertoire of precedents), designers carry out a frame experiment that
helps to create a new understanding of the situation and change the situation (Schon, 1983). This
then helps keep a design project moving forward toward implementation. A reflective
conversation with a situation means a designer participates in a frame experiment, relies on and
builds up a repertoire of precedents, and continues to keep the design project moving forward.

Participate in a frame experiment. The experiment of reframing is a reflective
conversation with a situation, and successful reframing of a problematic situation results in a
continuation of the reflective conversation (Schon, 1983). A designer’s materials are always
talking back to him, which results in reflecting on unanticipated problems and opportunities
(Cross, 2011; Schon, 1983). When the situation talks back, the designer interacts with materials
and made artifacts, appreciates the context under which the artifacts are made, reframes the

situation, and then again appreciates the situation (Schoén, 1983; Schon, 1988). In the reflective
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conversation, the designer’s action to reframe the problem results in new discoveries which
result in new reflection-in-action where the unique and uncertain situation is understood through
attempts to change it and changed through attempts to understand it (Schén, 1983).

When complexity results in consequences that were not intended, a designer forms new
understandings and then makes new moves where the situation talks back and a designer
responds to the back-talk (Schon, 1983). Designers respond to the back-talk by drawing partial
solutions which aid a designer’s thinking process (Cross, 2011). Designers choose features of a
problem that they will deal with and note areas of a solution space where they will explore
(frame) (Cross, 2011). Designers reflect on their course of action (i.e. the progress of the
solution), monitor, and modify the solution (Cross, 2011). However, as a designer shapes the
situation to his frame, he stays open to the back-talk which may mean more uncertainty and
confusion (Schon, 1983).

Studying two engineering teams designing robots that dump balls, VValkenberg and Dorst
(1998) confirmed a direct approach to participating in a frame experiment. In the reflective
conversation with the situation, designers named relevant factors in the situation, framed the
problem in a specific way, made the move toward a solution, and then reflected on the moves
(Valkenberg & Dorst, 1998). Framing is very important as it is the space where moving toward a
solution and reflecting on the moves happens. Two interesting outcomes from this study were
that the team that won the robot competition spent more time reflecting (21% versus 8%) than
the team that lost, and the team that won reflected mostly at the beginning whereas the losing
team did all its reflection at the end (Valkenberg & Dorst, 1998).

Designers formulate a design problem that needs to be solved. To do this, designers

frame a problematic design situation, set boundaries, select things that need a designers’
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attention, and make the situation coherent so there is guidance in moves (Schon, 1988).
Reflective conversations are conducted with situations by designers participating in frame
experiments and then evaluating the experiments by: (a) whether the designer can solve the
problem that has been set, (b) whether the designer values what he gets when he solves it, (c)
whether they achieve in the frame a coherence of artifact or idea, (d) whether there is a
congruence with fundamental values and theories, and (e) whether inquiry can keep moving
(Schon, 1983).

Rely on and build up a repertoire of precedents. Designers draw on a repertoire of
precedents, which help give coherence, practicability, and alternative form to a concept (Cross,
2011; Dorst, 2008; Schon, 1983). Inside or outside of the project, a repertoire of precedents may
be as ambiguous as remembered images and recollection of other objects and as specific as
interests in aircraft design, space rockets, science fiction, comic strips, and organic evolution
(Cross, 2011). As a source for inspiration and idea generation, a repertoire of precedents may be
gathered from every possible source (Brown, 2009; Dorst, 2011).

The relationship between a repertoire of precedents and a frame experiment is one of give
and take. Designers give to reframing by drawing on a repertoire of precedents (Schon, 1983).
The take occurs when each new experience in reflection-in-action adds to the repertoire.
Reflection-in-action does not create general principles but contributes to a designer’s repertoire
of precedents (Schon, 1983).

A repertoire of precedents includes a designer’s whole experience outside and inside the
project that is accessible to a designer for understanding an action (Schon, 1983). Drawing from
outside of the project, a repertoire of precedents is seeing an unfamiliar situation as a familiar

one (Schén, 1983). From inside a project, a repertoire of precedents can come from the
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understanding of the situation in front of the designer. Through on-the-spot experiments from
drawing, sketching, and modeling, designers construct new problems and models not from
theories, but from the repertoire of familiar examples and themes (Schon, 1983). When a
designer draws from a repertoire of precedents inside a project, a designer can note the effects of
earlier moves on later moves (Schon, 1983).

An example of a designer drawing from a repertoire of precedents outside of the project
at hand is Philippe Starck and his design of the Juicy Salif lemon squeezer. Ideas can come from
anywhere as Starck was about to eat a piece of baby squid skewered on his fork and then realized
that it was the solution to his lemon squeezer problem (Lloyd & Snelders, 2003). Drawing from
science fiction, cartoons, and evolutionary theory, Starck participated in frame experiments
where he sketched, interpreted, and applied the form of a baby squid to the problem of squeezing
lemons. Reflecting-in-action, Starck ultimately solved the main problem by then delving into the
Juicy Salif’s sub-problems — exact dimensions, what material to use, and how to efficiently get
juice out of the lemon (Lloyd & Snelders, 2003).

In a case study of two designers, Roy (1993) presents designers using a repertoire of
precedents to transfer ideas and technology from one application to another application. Designer
James Dyson developed an idea for a ball-shaped wheel on a wheelbarrow from his engineering
experience where he learned about balloon tires (Roy, 1993). In designing a folding bicycle,
designer Mark Sanders turned to other folding devices because what existed among folding
bicycles did not satisfy him (Roy, 1993). Needing objects that had joints and that easily
disconnected, Sanders looked to baby buggies and seat belt clasps (Roy, 1993). In both case
studies, each designer immersed himself in frame experiments and looked to his repertoire of

precedents for ideas that could offer a solution. What happened was “visual brainstorming”
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where the two designers cultivated as many ideas as possible to clarify vague ideas and move
forward with the designs (Roy, 1993, p. 436). The designers early on, went to their repertoire of
precedents, which was knowledge of a process, certain materials, or admired and favorite
products and processes (Roy, 1993).

Keep the design project moving forward. When the moving parts (frame
experimenting and a repertoire of precedents) of a reflective conversation with a situation are in
action, what if turns to decisions that are binding, what can and what might happen turn to what
should or must happen, exploration becomes commitment, and possibility moves to imperatives
(Schon, 1983). A design project is not open-ended and ongoing. It has a beginning, middle, and
end. Designers may not like deadlines but deadlines can be a designer’s most creative constraint
(Brown, 2009). Frame experimenting means seeking opportunities to move forward, pushing
along what seems as promising ways, evaluating what has been achieved, and building toward
implementation (Cross, 2011; Schon, 1983).

When designers have a reflective conversation with a situation, they are reflecting-in-
action. Designers participate in frame experiments so they may gain a clearer understanding of
the situation and then change the situation. Participating in frame experimenting allows designers
to draw upon and build up a repertoire of precedents and continues to keep the design project
moving forward toward implementation.

Summary

The purpose of my literature review was to provide a clear and coherent examination of
the literature related to a connection between current trends in the evaluation processes of
designers across design fields and reflection-in-action within a design thinking space. My

literature review synthesized the literature into four closely interrelated themes. Supporting my
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four research questions, these four themes are: (a) reflection aligned with evaluation processes
across design fields, (b) the natural consequences of ill-structured problems, (c) designer
interaction with episodes, and (d) reflective conversation with a situation.

In regards to the first theme, evaluation processes used across design fields align with
five variations in reflection. For a designer, reflection may vary in five distinct ways: (a)
designers reflect and make judgments on what they tacitly know about their practice, (b)
designers reflect on strategies and theories that are embedded in behavior patterns, (c) designers
reflect on the feelings for a situation that leads to taking on an action, (d) designers reflect on
how a problem has been framed, and (e) designers reflect on the role that they have taken
(Schon, 1983).

For the natural consequences of ill-structured problems, Jonassen (1997) and Guindon
(1990) define ill-structured problems as ambiguous and incomplete specifications of goals that
have no predetermined solution path. Guindon (1990) adds to the over-arching definition by
contending that ill-structured problems require the integration of multiple knowledge domains. In
practice, design problems are uncertain and among the most complex and ill-structured problems
that designers will encounter (Cross, 2011; Jonassen, 2000; Schén, 1983). As a result, a
designer’s ability to design is dependent on coping with uncertainty (Cross, 2011). In the ill-
structured world of design, designers structure the problem, advance partial solutions, trigger
reflection-in-action, and develop the problem-solution relationship.

Regarding the third theme, designers interact with episodes. As designers interact with
external representations, design becomes episodic in that designers move to and fro between
design areas, take stock in the situation, and become immersed in a situation that has a life of its

own (Cross, 2011; Schon, 1983). Interacting with episodes means that designers reframe the
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problem, develop a problem-solution relationship, and manage the fact that a situation can have a
life of its own.

Finally, the core of reflection-in-action is designers having a reflective conversation with
a situation. As presented in the literature, the process of a reflective conversation with a situation
has moving parts. When a designer is in a problematic situation, which he cannot make into a
manageable problem, a frame experience occurs (Schon, 1983). Reflecting on what is in front of
the designer and drawing on prior understanding (repertoire of precedents), designers carry out a
frame experiment that helps to create a new understanding of the situation and change the
situation (Schon, 1983). This then helps keep a design project moving forward toward
implementation. In sum, when designers have a reflective conversation, they participate in a
frame experiment, rely on and build up a repertoire of precedents, and continue to keep the

design project moving forward.
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CHAPTER 3
METHODOLOGY

This phenomenological research design used an interactive methodology and included
multiple data collection methods. The purpose of the qualitative design was to study reflection-
in-action regarding three aspects of design activity. The methodology section is organized as
follows: participants, setting, data collection methods, data collection procedures and timeline,
trustworthiness, and data analysis procedures.
Participants

| obtained a purposeful convenience sample from four design fields: (a) architecture, (b)
engineering, (c) graphic design, and (d) instructional design. In all, 28 designers were invited to
participate and eight designers met the criteria, agreed to participate and, subsequently, received
permission from their organizations to participate. Three participants were graphic designers,
three participants were instructional designers, one participant was an engineer, and one
participant was an architect.

| used criterion sampling to obtain my participants. Participants: (a) were involved in a
short-term project that lasted between 37 to 87 days (average length was 64 days), (b) had at
least 5 years of design experience (c), were individually responsible for at least 75% of the
design work, and (d) were engaged in a non-routine, non-procedural design project. Engaged in a
non-routine, non-procedural design projects was selected as a criterion because the idea of
reflection-in-action is that unique and uncertain situations are understood through attempts to
change it, and changed through the attempt to understand it (Schén, 1983; Schon, 1988). A non-
routine design was one that lacked a well-formed approach to a solution (Snider, Culley, &

Dekoninck, 2013). Maintaining the process of most phenomenological studies, | engaged eight
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participants for a relatively long period of time (37-87 days) (Rudestam & Newton, 2007). Table

3.1 provides a summary of the eight participants.

