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1 INTRODUCTION 
 

It is often claimed that design and science are completely different. Ostensibly, designers 

harness experiences, feelings, and ideas to create new things, while scientists perform 

experiments according to strict academic principles. Historically, design disentangled 

itself from science-based paradigms in the late 1900s due to the increasing dissatisfaction 

with the ruling positivist and technological realist paradigms (Cross, 2007a). As a result, 

it gradually evolved into its own field distinct from the sciences. While some facets of 

design research appear to again be moving closer to sciences, cognitive science and 

psychology in particular (Hay et al., 2020), it is still firmly lodged in its own niche in the 

greater academic world. 

 

On the surface, design and science indeed appear different. Design researchers often refer 

to so called “designerly” ways of thinking that are distinct from scientific or scholarly 

thinking (L. B. Archer, 1979; Cross, 1982, 2001, 2006, 2007b; B. Lawson & Dorst, 2009). 

A common claim is that science is about analysis of existing phenomena and design is 

about synthesis and creation, implying that the two are fundamentally different (Motte & 

Bjärnemo, 2011). According to Gero (1990) design seeks to change the world, while 

science merely wishes to understand it. 

 

However, when digging deeper into the subject, this differentiation may not hold up to 

scrutiny. As an example, after a decade-long undertaking to investigate and understand 

the thought processes of scientists, Dunbar (2002) suggests that not just science, but all 

human activity appears to be essentially built with the same cognitive building blocks. 

While he does not mention design specifically, it does suggest that design and science 

share something fundamental. Similarly, Motte and Bjärnemo (2011) conclude in their 

analysis of the design-science dichotomy that “the scientific process has more similarities 

with the design process than differences” (2011, p. 1). 

 

Still, while some important figures in design, such as Hansen (Motte & Bjärnemo, 2011) 

and Simon (Cagan et al., 2001), have drawn clear parallels between the design and science, 

many designers seem to either tacitly or overtly hold the belief that they are fundamentally 

different (Cross, 2007b; Grant, 1979). One may speculate as to why this is. A likely factor 

is the historical divergence of design from the sciences in the latter half of the twentieth 
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century, which likely still influences the field today. A general dissatisfaction with 

“scientific” methods of science launched a stark backlash (de Vries et al., 1993) by 

scholars like Schön (1983/2016), who vehemently argued against any “technical” 

approaches to design. The effects are still felt today, as illustrated by Cross’ (2007b) 

characterization of “design science” as a controversial concept, as well as his concluding 

remark that most designers reject the notion that design is, or ever will be, scientific in 

nature. 

 

Whatever the reason for the split, very little of the research explicitly juxtaposes design 

and science on a cognitive level. While the mental processes underlying them have been 

studied individually (as design cognition and scientific cognition respectively) there 

appears to be little overlap between the fields. Furthermore, both fields are relatively 

immature, generally lacking theoretical cohesion. While design cognition has been 

studied using various approaches for the past six decades, a cohesive theory with 

predictive power has not yet been developed (Hay et al., 2020). Similarly, scientific 

cognition has also been studied with various methods, but much of the research is 

fragmented. The field of Science and Technology Studies (STS), whose purpose is to 

investigate science in practice, only represents the psychological and cognitive 

dimensions of scientific thinking in minor ways, instead mainly focusing on broader 

interactions between science and society at large (O’Doherty et al., 2019). The cognitive 

research of science that does exist varies greatly, and focuses on a variety of loosely-

related topics, such as distributed cognition, mental model based cognition, scientific 

reasoning, and conceptual change (Giere, 2008). 

 

The aim of this thesis is twofold. First, design cognition is examined as its own 

phenomenon. The goal is to investigate the thought patterns and sequences that designers 

perform while designing. The second goal is to investigate to what degree design thinking 

resembles scientific thinking. Since this is a relatively unexplored topic, the goal is not to 

establish a clear connection between the two fields, but rather identify similarities, hence 

building a stepping