Table 3.1

Summary of Participants

Participant Design Design Length of Design Project Description
Field Experience Design
Project

GD1 Graphic 6 years 73 days Design a website for a Midwest health
system.

GD2 Graphic 6 years 71 days Design a website homepage for a
Midwest private college.

E3 Engineering | 5 years 65 days Development of engine calibration to
80% calibration for a major international
car manufacturer.

ID4 Instructional | 20 years 39 days Facilitate car dealership DiSC Behavior
training for an international car
manufacturer.

GD5 Graphic 14 years 37 days Design a website homepage and interior
page for a Midwest law firm.

ID6 Instructional | 5 years 87 days Design anti-bullying training using social
media for a Midwest girls’ organization
winter camp.

ID7 Instructional | 8 years 81 days Design phase 2 of National Health Care
Reform training for customer service
representatives at a large Midwest
healthcare provider.

A8 Architecture | 18 years 58 days Design roof system development for six
individual U.S. Post Offices across the
United States.

Setting

My study took place at each participant’s workplace (where each participant does his/her
design work). Except for participant 1D4 who is self-employed and spends the majority of his
time traveling to car dealerships across the country, all participants worked in an office setting.

Each participant and | agreed on a project timeline, which included three to four key design
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project milestone events. After each milestone date, I met with each participant at his or her
place of work (where they did their design work) or via the phone. Including an initial study
kickoff meeting, | met with each participant two to four times. Due to her pregnancy, | only met

with participant GD5 twice.

Table 3.2

Summary of Participant Milestones and Kickoff and Interview Meetings

Participant Milestone Events Kickoff and Interview Meetings
[projected (completed)]
GD1 . Complete homepage design 1. Kickoff meeting (9/19/13)
[10/2/13 (10/17/13)] 2. Interview meeting (10/4/13)
. Complete interior page design 3. Interview meeting (10/25/13)
[10/25/13 (10/25/13)] 4. Interview meeting (11/18/13)
. Receive approval on designs
[11/15/13 (11/15/13]
GD2 . Design wireframe 1. Kickoff meeting (9/23/13)
[11/4/13 (11/4/13)] 2. Interview meeting (11/7/13)
. Start homepage design 3. Interview meeting (11/25/13)
[11/15/13 (12/8/13)] 4. Interview meeting (12/18/13)
. Complete homepage design
[12/2/13 (12/15/13)]
E3 . Trip prep 1. Kickoff meeting (9/28/13)
[10/11/13 (10/11/13)] 2. Interview meeting (10/16/13)
. Knock diagnostics 3. Interview meeting (11/2/13)
[10/30/13 (11/6/13)] 4. Interview meeting (11/20/13)
. 80% calibration
[11/11/13 (11/18/13)]
. 80% calibration to next application
[12/1/13 (12/1/13)]
ID4 . Dealership training 1. Kickoff meeting (9/29/13)
[11/26/13 (11/26/13)] 2. Interview meeting (12/6/13)
. Dealership training 3. Interview meeting (12/20/13)
[12/20/13 (12/18/13)]
GD5 . First homepage design 1. Kickoff meeting (9/29/13)
[11/4/13 (11/4/13)] 2. Interview meeting (11/26/13)
. Second homepage and first interior design
[11/15/13 (11/18/13)]
. Final homepage and interior design
[11/25/13 (11/26/13)]
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ID6 1. Complete content outline 1. Kickoff meeting (10/4/13)
[11/15/13 (11/15/13)] 2. Interview meeting (11/15/13)
2. Complete design document 3. Interview meeting (12/6/13)
[11/25/13 (11/25/13)] 4. Interview meeting (12/20/13)
3. Complete instructional design
[12/16/13 (12/16/13)]
ID7 1. Complete nine individual business units 1. Kickoff meeting (10/7/13)
[11/1/13 (11/5/13)] 2. Interview meeting (11/4/13)
2. Push all training to trainers 3. Interview meeting (11/19/13)
[11/15/13 (11/15/13)] 4. Interview meeting (12/10/13)
3. Clean up phase 2 instruction
[12/6/13 (12/31/13)]
A8 1. Complete talking to all sites 1. Kickoff meeting (11/9/13)
[11/30/13 (12/13/13)] 2. Interview meeting (12/6/13)
2. Half way point to complete developments | 3. Interview meeting (12/18/13)
[12/15/13 (12/15/13)] 4. Interview meeting (1/7/14)
3. Complete design developments
[12/31/13 (12/31/13)]

In order to gain access to these workplaces, | informed organization gatekeepers and
participants about my study so gatekeepers and participants could assess the costs and the risks
that participation will pose, both for themselves and the organization (Lincoln & Guba, 1985). |
provided a letter (see Appendix A for an example) that addressed why the organization and
participant should sponsor the study, what is in it for the organization and participant, in what
ways will I use the information collected, and how I will protect the organization and participants
from any harm (Lincoln & Guba, 1985).

Even though relevant gatekeepers provided consent, | received full informed consent
from each participant (Lincoln & Guba, 1985). | formally obtained fully informed consent
through a Behavioral Research Informed Consent sheet (see Appendix B) that appropriately
described the study’s purpose. Since this was an emergent study, | could not predict all the risks
involved when | had my first meeting with each participant. Therefore, each participant had the

option to withdraw from the study at any time (Lincoln & Guba, 1985).
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Prior to the initial meeting with each participant, | prepared the informed consent sheet
(appendix B) which included the following information: (a) my name, address, phone number
and email address; (b) a brief and sufficient description of the study; (c) my intent to preserve
confidentiality and anonymity; (d) my process to prevent raw or developed data from being
linked to a specific participant; () my means to limit access to coded data; (f) a participant’s
right to withdraw from the study at anytime; (g) the steps a participant takes to withdraw; and (h)
notice that participation is entirely voluntary (Lincoln & Guba, 1985). | provided each
participant an informed consent sheet, which they signed and kept a copy for reference.

Data Collection Methods

| collected data using multiple techniques that directly use human sources (interviews,
and participant reflective journals) and nonhuman sources (design project timeline and project
artifact analysis). In addition, | maintained a field journal.

Interviews. | conducted unstructured interviews (see Appendix C for an interview
protocol). After determining if the participant had met the milestone and after having the
participant describe and/or show what had been designed to that point, | asked participants to
clarify and elaborate on specific weekly journal reflections. The unstructured interview allowed
participants to define and structure the situation, and to introduce what he/she considered as
relevant instead of relying on my view of relevance (Lincoln & Guba, 1985).

Participant reflective journal. Participants kept an electronic reflective journal. To keep
the journal focused, participants reflected on a variety of reflection-in-action themes that |
provided (see Appendix D for weekly themes). Each week, seven of the eight participants

completed a reflective journal using a Google Drive document that we created together. Each
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participant had his/her own Google Drive document. Participant ID7 was not comfortable using a
Google Drive document. Instead, she used a word document to complete her weekly journal.
Although the number of weeks (see Table 3.3) a participant reflected varied due to the
length of each participant’s design project, each participant reflected on every journal reflection
theme presented in Appendix D. Weekly reflection journal themes were adjusted based on the
number of weeks a participant would reflect. For example, due to her pregnancy, participant
GD5 reflected three different times (November 2, 9, and 23). She reflected on all nine reflection
themes.
Table 3.3

Summary of Participants’ Weekly Reflection Journals

Participant | Number of weeks participant reflected

GD1 9 weeks

GD2 9 weeks

E3 10 weeks

ID4 8 weeks

GD5 3 weeks

ID6 10 weeks

ID7 10 weeks

A8 8 weeks

Design project timeline. My second research question was: What effect does reflection-
in-action have on keeping a design project moving forward toward implementation? In the
initial kickoff meeting, the participant and | agreed on key design project milestone events
(Table 3.2). We included these milestone events on a timeline document (see Appendix E).
During milestone event meetings, a participant and I referenced the design project timeline.

Project artifact analysis. As an external representation, design is constructed in public

so other people can read and comment on it (Cross, 2011). Designers draw, sketch, and model as
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a means of thinking out loud and as a process of criticism and discovery. During milestone event
meetings, a participant and | discussed external representations at that point. Participants GD1,
GD2, GD5, ID6, and ID7 shared actual artifacts during our interview meeting. Due to the
confidentiality of the artifacts, E3 and A8 were not able to share artifacts. As discussed in
chapters 4 and 5, Participant 1ID4 was unique as his design artifact was each day of the two-day
training session. Table 3.4 presents milestone artifacts.

Table 3.4

Summary of Participant Artifacts for Each Milestone

Participant Artifact for each milestone

GD1 Milestone — Complete homepage design
1. Homepage design that maintained current layout of current website
2. Homepage design that broke from the layout of current website

Milestone — Complete interior page design
1. Homepage design

2. Careers page design

3. News page design

4. Locations page design

Milestone — Receive approval on designs
Completed main page design for each main section

GD2 Milestone — Design wireframe
Homepage wireframe

Milestone — Start homepage design
Homepage design

Milestone — Complete homepage design
Completed homepage design

E3 Milestone — Trip prep
Test vehicle set up with calibrations

Milestone — Knock diagnostics
Test vehicle set up with calibrations

Milestone — 80%o calibration
Excel file with a list of values and variables

Milestone — 80% calibration to next application
Software containing the calibration
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ID4

Milestone — Dealership training #1
1. Day 1 of the two-day training session
2. Day 2 of the two-day training session

Milestone — Dealership training #2
1. Day 1 of the two-day training session
2. Day 2 of the two-day training session

GD5

Milestone — First homepage design
Homepage design

Milestone — Second homepage and first interior design
1. Second homepage design
2. Interior page design

Milestone — Final homepage and interior design
1. Final homepage design
2. Final interior page design

ID6

Milestone — Complete content outline

1. 10-page content outline

2. One page problem statement document
3. Learning outcomes document

Milestone — Complete design document
First draft of a design document

Milestone — Complete instructional design

1. Design document

2. Specification of training team members’ responsibilities
3. One page handout for Twitter training

4. Welcome package to initiate collaboration

5. Communication schedule

ID7

Milestone — Complete nine individual business units
1. Trainer guide
2. Trainee guide

Milestone — Push all training to trainers
1. Trainer guide with 9 units for individual business unit
2. Trainee guide with 9 units for individual business unit
3. Trainer guide with 4 units for large business unit
4. Trainee guide with 4 units for large business unit

Milestone — Clean up phase 2 instruction
Excel file that is a log with updates to trainer and trainee guides

A8

Milestone — Complete talking to all sites
Field information (drawings, sketch details, and photos)

Milestone — Halfway point to complete developments
Field study for each site that includes (drawings, sketch details, photo, and test
results)

Milestone — Complete design developments
Design development report for each site
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Field journal. I kept a handwritten field journal that included three forms of notes: (a)
log of day-to-day activities, (b) personal log, and (c) methodological log (Lincoln & Guba,
1985). The log of day-to-day activities was a calendar of appointments that included weekly
journal due dates for each participant and upcoming scheduled interview meetings. The personal
log was my diary which included my reflections about what | was thinking in relations to what
was happening with the study, a record of questions that | needed to follow up and discuss with
participants and a place to vent my frustrations (Lincoln & Guba, 1985). | kept a methodological
log to record notes from each interview meeting and methodological decisions that | made as the
study design process emerged.

Data Collection Procedures and Timelines

With each participant, | began my research relationship with a kickoff meeting. During
this meeting, the agenda consisted of: (a) validating that the participant met the selection criteria,
(b) reviewing the informed consent sheet, (c) understanding the design project, (d) establishing
milestone events, and (e) describing the participant’s responsibility for a reflective journal.

Participants were involved in a short-term project that lasted an average of 64 days, had
at least five years of design experience, were individually responsible for at least 75% of the
design work, and were engaged in a non-routine, non-procedural design project. All participants
met all four criteria. For each participant, Table 3.5 provides a brief description to the non-

routine, non-procedural makeup of the design project.
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Table 3.5

Description of Each Design Project’s Non-routine, Non-procedural Makeup

Participant Description of the design project’s non-routine, non-procedural makeup

GD1 To begin, no constraints were provided. Create a great user experience with only
what GD1 already knew.

GD2 First time GD2 designed a college website.

E3 First design project as a calibration specialist.

ID4 Due to varying DiSC results, each day of training at each dealership was different.

GD5 Design a law firm website with a younger feel.

ID6 First design project as the lead instructional designer. First time using Twitter.

ID7 Designing CSR training for National Healthcare Reform training which was ever-
evolving.

A8 Never visited a site in person. Relied on information from on-site consultants.

Once | validated that the participant satisfied the selection criteria, | verbally reviewed
the informed consent sheet with the participant and answered any questions he/she had. I had the
participant sign the informed consent and provided them with a copy. | reiterated that, at any
time, the participant could contact me via phone or email.

| asked the participant to describe the design project. | inquired what will be the final
design product or process and what external representations (drawings, sketches, models, and/or
process flows) were expected along the way. At this point, the participant and | established the
design project milestone events (Table 3.2). We tentatively scheduled the interview meetings
within three to five days following each milestone event.

To conclude the kickoff meeting, | described a participant’s responsibility to complete a
weekly journal using a Google Drive document. At the end of each week, a participant
journalized on a reflection-in-action theme assigned by me. Except for participant ID7 who used
a Word document, all participants completed reflection journals using the Google Drive

document. Each participant had his/her own Google Drive document and the participant and |
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were the only two sharing the Google Drive document. The reflection journal was cumulative.
Each week, a participant added a journal entry.

Within 48 hours of the kickoff meeting, | followed up with an email to the participant. |
provided the participant a Design Project Milestone Events sheet (see Appendix E for example)
which included: (a) milestone events and (b) weekly reflective journal due dates.

Following the Design Project Milestone Events sheet, approximately one week prior to a
milestone event, | contacted a participant via email to schedule a 30-60 minute interview
meeting. Although | conducted unstructured interviews, | used an interview protocol.

The agenda of an interview meeting (see Appendix F) had three interrelated items: (a) a
review of the design project timeline (why or why not the participant accomplished the milestone
events), (b) a collaborative analysis of external representations (what had been designed thus
far), and (c) an unstructured interview. The interview protocol helped pace the interview and
ensured that the meeting was productive (Lincoln & Guba, 1985). As the interview meeting
moved along, questions became more specific especially as we reviewed the design project
timeline, analyzed external representations of the design project, and had participants clarify and
elaborate on journal reflections. When concluding the interview, | summarized what | believed
the participant had said. This method had advantages as it allowed the participant to react to the
validity of my conclusions, provided an opportunity for the participant to add new information to
my conclusions, and put the participant on record (Lincoln & Guba, 1985). I ended the interview
with a thank you, a request to contact me via phone or email if the participant thought of
anything more to add, and a look ahead to the next milestone event date.

To maintain trust with each participant, 1 took only handwritten notes during interviews.

Immediately following each interview meeting, | reviewed my notes in order to jog my memory
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of what was said. This allowed me to elaborate on the interview notes and compare the interview
notes to the timeline and external representation. My comments and notes were marked as JB to
distinguish them from a participant’s responses. Closely looking at the interrelation of the three
items from an interview meeting, | began triangulation of the data. Once | reconstructed the
interview meeting via a Word document, | sent a summary document to the participant to review
and check that the interview meeting summary was accurate.

After approval by the Wayne State University Investigational Review Board, | began my
data collection on September 19, 2013 and concluded my data collection on January 7, 2014.
Since | studied eight different designers working on relatively short design projects (average of
64 days), | attempted to stagger the design projects. Participant A8 was the last participant to
begin a design project, starting on November 9, 2013.
Trustworthiness

| established trustworthiness using four criteria: (a) credibility, (b) transferability, (c)
dependability, and (d) confirmability (Lincoln & Guba, 1985). | used the same means to verify
dependability and confirmability. The following explains how | met the trustworthiness criterion
for each.

Credibility. 1 used four techniques to confirm credibility: (a) prolonged engagement, (b)
persistent observation, (c) triangulation, and (d) member checks. Each is discussed below.

Prolonged engagement. Since design projects lasted, on average, 64 days and since |
interviewed each participant two to four times, | had the opportunity to understand each
participant’s design project context. In addition, my period of prolonged engagement allowed me
to build trust with each participant. This resulted in demonstrating that I would not use a

participant’s confidence against him or her, that | would honor a participant’s anonymity, that I
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ensured no hidden agendas surfaced, and that | included a participant in the inquiry process
(Lincoln & Guba, 1985).

Persistent observation. Over the life of the design project, | met with each participant
two to four times and received a weekly journal from seven of the eight participants over an
eight to 10 week span. Participant GD5 reflected on all journal themes three times over 23 day
span. | constantly engaged in emerging salient factors and then had the opportunity to explore
these factors in more detail.

Triangulation. | analyzed my four research questions from multiple perspectives using
sources triangulation and methodological triangulation (See Table 3.6). | met sources
triangulation by connecting with eight designers in four different design fields (architecture,
engineering, graphic design, and instructional design). | satisfied methodological triangulation by
using different data collection methods (unstructured interviews, participant reflective journals,
design project timeline, and project artifact analysis) that are closely interrelated.

Table 3.6

Methodology Data Sources and Methods

Research Question Data Source Collection Method Analysis Method
What is the impact | 1 architect 1. Interviews Constant Comparative Method
of reflection-in- 1 engineer 2. Participant 1. Compare information
action on 3 instructional reflective journal units applicable to
evaluation designers 3. Project artifact categories

processes while a | 3 graphic analysis 2. Integrate the properties
design isin designers 4. My reflective of categories

progress and not journal 3. Set limits on categories
yet complete? Me as researcher
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What effect does 1 architect Interviews Constant Comparative Method
reflection-in-action | 1 engineer Participant 1. Compare information
have on keepinga | 3 instructional reflective journal units applicable to
design project designers Project artifact categories
moving forward 3 graphic analysis 2. Integrate the properties
toward designers Design project of categories
implementation? timeline 3. Set limits on categories

Me as researcher My reflective

journal

What impact does | 1 architect Interviews Constant Comparative Method
the design’s 1 engineer Participant 1. Compare information
problem-solution 3 instructional reflective journal units applicable to
relationship have designers Project artifact categories
on the reflection- 3 graphic analysis 2. Integrate the properties
in-action process? | designers My reflective of categories

Me as researcher

journal

3.

Set limits on categories

What impact does
a designer drawing
from a repertoire of
precedents inside
and outside of the
project have on the
reflection-in-action
process?

1 architect

1 engineer

3 instructional
designers

3 graphic
designers

Me as researcher

Interview
Participant
reflective journal
Project artifact
analysis

My reflective
journal

Constant Comparative Method

1.

Compare information
units applicable to
categories

Integrate the properties
of categories

Set limits on categories

Member checks. For each interview meeting, | performed two member checks: (a) at the

conclusion of the interview and (b) after | had reconstructed the interview. At the conclusion of

each interview, | summarized what was said and allowed the participant to validate the

discussion, correct any errors, and provide additional information. After | had reviewed the

interview data and reconstructed the interview via a Word document, | sent a participant an

interview meeting summary document via email and requested that the participant check the

document for accuracy.

Transferability. By providing a “thick description”, 1 enabled others interested in

making a transfer to attain their own conclusion about whether or not transfer is a possibility
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(Lincoln & Guba, 1985, p. 316). Using a purposeful sample of eight designers from four design
fields assisted in providing a wide range of information that | included in my thick description.

Dependability and confirmability. My field journal was my reflective journal. As
needed, | recorded a variety of information about myself and about the study’s methods. My
field journal had three separate parts. | kept a schedule of upcoming weekly reflection journal
and interview meeting due dates and recorded notes during interview meetings. | maintained a
personal diary which was a release for personal tension and anxieties, a means to reflect on what
was happening in regards to my values and interests, and a place to speculate on evolving
insights (Lincoln & Guba, 1985). Finally, my field journal included a methodological log where
| tracked methodological decisions and my reasoning behind the decisions.

Data Analysis Procedures

| used constant comparison to analyze my data. As | continuously collected data via
reflection journals and interview meetings, | simultaneously processed the data (Lincoln & Guba,
1985). The following describes how I used the constant comparison method.

Compare information units applicable to categories. After each journal reflection and
interview meeting, I reflected on a participant’s responses by making notes on the journal
reflection and interview meeting summary (for an example see, Appendix G, page 135, line 12).
Once a participant had completed all reflection journals and all interview meetings, I placed all
of a participant’s reflection journals and interview meeting summaries in one document in
chronological order (Appendices G — N).

After all participants had completed their reflection journals and interview meetings, |
compared coded information units. A unit was a small chunk of information that | interpreted

without additional information except for an understanding of the context (Lincoln & Guba,
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1985). Units came from interviews and participant reflection journals. When | found a unit, |
copied the unit from either a reflection journal or interview meeting summary and placed it in a
working categories Word document (Appendix O). | coded each information unit by: (a) the
participant, (b) the data collection event (specific reflection journal or specific interview
meeting), and (c) line reference (Lincoln & Guba, 1985). For example, information unit code
GD1WJ3(168) meant participant GD1, week three journal (WJ3), and line 168 in the Participant
GD1 Reflection Journals and Interview Meetings document (Appendix G).

I placed units in one of four categories. Categories were the four research questions. This
began as a straightforward process as | took the first coded information unit and placed it under
one of the four research questions. With each successive coded information unit, | compared the
unit with previous units and placed under one of the research questions. As | analyzed more and
more data, themes began to develop under each research question. If a unit did not fit in a theme
under a research question nor seemed to establish a new theme, | placed the coded unit in a
miscellaneous theme under a research question (Lincoln & Guba, 1985).

Constantly analyzing data, once a category contained six to eight information units
(Lincoln & Guba, 1985), | started reflecting on a category’s themes including a title, rules, and
definitions. | reviewed each unit in a category theme to ensure that it still fit in the theme.
Through continuous analysis, simultaneous processing, and reflection, I moved my judgments of
“look-alikeness” and “feel-alikeness” to category themes (Lincoln & Guba, 1985, p. 342).

Integrate the properties of categories. As my data collection continued, 1 shifted from
comparing units with other category units and started comparing units with the properties of the
category (Lincoln & Guba, 1985). If a unit did not fit with a category’s rules and definitions,

then | looked to: (a) ensure that the information unit was one chunk, (b) un-assign but not discard
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the unit, (c) construct a new category, (d) create a category theme, or (e) redefine the category.
Integrating the properties of categories helped surface relationships between categories. My later
data collection work brought out a category’s properties, filled gaps in a category, and made
sense of inconsistencies within categories (Lincoln & Guba, 1985).

Once | had established categories, category themes, and units within the themes
(Appendix O), I reviewed the working categories Word document with another person adept in
qualitative data analysis and reflection-in-action. Equipped with the working categories Word
document and each participant’s reflection journal and interview summaries (Appendices G —
N), my data analysis assistant helped with bringing out categories’ properties, filling gaps in
categories, and making sense of inconsistencies within categories. After she reviewed the
categories, category themes, and information units, we met again to discuss her reflections. At
this point, we agreed on the categories, category themes, and information units within category
themes.

Set limits on categories. My categorization goal was to establish categories that are
internally homogeneous and externally heterogeneous (Lincoln & Guba, 1985). By constantly
collecting and processing data, as described above, my later data collection efforts did not result
in new categories. At this point, | used four criteria to determine that it was time to stop
collecting and analyzing data (Guba & Lincoln, 1985). Had | exhausted all my data sources
without recycling back to the participants? Were my categories saturated where collecting
additional data turned out small increments of information as compared to earlier data collection
and analysis? Did | sense an integration of categories? Had new information stopped

contributing to the emerging category themes? In order to ensure that my criteria were met, the
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data analysis assistant and | reviewed all categories again to ensure that | had not overlooked or
missed anything.
Summary

My phenomenological research design studied reflection-in-action regarding three
aspects of design activity. The qualitative approach used a purposive convenience sample of
eight participants and took place in each participant’s work setting. I used five data collection
methods: (a) interviews (b) participant reflective journals, (c) design project timeline, (d) project
artifact analysis, and (e) my field journal. Through January 7, 2014, | collected data, and I
established trustworthiness through credibility, transferability, dependability, and confirmability.
| used a constant comparison method to compare information units applicable to categories,

integrate properties of categories, and set limits on categories.
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CHAPTER 4
RESULTS

This phenomenological research design used an interactive methodology and multiple
data collection methods to study reflection-in-action. The purpose of my interdisciplinary
research was to study reflection-in-action regarding three aspects of design activity. This study
addressed:

1. What is the impact of reflection-in-action on evaluation processes while a design is
developing and not yet complete?

2. What effect does reflection-in-action have on keeping a design project moving forward
toward implementation?

3. What impact does the design’s problem-solution relationship have on the reflection-in-
action process?

4. What impact does a designer drawing from a repertoire of precedents inside and outside
the project have on the reflection-in-action process?

The eight study participants came from four design fields: (a) architecture, (b)
engineering, (c) graphic design, and (d) instructional design. Three participants were graphic
designers, three participants were instructional designers, one participant was an engineer, and
one participant was an architect.

Using criterion sampling, participants: (a) were involved in a short-term project that
lasted between 37 to 87 days (average length was 64 days), (b) had at least 5 years of design
experience (c), were individually responsible for at least 75% of the design work, and (d) were

engaged in a non-routine, non-procedural design project (Table 3.1). In regards to non-routine,
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non-procedural design projects, participants engaged in designs projects that lacked well-formed
approaches to solutions (Snider, Culley, & Dekoninck, 2013) (Table 3.5).
Maintaining the process of most phenomenological studies, | engaged eight participants
for a relatively long period of time (average of 64 days) (Rudestam & Newton, 2007). As a
result, under each of the four research questions, themes emerged as | constantly engaged in
developing salient factors and then had the opportunity to explore these factors in more detail.
This chapter provides the qualitative results for the four research questions. The chapter
is organized by research questions. Under each research question, | provide support for themes
that emerged from the participant reflection journals and interview meetings. Table 4.1
summarizes the themes that emerged under each research question
Table 4.1

Summary of Themes Under Each Research Question

Research Question Themes
What is the impact of reflection-in- 1. Participants’ reflection-in-action aligned with the
action on evaluation processes while a definition of reflection-in-action.
design is in progress and not yet 2. When participants reflected-in-action, they took
complete? stock in and reacted to external representations,

which were rich in context, information, and
constraints.

3. Participants reflected-in-action knowing the
purpose and reality of the design project.

4. During design, participants looked to and relied
on information while they reflected-in-action.

5. Participants reflected-in-action not realizing that
they were reflecting-in-action.
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What effect does reflection-in-action
have on keeping a design project
moving forward toward
implementation?

. As reflection-in-action moved the design project

Participants interacted with information and a
lack of information, which kept the design
project moving forward.

Participants moved the project forward knowing
that design opportunities and improvements still
existed.

Participants moved the design forward toward
implementation by turning “what ifs” to design
decisions.

forward, participants managed uncertainty.

What impact does the design’s
problem-solution relationship have on
the reflection-in-action process?

. As participants reflected-in-action, opportunities

. As participants reflected-in-action, problems

Through receiving and gathering information
and working with constraints, participants better
understood the problem-solution relationship.

emerged from the problem-solution relationship.

were uncovered from the problem-solution
relationship.

What impact does a designer drawing
from a repertoire of precedents inside
and outside of the project have on the
reflection-in-action process?

Participants drew from anything and everything.
Drawing from outside of the design validated
design direction, guided the design, and provided
“what ifs”.

Drawing from inside the design informed what
could and could not be done, supported the
design purpose, and guided the design.

Drawing on participants’ experience provided
design context and made uncertainty more
certain.

Research Question #1

Research question #1 was: what is the impact of reflection-in-action on evaluation

processes while a design is developing and not yet complete? Five themes emerged under

research question #1.:

1. Participants’ reflection-in-action made an impact on the design project.

2. When participants reflected-in-action, they took stock in and reacted to external

representations, which were rich in context, information, and constraints.
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3. Participants reflected-in-action knowing the purpose and reality of the design project.

4. During design, participants looked to and relied on information while they reflected-in-
action.

5. Participants reflected-in-action not realizing that they were reflecting-in-action.

Participants’ reflection-in-action aligned with the definition of reflection-in-action.
For this study, reflection-in-action meant that participants engaged in unique and uncertain
situations. Participants understood unique and uncertain situations through attempts to change
them, and changed through the attempt to understand them (Schon, 1983; Schon, 1988). There
were multiple clear examples of participants’ reflection-in-action aligning with what it means to
reflect-in-action. In turn, this reflection-in-action had an impact on the design project.

As GD1 progressed with her design project and began working with a website developer,
she took stock in unique situations, reflected on the situation, and then made changes. In one
design episode, GD1 changed the shape of the search form fields and buttons in order to ensure
that the shapes would be consistent across all browsers and assist in development (Appendix G,
page 151, line 168). As GD1 explained, “It changed the visual affect but with some tweaking it
looked fine and will help the developer save lots of time too,” (Appendix G, page 151, line 168).

In a similar episode, GD1 explained:

Second, the developer showed me how the find a doctor section was coming along and

we both noticed how weird the results list looked when it included doctors without

images, so we decided to make a generic 'no photo' image to replace the gaps and keep
consistency in the layout. It was nice because we decided, | made the image and it was
executed. There was no consultation with the client or a PM. We just knew it would be

Isi(;r:it%?g easy to do that would solve a problem we discovered. (Appendix G, page 151,

In both episodes, reflecting-in-action impacted the design project. By reflecting-in-action

at that moment and making a change prior to the build, GD1 helped the efficiency of the
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website’s build and helped avoid problems (browser and Find a Doctor section layout
inconsistencies) surfacing later in the build.

GD5 faced a unique situation where she needed to give a law firm website a younger feel.
GD5 designed an approach that could work but was troubled by what color band she should use
(Appendix K, page 219, line 29). GD5 explained, “Typically, what I will do is make duplicates
of the same thing,” (Appendix K, page 219, line 30). In this design episode, GD5 had four
versions and she played one version off another version. “I turn them on and off so it is a quick
peek-a-boo,” contended GD5 (Appendix K, page 219, line 32). She continued, “It is literally a
process of elimination,” (Appendix K, page 219, line 33).

For GD5, all four versions were viable solutions. As GD5 understood where she was
going with the younger feel website design, she took stock in the color bands and reflected on
which one worked best with the rest of the homepage design comp.

E3 had a specific complex and uncertain situation which was the essence of reflection-in-
action. As he explained:

A unique and uncertain situation has been trying to develop an SPI calibration for my
engine. SPI is stochastic preignition, a phenomenon in turbo engines. | have to develop a
calibration that will detect when SPI occurs and react to it appropriately. SPI is a fairly
new phenomenon and it’s not completely understood how or why it occurs. The current
thought is that oil droplets enter the combustion chamber and spontaneously combust
under the immense pressure and temperatures that occur during turbocharged conditions.
The thing about trying to calibrate a detection algorithm for SPI is that you need to get an
SPI event. These events don’t occur regularly, and there is even question as to the
mechanism that causes SPI. Thus, | have to try to induce SPI without knowing exactly
how to do that. So as | try different speed/load, temperature, spark timing, etc. conditions,
| am gaining better understanding as to how SPI occurs in an engine. And while | try to
get SPI to occur several times on an engine, SPI is damaging to the engine, so I don’t
want to overdo it. So to reiterate, I am trying to induce SPI, which I don’t know exactly
how to induce it because I don’t completely understand the phenomena. Then I am trying
to induce enough SPI events so | have a good dataset with which to characterize an SPI
event and then hopefully gain enough understanding that | can keep the engine from
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having an SPI event occur at all, as opposed to just waiting for it to happen and reacting
to it. (Appendix I, page 191, line 86)

E3 took stock in the situation by trying to understand the unique and uncertain situation
of SPI by trying to induce SPI (change the unique and uncertain situation) and by inducing SPI
attempt to understand how to keep an engine from having an SPI event. E3 impacted his
calibration as he was proactive. As he concluded in trying to induce a SPI event, “...hopefully
gain enough understanding that | can keep the engine from having an SPI vent occur at all, as
opposed to just waiting for it to happen and reacting to it,” (Appendix I, page 191, line 86).

For E3, a design frame was a day’s worth of driving, testing, and reflecting-in-action. He
noted, “In vehicle, I can change things on the fly and see how it responds to change. I have this
ability,” (Appendix I, page 188, line 50). While driving in a car set up with a combination of
calibrations, E3 further described that often he sees something, grabs data, analyzes it, and then
makes changes for the next day (Appendix I, page 188, line 51).

While facilitating DiSC Behavior workshops at car dealerships, 1D4 often found himself
making changes for the next day and on the fly during a workshop. ID4 always reflected-in-
action. ID4 pointed out, “The design will need to be furthered altered, ‘on the fly’ during the
training event to assure the intent of the design achieves desired results,” (Appendix J, page 204,
line 20). In one workshop, ID4 faced a unique situation as two of the three leadership
participants left the workshop. 1D4 took stock in the situation and changed from facilitation to a
coaching session. This change had real impact as the one remaining participant, who had been
quiet and reserved, opened up and provided insightful feedback. About throwing the book
(leader guide) out (Appendix J, page 208, line 73) ID4 revealed, “The tone of the room changed.

It was powerful and he really got into it,” (Appendix J, page 208, line 71).
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In another workshop, 1D4 was faced with a physical setting change to a smaller room.
ID4 understood the situation, threw out the playbook again, and designed an intimate highly
engaging session. He concluded, “I am not sure if it would have been as engaging with a larger
room. It was like people sitting around the kitchen table and talking,” (Appendix J, page 211,
line 124). In both unique and uncertain situations, ID4 changed potentially disastrous workshops
into intimate and engaging sessions.

Like 1D4, ID7 often found it necessary to reflect-in-action on the fly as she designed
National Healthcare Reform training for customer service representatives. After frustration in
designing, “disjointed, confusing, training materials” (Appendix M, page 242, line 38), ID7
reflected-in-action:

As | drove home that night, I realized my folly. | was starting with the M and B job
functions not the CSR job functions. | determined that CSRs needed to know four basic
things. The next morning, | made a very general design document that identified four
main tasks, and several sub tasks. (Appendix M, page 243, line 39)

ID7 reflected-in-action and realized that what she had designed was disjointed and
confusing. Her design frame informed a new design frame where she better understood that she
was starting with M and B job functions and not the CSR job function. She made changes
focusing on the four things that a CSR needs to know. Moving to a new design frame impacted
the design.

Unlike 1D4 and ID7, ID6 had time and space to pilot how Twitter could be used in her
design. This provided an opportunity to reflect-in-action on the impact of the number of tweets
that are sent. ID6 explained:

To really work through this idea, I decided to ‘pilot’ this idea on a friend of mine. I

mentioned that | am working on a project and something that | was trying to figure out is
how many tweets are too many or too little. | asked my friend if she would be interested
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in helping me out with something that would provide insight as to how my design should
move forward. (Appendix L, page 226, line 37)

ID6 continued:

I didn’t tell her anything about the design or what | was doing just that it involved
tweeting. At the start of the next day | sent a motivational tweet (if you will) to my friend.
It said “Be Inspired, Be Inspiring”. | checked and my friend retweeted the tweet | sent
out. About an hour later I sent out another tweet on motivation, this time | attached a
picture with a motivation quote. In this situation not only did my friend retweet what |
sent, I noticed that other ‘twitter’ participants retweeted the information as well. So |
continued this throughout the day collecting information from my friend’s tweet. At the
end of the day | sent a total of 5 tweets to my friend. So | asked a couple of questions
about what it felt like to get the tweets all day, did she feel pressured to respond etc. |
learned that she did not feel pressured to respond and in fact she felt it was like a little
motivator throughout the day. At least from this little pilot, |1 have an idea of one
person’s perspective on tweets. | am not sure how all the campers will feel, but at least |
know that | will start with 5 tweets, watch the twitter feed throughout the day and then
send additional supportive or scaffolding tweets as necessary. (Appendix L, page 226,
line 39)

Through her pilot, ID6 created a design frame where ID6 gathered information and made
a reasoned judgment on how five tweets might work. This reflection-in-action directly impacted
the actual design.

GD?2 used information from a project manager and his own interactions with a college’s
current website to understand the unique and uncertain situation. He then used this understanding
to change the problem by redefining the underlying marketing message of the website. In turn,
this was a catalyst for providing a different set of constraints for the design problem. GD2
illustrated:

In this instance the ‘design problem’ is that the college’s homepage has no real hierarchy

on its page, further it is not speaking to its target audience, instead it seems more focused

on its own achievements rather than its prospectives. Furthermore, the site looks dated,
but this was only half of the problem. After speaking with the PM | came to understand
that the college is a smaller, less overwhelmingly bureaucratic school. But instead of
playing on this strength, they seem more focused on fabricating a reality where they are

bigger. This begs the question, Why, in a time when colleges are seen as big and fairly
freedom-starve restrictive machines would a college want to fit in to the normal college
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scene? The new thing is to be small, focused, independent and passionate. This will get

applications from prospectives that would fit best at their college. (Appendix H, page

169, line 23)

Participants impacted their design projects by reflecting-in-action. Multiple times
participants’ reflection-in-action aligned with what it means to reflect-in-action - understand
unique and uncertain situations through attempts to change them, and change through the attempt
to understand them (Schon, 1983; Schon, 1988).

When participants reflected-in-action, they took stock in and reacted to external
representations, which were rich in context, information, and constraints. What participants
produced at each milestone is summarized in Table 3.4. Throughout a design project, a
participant took stock in and reacted to an external representation. The external representation
was a partial solution and was rich in context, information, and constraints. Rich external
representations are rooted in authentic situations (real-life, informative, and engaging) and are
represented so that they allow for reflection-in-action (Huybrechts, Schoffelen, Schepers, &
Braspenning, 2012).

Plain and simple, E3 could not produce a cup of calibration. However, this did not keep
E3 from taking stock in and reacting to external representations. E3 explained:

So a cal (short for calibration) ends up being a series of tables and values essentially.

Some tables are two-dimensional, other tables are three-dimensional. So a two-

dimensional table can be plotted and it would be a line. And even if I can’t think of a

fundamental engineering reason for why the line should have some sort of form (linear,

exponential, parabolic, etc.), | always tend to want to have the calibration take some sort
of form because | assume an engine operates according to a set of physical laws even if |
don’t know what laws they are. The same goes for three-dimensional tables. But instead
of being plotted as a line, these are plotted as a surface. And I literally say, “oh that is

ugly”. (Appendix I, page 186, line 32)

E3 described that a spreadsheet visualizes calibration, “just like a design or painting,”
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(Appendix I, page 189, line 74). For E3, visuals delivered necessary information faster and kept
the design project moving forward. E3 elaborated:

The saying that pictures are worth a thousand words is very true. But honestly in the

technical realm, sketches are more clear and deliver the necessary information faster.

Don't get me wrong, some verbiage is needed to convey thoughts, but for the most part, a

sketch goes a much longer way. (Appendix I, page 198, line 186)

Like E3, A8 interacted with visuals such as drawings and photographs. In order to
double-check the drawings and photographs, A8 took stock in written work. Together written
words and drawings provided rich context, information, and constraints for the six post offices
roof designs. A8 explained:

| like to work the written word and drawings together. Flipping back and forth between

the two. | feel this allows for the best complete design. It is a double check. If something

is drawn then it must also be described in the specification. Describing the product and

how that product should be installed. (Appendix N, page 264, line 100)

ID4’s external representations were not typical instructional design representations like a
design document, facilitator guide, or participant guide. ID4’s external representations were what
was happening in the workshop. The results of DiSC behavioral evaluations at each dealership
provided the richness in context, information, and constraints. During a workshop, 1D4 was
always reflecting-in-action. “I think for me, I am constantly taking the pulse of the group,”
(Appendix J, page 212, line 128). ID4 continued, “I watch their body language. I am always
watching for it,” (Appendix J, page 212, line 130). Watching workshop participants’ body
language was how ID4 understood unique situations. With this understanding, ID4 made changes
on the fly which impacted the workshop participants’ experience.

Working within the 140-character constraint of Twitter and with her unfamiliarity and

uncertainty with using Twitter for the instructional design, ID6 used a website that allowed her to

type a few potential training tweets and then took stock in what the tweets would look like on a
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cell phone. ID6 concluded, “I think it was helpful to do this as it reminded me that even 140
characters can look long on a small screened cell phone,” (Appendix L, page 232, line 104).

In order to react to the context of the girls’ winter camp, ID6 sketched what a tweet
would look like on a mock iPhone. This validated the constraint of a 140-character tweet and
provided information regarding what should be the length of the instructional tweets.

ID6 interacted with a variety of external representations (Appendix L, page 234, line 158)
that served as the structure for her instructional design solutions. When reflecting-in-action, 1D6
used a note feature on her iPhone. In order to reflect-in-action on message design challenges, she
sketched the tweets on a mock iPhone screen. To take stock in a pilot that provided insight in
how people would respond to instructional tweets, ID6 mapped out the responses. Finally, ID6
used a mind map/decision tree visual to represent her design document.

With the ever-changing National Healthcare Reform information, 1D7 constantly found
herself taking stock in the information that she had at the moment. “I needed to see things. |
needed to label it. I needed to see it in different colors,” (Appendix M, page 250, line 143). 1D7
added, “I was able to see visually what I had to do,” (Appendix M, page 250, line 144).

When ID7 reflected-in-action on an external representation, she understood the situation
and with more information she changed the instructional design. This provided structure to
partial solutions that developed into 11 instructional design units (Appendix M, page 250, line
145).

Participants took stock in and reacted to external representations. External representations
were rich in context, information, and constraints. Reflecting-in-action on what they saw,

participants interacted with rich external representations and designed partial solutions.
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Participants reflected-in-action knowing the purpose and reality of the design
project. For participants, their design projects had a beginning, middle, and end. As they
reflected-in-action, they took stock in the purpose and reality of the design project. For example,
knowing the time constraints was one example of participants having a good grasp of their
design reality.

E3 made it clear that he prefers to react to visuals. However, time constraints and
deadlines meant that he cannot take a lot of time reacting to external representations. “It is more
a preference thing. I like to take a minute then get back to reality,” (Appendix I, page 201, line
225).

For E3, the design project reality was that his calibration was a partial solution. He
understood that the calibration would be refined for later model years. This did not halt
reflection-in-action. The reality of the time constraint for this model year did not kill exploration
of opportunities for later model years (Appendix I, page 199, line 198). In discussing a trip to
Colorado to test altitude development, E3 commented:

...the vehicle/vehicles that I need to continue my own development work will be on the

trip, so | need to go, just to get in-vehicle time. The trip also provides valuable real

driving time in the vehicle as opposed to just driving on a track. And this is where you

discover many problems and opportunities. (Appendix I, page 185, line 19).

E3 always designed with purpose in mind. He noted, “At the end of the day, that (car) is
the product. Final external product is the car,” (Appendix I, page 185, line 48).

In designing a new look and feel to a large health system website, GD1 embraced
purpose and reality and allowed them to drive her reflection-in-action. She commented:

Reality doesn’t scare me or stop me from being creative. In fact, I tend to do better with

more information, goals, and restraints of the build/technology because anyone can be
creative without limits, but when tested by fire (in this case reality) the real problem



61

solving and creativity comes out. If I’'m included in the process, all the better. (Appendix
G, page 140, line 56)

As the design project progressed, GD1 found herself satisfying the purpose (an impactful
user experience) and reality (launching the site). This came to a head when the client wanted
GD1 to adjust the color and style of buttons. After taking stock in the buttons, GD1 understood
what the client was requesting and then, “...switched the button text from white to the buttons
color and the button’s color to a light grey,” (Appendix G, page 151, line 170). GD1 first
concluded that this satisfied the user experience as, “...the user can still tell they are buttons,”
(Appendix G, page 151, line 170). Second, GD1’s solution kept the design project moving
forward. “Changing only the colors also meant that I didn’t have to change as much in all the
designs created before the one the client requested it on. So a lot of time was saved,” (Appendix
G, page 151, line 170).

Just like the car will be produced, the healthcare system website will launch, ID4’s
workshops happened. ID4 designed with a sense of inevitability that his DISC behavior
workshops would occur. “The most important thing for me is what is real and what will make a
difference,” (Appendix J, page 209, line 82).

ID7’s reality was constant evolving information related to National Healthcare Reform.
She summarized, “Our difficulty lay in that we were trying to hit a moving target. Information
was constantly changing, thus the demands of the work groups constantly changed,” (Appendix
M, page 248, line 101). As the constant information changes became an instructional design
problem, the way ID7 reflected-in-action adjusted. ID7 explained, “I am not sure how much I

tried to understand situations by trying to change them, as much as | just constantly tried to adapt
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to the changes that were dictated by the constantly evolving information,” (Appendix M, page
248, line 102).

GD2 simply put the reality of his design project, “Designers are just not designing,”
(Appendix H, page 180, line 176). In order to engage in the design, GD2 had to deal with the
realities of assets and what he had access to and what he did not have access to. For GD2,
reflection-in-action was affected by a lack of approved imagery from the college. Instead of
reflecting-in-action on the constraints of specific images, GD2 had to take stock in a design that
had to accommodate unknown images. GD2 summed up the reality of this situation. “As long as
they (client) are happy, | am happy. They have a solution,” (Appendix H, page 181, line 197).

ID6 reflected-in-action on the reality of what could happen with Twitter. She took stock
in that girls at the winter camp may not tweet, may go in the wrong direction with tweets, or
experience unforeseen tweet situations. Knowing that the purpose of her bullying prevention
instructional design is to use Twitter, 1D6 reflected-in-action on using follow-up tweets to solve
the reality of what could occur. She noted, “It is sort of like a decision tree. If they are going in
the wrong direction then this, or if no one is tweeting go this way,” (Appendix L, page 233, line
131).

ID6 was not the only participant who reflected-in-action on the reality of what could
happen. In Phase 1 of National Healthcare Reform, ID7, after consultation with work groups,
posted answers to questions from trainers in a log on SharePoint. She further explained, “We
then had to have sort of a Phase 1b training, where the trainers went out to the line areas and
rolled out additional information of CSRs (approximately I hour). We will probably do that

again,” (Appendix M, page 250, line 147).
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As participants reflected-in-action, they took stock in the purpose and reality of the
design project. At times, the reality was the here and now, and at other times, reality was what
could happen for a new model year, during a girls’ winter camp, and in the middle of CSR
training.

During design, participants looked to and relied on information while they reflected-
in-action. Information fed participants’ judgment which impacted how participants took stock in
the design project. Oftentimes, participants relied on their judgment to fill information gaps or
anticipate problems that rose due to a lack of information.

GD1 began her design project with little information and little direction. For her, it was
just design. As GD1 progressed with the design project, she began to understand how the chosen
content management system (Drupal) worked and how it was a constraint to designing a user-
centric website. GD1 commented, “First, Drupal in not user friendly. I say this because it’s very
structure require that all pages are unique or it adds numbers to the page’s URL and may affect
the actual structure of the site,” (Appendix G, page 152, line 173). GD1 took stock in what she
was designing and made changes based on her continuing understanding of Drupal. When she
made changes, she validated that the changes would work based on information on how Drupal
works.

When reflecting-in-action on his roof design developments, A8 relied on a constant
supply of information. Information fed changes to initial designs and then more information
resulted in changes to the final design. A8 reflected:

Initial design solutions consisting of wind, energy comparisons, membrane selection and,

climate zone are made and reviewed with the owner. After approval of these partial

design solutions, field gathered information will be reviewed. Based on this information
and the initial design solutions we begin to build our final design. Each perimeter edge,
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drainage component, equipment and projection will be looked at. Details will be designed
on our initial design recommendations. (Appendix N, page 259, line 18)

ID4 gathered information in the moment and responded to it instantly. His partial
solutions were closely tied to information he gathered during the two days of training.
Understanding which days dealership leaders would attend a workshop was critical in making
changes to a specific day’s workshop. ID4 explained how he relied on this information, “For
example, if some leaders can only come on day 2, a partial solution for day 2 would involve
reviewing salient points from day 1 before beginning new material on day 2,” Appendix J, page
206, line 33).

ID6 had to reflect-in-action on information she received about when and when not
campers would be allowed to tweet. 1D6 reflected:

We found out recently that the COO is somewhat old school and only wants campers to

be able to tweet during certain times of the day. The important point about this is that she

does not want the campers to be able to tweet in the evening. This is quite a problem
because the research we have looked at indicates that most 14-18 year olds tweet in the
evenings. Most of our tweets will go out during the day, but this was designed this way
thinking that campers would possibly go back and tweet about our earlier tweets once the

day settles down and they are laying in bed. (Appendix L, page 235, line 165)

For the bullying prevention training, ID6 drew on research regarding young women
tweeting and how tweeting can be used as an educational tool. In this case, information helped
ID6 reflect-in-action on an anticipated problem with the instructional design.

Information fed participants’ judgment. When reflecting-in-action participants looked to
and relied on their judgment to fill information gaps or anticipate problems that rose due to a
lack of information. For E3 it was the former as test data was an ongoing part of his design

process. “So whenever I make an updated calibration, | literally compare it to a previous

calibration. | do this both as a check that | made the intended changes but also as a sense check
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that what | am doing now is correct based on the new information,” (Appendix I, page 187, line
38).

ID7 often found it hard to find information. Her reflection-in-action often revolved
around trying to pin down and absorb information that was constantly shifting. She concluded, “I
don’t want to come in late in the game and have to play catch up. It is too difficult to learn new
material and design and develop under such tight timeframes,” (Appendix L, page 255, line 212).

Participants reflected-in-action not realizing that they were reflecting-in-action.
Participants reflected-in-action quite naturally. On occasions, participants did not realize they
were reflecting in action until | pointed it out. To them, it was just them designing. When asked
to elaborate on how he stepped back and took stock in design situations, A8 replied, “I don’t
think that I ever sit and have a formal process,” (Appendix N, page 266, line 133). He continued,
“I subconsciously do what we are talking about,” (Appendix N, page 266, line 134). A8 summed
up naturally reflecting-in-action, “It is part of the process. I don’t think about the process. I do
the process,” (Appendix N, page 266, line 136).

In ID4’s first interview meeting, he agreed that that no two dealership facilitations will
ever be the same and was humbled by my suggestion that his reflection-in-action makes all the
difference. “They aren’t (dealership facilitations being the same), but that may be giving it
(reflection-in-action) too much glory,” (Appendix N, page 209, line 85).

Although in interview meetings ID7 and | discussed how she constantly reflected-in-
action as she received information, the immediacy of designing with a constant influx of
information made her, at times, feel taking stock in and reacting to her design did not happen. In
her final journal reflection, she reflected:

Everything happened so fast that | never really took stock of the situation until everything
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was completed. Between 10/14 and 11/8, | had to design, develop, conduct a T3, revise
materials based on SME feedback (poor timing with the SME feedback; but I didn’t have
time for a SME review before the T3), advise trainers of the revisions, and send the
materials to Reprographics for printing. And, don’t forget that I was designing for two
different audiences: one that required 1.5 days of training and one that required 2.5
hours of training. Thank goodness we were able to leverage a couple of units between
the different audiences. (Appendix M, page 255, line 210)

Research Question #2

Research question #2 was: what effect does reflection-in-action have on keeping a design

project moving forward toward implementation? Four themes emerged under research question

#2:

Participants interacted with information and a lack of information which kept the design
project moving forward.
Participants moved the project forward knowing that design opportunities and

improvements still existed.

. Participants moved the design forward toward implementation by turning “what ifs” to

design decisions.

. As reflection-in-action moved the design project forward, participants managed

uncertainty.

Participants interacted with information and a lack of information which kept the

design project moving forward. Participants designed with a purpose. Their design projects

had a beginning, middle, and end. Participants reflected-in-action and kept the project moving

forward knowing that they would implement the design project. Information and, at times, a lack

of information fed participants’ reflection-in-action.

Early in the design, GD1 designed a color guide and researched other websites in order to

develop data that would be relevant for the design problems that she faced. At times, GD1 used
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her experience to see what information was missing and leveraged her judgments to fill in
information gaps. GD1 clarified in her first interview meeting:

If 1 am not given the right information and do not know what | am designing for, then |

will make my best guess as to the goals to fill in the blanks, so I can continue to process

and do my job. Ideally, I would be briefed on the project and kept in the loop on changes.

Unfortunately, this doesn't always happen. (Appendix G, page 147, line 146)

Interestingly, GD1 began with no information and no direction. Her marching orders
were: Just design! Since the client was unwilling to articulate what the client wanted, GD1
reacted to her own questions and partial solutions and kept the design moving forward.
GD1summed it up, “It was a situation where it kept falling back on to design. It was hard for
project managers to keep it moving as everything fell back to design,” (Appendix G, page 162,
line 278).

Two months into the design project, GD1 was interacting with a lack of information and
moving the project forward. As she explained:

Another issue was that the navigation for the specialties section was never finished while

| was designing it. | knew the real site would have many levels, but since they weren't

available, I made some up and developed a style and plan for how the different levels in

the navigation would look and function. That extra forethought combined with making a

style guide for the developers to follow has come in handy for build, because the

developers weren't stopped by another thing needing to be done. (Appendix G, page 165,

line 327)

However, the lack of information did have consequences. Missing information was not a
neutral situation. It affected the design. In reflecting on the struggles to get information, GD1
confessed, “This really zaps the drive and creativity out because there is more energy and time
spent trying to get information that will help the design,” (Appendix G, page x, line 68).

In the end, GD1 interacted with an information hierarchy. To move the project forward,

she interacted with the order she received information and the order she reflected on the
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information. GD1 explained, “As you evaluate, the circle becomes smaller where you consider
smaller things like better colors and different ways to play with things,” (Appendix G, page 105,
line 107).

Similarly, GD2 admitted that a lack of information affected the design. In the third
interview meeting, GD2 confessed, “My drive for the project is dead,” (Appendix H, page 179,
line 161). After GD2 completed wireframes on November 4, with client approval of the
wireframes, GD2 planned to start the design comp on November 15. Because the client would
not provide feedback until early December, GD2 did not begin the design comp until the week of
December 8. A lack of information stalled the project for about one month. However, once the
client approved the wireframe, GD2 completed the homepage design comp in one week.

GD5 summarized what all participants noted, “The more information the better,”
(Appendix K, page 220, line 50). She continued, “It helps with seeing what they (client) want to
call out. You have a great situation,” (Appendix K, page 220, line 51). GD5 had a great situation
as she had two important pieces of information that kept the homepage and interior page design
comps moving forward. First, GD5 knew that the website redesign had to be, “...one that targets
a slightly younger audience,” (Appendix K, page 219, line 23). Second, GD5 had the freedom to
alter the client’s logo. GD5 was designing with information which helped her come up with a
simple and clean design approach (Appendix K, page 219, line 24).

For E3, interacting with information became complex and intertwined. E3 interacted with
20 calibrators who contributed to the one calibration. E3 explained, “If I don’t get them a mini
solution, then they get stuck with their calibration,” (Appendix I, page 193, line 104). E3’s
calibration interacted with a large network of calibration points. Small adjustments were made

and fed partial solutions back out to the network to move along the overall calibration. E3
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summed it up, “You just can’t try things out. I am dependent on other calibrations,” (Appendix I,
page 193, line 106).

E3 looked to quality information to move the calibration towards 80%. E3 described a
visual of turnings knobs and pushing buttons to explain how he designs a foundation. “I get a
better understanding of the response,” (Appendix I, page 193, line 110). E3 gained quality
information when he drove the car and actually saw or felt the change. He stated, “I try to do
things so I have a better understanding of what is going on,” (Appendix I, page 193, line 112).

E3 also limited his information gathering to design a partial solution for a select portion
of his calibration table. This was important to move the 80% calibration to completion. E3
explained:

| spoke previously about adjusting knock thresholds in select speed-load zones where

false knock was occurring. | did not revisit the whole calibration table in that case, |

simply went with a partial solution of select portions of the table. This again was to
mitigate risk. Also, the problem of false-knock occurs during a specific 0-60mph
maneuver. Most customers would not experience this problem, thus a partial solution was
developed to satisfy a problem that occurs during a portion of a driving experience.

(Appendix I, page 190, line 82)

AS8’s unique situation was that he was not in the field. He had to reflect on information
that he received and had to wait for the field consultants. “They are my eyes,” (Appendix N,
page 263, line 85). In order to keep the design development moving forward, A8 compensated
for missing pieces of information. He explained:

| think the solutions have been developing nicely. We are getting to the point where we

need to keep things moving forward. So as we wait for answers from the field I need to

make the decisions that | can to keep each project advancing. Sometimes that means
leaving holes in my design and other times I'm making assumptions based on
experiences. | will fill in the missing pieces at the end and hopefully we won't have

major changes. (Appendix N, page 263, line 95)

A8 was able to compensate for missing information by relying on his experience.
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Without his experience, A8 could miss a trouble spot, which could stall the design development.
“It is all experience with post offices and the trouble spots,” (Appendix N, page 262, line 69).

ID6 also had to compensate for information holes in order to advance. She discovered
that the information from the girls’ organization did not provide solutions.

This week as | have been going through the bullying content provided by the organization
I noticed many holes. In most cases, the information just touches upon bullying and does
not really offer solutions or ways for girls to get out of bullying situations. Or even how
to move past a situation when you have been bullied. So in this case | have started
looking at how other non-profits or schools addressed the major issue of bullying for
young girls ages 14-18. (Appendix L, page 225, line 29)

ID7 did not have a problem with a lack of information. Her unique situation was that she
was interacting with too much information. With all the National Healthcare Reform information
that ID7 received, she was forced to manipulate the information in order to act on the
information. For ID7, it was not just getting the information, but how she interacted with the
information that kept the design moving forward. ID7 described it as follows:

I was originally given a “design document” that was developed by one of the work group

members. This design document listed about 15 general topics that would be developed

into units of information for our NHR course. As | continued to go to meetings, we
ended up going through lists of hundreds of items that different workgroups wanted
trained. Some of these items would be listed several times with slightly different
wording because they were submitted by different workgroups. In order to gain some
kind of understanding of what actually needed to be included in training, |1 went through
the lists highlighting items related to various topics with different colors. For example,
all topics related to Enrollment were highlighted in yellow, topics related to Underwriting

in orange, topics related to Contract Maintenance in blue, etc. (Appendix M, page 248,

line 104)

Reflecting-in-action, ID7 understood what information she needed and what information
she did not need. ID7 then made changes to units that would be applicable for the customer

service representatives. “By putting this kind of structure around my problem, I changed the

design. I now had a design that included 11 different unit of information,” (Appendix M, page
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248, line 105). To get to 11 different units, ID7 manipulated the information that she used and
did not use. She concluded, “Some of these units were not identified in the initial design
document that | started with; other units were deleted because the workgroups could not provide
the necessary information by the date we needed,” (Appendix M, page 248, line 105)

Information, a lack of information, and even too much information fed participants’
reflection-in-action. By interacting with information, filling in information holes, and
manipulating information, participants reflected-in-action and kept the project moving forward
toward implementation.

Participants moved the project forward knowing that design opportunities and
improvements still existed. All participants met their final milestone even though some interim
milestones were missed. The reality of the design projects meant that each project had an end
date. The end date came with participants knowing that design opportunities and improvements
still existed.

E3 designed his calibration for the new model year. E3 explained that he had to try to
satisfy two different means that opposed one another. More performance and a pleasant drive are
two different calibrations, but an engine has only one calibration. E3 admitted you cannot have
both so an “unhappy medium” resulted (Appendix I, page 188, line 58). E3 elaborated:

Design is not perfect. It has to be good. So you can only polish the rock so far before you

have to move on to other things. And I always have to keep the customer in mind. I don’t

get paid to perfect my calibration development skills, I get paid to release a calibration
that will please and add value to the customer. So it is not necessary to have a perfect

calibration, it just needs to be perfect for the customer. (Appendix I, page 186, line 30)

For E3, it was not merely satisfying for an “unhappy medium”. His focus was to

complete the calibration for the immediate model year release knowing that this year’s
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calibration release was an opportunity for later model releases. E3 distinguished this as a mini-
calibration versus a whole calibration.

So as a calibrator I am responsible for a certain portion of the calibration. Out of say
20,000 variables, 1 am responsible for about 1,000 of them. Many times when a problem
is experienced, | will make a mini-calibration (some subset of those 1,000 variables) and
send it to whoever is experiencing the problem. I might later include this mini-cal into a
later release of my whole cal, but many times this mini-cal might just be used by the
intended party so they can do their testing or bypass whatever issue they saw. This is
another example of a partial solution. The mini-cal is just a way to bypass an immediate
problem while trying to solve a bigger problem or develop something bigger. The mini-
cal can be considered a “fix for now”, until I can develop something better in the future.

(Appendix I, page 190, line 84)

GD1 never stopped taking stock in unique and uncertain situations. GD1 did not receive
information regarding the health network’s specialties section until the last month of the design
project. GD1 summed it up, “Looking back, I think that the project’s design turned out pretty
good. There are things I would have done differently, and things that I wouldn’t have, but based
on time constraints, weird communication/differing goals, the client...it turned out pretty good,”
(Appendix G, page 185, line 330).

GD2, who dealt with the client taking over a month to approve his college website
redesign wire frame, still produced a homepage design comp within the budgeted hours and
required time frame. GD2 was not pleased and summarized the design as “utilitarian,”
(Appendix H, page 182, line 212). “I am not happy with what I have designed. All the rushing
and no decisions making, sometimes it is not a homerun,” (Appendix H, page 181, line 194).

Even though GDS5 had freedom to alter the law firm’s logo, GD5 had to acquiesce to the
client’s request for a less heavy font. By taking stock in the homepage design comp, GD5

concluded, “It (less heavy font) was not as strong so I made the font larger,” (Appendix K, page

220, line 62). GD5 noted that if she had not increased the font, she would have had to change
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other items on the homepage design comp. “It was the best solution I came up for the revision. |
like it better the other way but it is the best solution,” (Appendix K, page 220, line 64).

Of all the participants, ID4 and 1D6 appeared to be most satisfied with the design project
at the final milestone. When asked if the instructional design was the best possible design or if it
was just good enough, ID6 replied, “It is really. I think that it is a great design,” (Appendix L,
page 237, line 188). In her final reflection journal, ID6 noted that improvements could come in
the future. “I am at the point though where I have to say enough is enough and I cannot make
any additional changes to the design,” (Appendix L, page 237, line 174). She concluded,
“Instead, what I do is write notes down for future projects as lessons learned that can be included
into similar projects,” (Appendix L, page 237, line 174).

ID7 launched Phase 2 training knowing that there would be opportunities for further
training in Phase 3. She bluntly stated, “If decisions and documentation are not completed by
10/22, the topics will have to wait until Phase 3. By Wednesday (10/23) morning, | will start
crossing topics off the ‘design document,”” (Appendix M, page 241, line 17). As ID7 took stock
in the fact that all information for Phase 2 would not be available on January 1, 2014, she
understood that the information to date would define Phase 2. The crossed off topics would
become opportunities for Phase 3.

Participants met design project deadlines. They moved design projects forward knowing
that improvements and opportunities existed. This did not take away from the design projects.
Rather, it showed that participants designed for reality. Their design projects had a beginning,

middle, and maybe most importantly, an end.
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Participants moved the design forward toward implementation by turning “what
ifs” to design decisions. When a reflective conversation with a situation is in action, what if
turns to decisions that are binding, what can and what might happen turn to what should or must
happen, exploration becomes commitment, and possibility moves to imperatives (Schon, 1983).
In order to meet the end date, participants made design decisions and commitments. There came
a point when participants had to move forward.

ID6 moved forward when her “what ifs” and design exploration received feedback from
the research team. ID6 explored when she would send instructional tweets (Appendix L, page
231, line 98) and how she would train girls who did not know how to tweet (Appendix L, page
231, line 100). Knowing that ID6 needed approval from the design team, she ensured design
decisions were timely so she could keep the instructional design moving forward (Appendix L,
page 234, line 148).

Interestingly, while 1D6 interacted with very clear design decisions, for ID7, the line
when “what ifs” turned to decisions and exploration turned to design commitment was a bit
blurry. ID7 noted, “Our biggest ‘what ifs’ relate to changing information,” (Appendix M, page
252, line 160). With National Healthcare Reform information constantly coming in, ID7 has little
time for consideration. Design decisions were made so training materials could be completed as
quickly and efficiently as possible (Appendix M, page 252, line 161).

E3 always interacted with “what if” moments. E3 explained how he reflected-in-action:

Several times during the calibration process there are “what if” moments. In my

experience, someone comes to me with a problem my calibration is causing them. My

calibration is already set at this point, so now it becomes, “what if” we change it slightly,
what will happen. Well in these instances, | first brainstorm what potential problems can

be caused from altering my calibration. Then | change my calibration and test it and see if
those potential problems prove true. (Appendix I, page 195, line 122)
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In a reflection journal, E3 continued to explain how the “what ifs” then moved to design
decisions. “If they do (problems prove true), then an alternate path has to be explored. If the
possible problems don’t prove true AND I see a benefit to the change, then I commit to the
change and move forward with the new calibration I just made,” (Appendix I, page 195, line
124). It was E3’s reflection-in-action that drove the design decisions and moved the calibration
forward toward 80% calibration.

For both GD1 and GD2, “what ifs” were visually represented through sketches. GD1
used sketching and wire framing to map out an execution plan (Appendix G, page 161, line 269).
In regards to moving sketches to execution, GD1 explained, “The more tight the deadline, the
more imperative it becomes for a plan (sketching and wire framing) to be the most simplistic and
easiest to execute, to ensure successful completion,” (Appendix G, page 161, line 269). Although
sketching took place for only 10-15 minutes, GD2 used sketches as the foundation for early
decisions. He sketched, ““...and then got the design going,” (Appendix H, page 180, line 171).

There came a stage for GD1 when “what ifs” became a hindrance and a potential threat to
the actual development of the website. In the seventh of nine reflection journals, GD1 wrote,
“’What ifs’ in this stage is my least favorite thing to hear because we should be past the ideation
and planning to the execution portion of the design for the desktop version,” (Appendix G, page
159, line 257). There came a time when website execution had to start.

A8 confirmed this thought when he clearly stated, “There are times that you have to make
decisions and keep the project moving,” (Appendix N, page 261, line 55). For A8, “what ifs”
represented when he was outside of his experience and needed to go to colleagues for
information and advice (Appendix N, page 264, line 96). Gaining information then allowed A8

to make design decisions and commitments.
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Like ID4’s reflection-in-action, moving “what ifs” to design decisions occurred in real-
time in the midst of workshops. 1D4 explained:

An excellent “what if”” example occurred the second time | conducted the training for the
non-manager session, based on what didn’t work too well in the first session. The design
calls for participants to break into groups and be assigned a particular DiSC style (i.e.
“D”). Within their group they are to discuss how the “D” could adapt their style to the 5
key attributes customers desire from their dealership experience. (The five key attributes
have been introduced prior to the group breakout activity). | found that the groups had too
many things to ponder to be successful with the activity. (Appendix J, page 214, line 170)

ID4 continued:

So, I decided to “explore” different routes to make the learning point (how can each style

adapt to the 5 customer attributes) in a different way than the design called for. My

exploration ultimately led to a design commitment that registers better with participants,
doesn’t leave them confused and makes the point. As one large group, we now review the

5 customer attributes more thoroughly, irrespective of the DiSC styles. Once participants

understand the 5 attributes, we explore one at a time, having them think about how a

given DiSC style might adapt their behaviors to the specific attribute. | make sure

everyone understands how that style can meet the customer needs, before moving on to
the next attribute and how the DiSC styles can play into meeting that attribute. (Appendix

J, page 214, line 171)

In order for participants to move design projects toward end dates, design exploration
became design commitment. Participants reflected on feedback of others, changing information,
problems not proving true, sketching, and real-time interaction. For all, there was a point when
participants had to make design decisions.

As reflection-in-action moved the design project forward, participants managed
uncertainty. A designer’s ability to design is dependent on coping with uncertainty (Cross,
2011). In both reflection journals and interview meetings, four participants shared how they
coped with uncertainty. Participants had strategies in place to manage uncertainty.

In early design spaces, ID6 looked to the Arab Springs model for how people, using

social media, can come together for change. ID6 noted that she looked to the Arab Springs
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literature, but could find very little. She had self-doubt that it could work (Appendix L, page 229,
line 64). ID6 confessed, “I am still moving forward in some uncertainty. This is okay as I am
forced to grow,” (Appendix L, page 229, line 65).

ID6 chose a design-based research approach to advance the instructional design. Since
ID6 would be able to see actual tweets, she would be able to revise the instructional design on
the fly (Appendix L, page 229, line 71). The design-based research approach helped ID6 manage
her uncertainty. “I have to walk through uncertainty and design-based research means that | do
not have to have the answers right away,” Appendix L, page, 229, line 72).

From ID7’s first reflection journal, she shared her uncertainty in the instructional design.
She reflected, “The clock is ticking for Phase 2 of NHR training. I’'m getting more nervous by
the minute...I’m just designing as fast as I can and revising my design as more information
becomes available,” (Appendix M, page 240, line 7). ID7 continued in an interview meeting, “It
is very frustrating way to work. I am trying to hit deadlines, but I don’t know all the information.
I keep pushing the design forward,” (Appendix M, page 245, line 73).

The way ID7 designed partial solutions accommodated this uncertainty. ID7 used a
SharePoint repository to provide answers to trainers’ questions, designed a separate revisions list
for instructional materials, and moved materials to Phase 3 training. In response to the affects of
President Obama’s November 2013 announcement concerning National Healthcare Reform, ID7
wrote, “We’re probably going to pass out an addendum that we can just add to this phase of
training and make major changes in Phase 3,” (Appendix M, page 251, line 150).

E3 was comfortable managing uncertainty. He explained, “There was not ever enough
uncertainty that I just threw my hands up. There was enough certainty to keep going,” (Appendix

I, page 196, lines 150 -151). In order to keep the 80% calibration on track, E3 had no other
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choice. He concluded, “In the calibration world, there is not an option to throw your hands up,”
(Appendix I, page 196, line 151).

GD1 leveraged the help of her supervisor to manage the uncertainty that stemmed from
specialties changed late in the game, little to no design direction, lack of information, and a lack
of leadership. GD1 wrote, “With so many people commenting and no one knowing what was
happening, | got stressed fast. Luckily, | had my supervisor to work through/with...,” (Appendix
G, page 141, line 61). Like E3, GDI1 kept moving forward. “I personally cannot stop. This is
where creativity really comes out,” (Appendix G, page 146, line 128).

Participants took to heart that design has a beginning, middle, and end. Through
reflection-in-action, participants kept their design projects moving forward toward
implementation. As a result, participants interacted with information and a lack of information,
moved projects forward knowing that design opportunities and improvements still existed, turned

“what ifs” to design decisions, and managed uncertainty.
Research Question #3

Research question #3 was: what impact does the design’s problem-solution relationship
have on the reflection-in-action process? Three themes emerged under research question #3:

1. Through receiving and gathering information and working with constraints, participants
better understood the problem-solution relationship.

2. As participants reflected-in-action, opportunities emerged from the problem-solution
relationship.

3. As participants reflected-in-action, problems were uncovered from the problem-solution

relationship.
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Through receiving and gathering information and working with constraints,
participants better understood the problem-solution relationship. In a design space, the
complex design problem and emerging design solution develop together (Cross, 2011; Dorst,
2008). Designers revise problem understanding in the context of developing or revising
emerging solution elements (Adams et al., 2003). Revising problem understanding occurred as
participants received and gathered information and worked with constraints. GD1 summed it up,
“...all problems or questions lead to solutions/answers. The quality of those solutions is based on
the information received/gathered, understanding of the project, its goals and constraints...”
(Appendix G, page 135, line 11).

With a just design mandate, GD1 had no choice but to interact with a developing
problem-solution relationship. Stakeholders did not know the problem or the solution.
Stakeholders did not articulate what they wanted until they could react to potential solutions
(Appendix G, page 144, line 81). Early partial solutions were necessary to gather information
(what stakeholders wanted). GD1 could not productively reflect-in-action until this happened.
Reflecting on this, GD1 wished she knew the constraints and knew the build plan from the start
(Appendix G, page 143, lines 77-80). “I could have come up with other design styles and ideas
based on what we have. Meaning | could be just as inventive/creative, but also have everything
sized right for the current site,” (Appendix G, page 143, lines 77-80). GD1 continued with this
reflection, “Wish we could have designed for reality first...Think we would be further ahead
with the project if we had,” (Appendix G, page 143, lines 77-80).

GD2 described his opportunity for solution development as “high” (Appendix H, page
175, line 100). GD2 had access to a project manager’s notes and a recorded audience-message-

action meeting. This information shaped GD2’s understanding of the problem and drove
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solutions. Focusing, “on those ‘omg’ moments clients expressed,” (Appendix H, page 175, line
100), GD2 moved in a specific direction with his homepage design.

To develop the problem-solution relationship, GD2 thrived on constraints. “So much
easier. Now, [ am designing,” (Appendix H, page 180, line 180). GD2 further explained,
“Typographically, when I don’t have constraints I have to be general. It has to fit everything,”
(Appendix H, page 180, line 182).

GD2 wanted to have the college homepage to be a big campus image with text overlay.
In order for this to occur, GD2 needed a constraint — what would be the acceptable specific
image(s). For GD2, the image was not a thought in the wire frame space, but developed in the
design comp space as GD2 came up with solutions for redesign that focused on the students
(Appendix H, page 180, line 184). Since the client would not commit to an image, GD2 had to
design text boxes. Instead of text on blue sky, text was placed in boxes. GD2 concluded that
since he did not have a specific image, he had to be more general with the design so it fit all
possible images (Appendix H, page 181, line 186). Referencing the diluted design due to the lack
of imagery constraints, GD2 noted, “Designers work best when they have constraints,”
(Appendix H, page 181, line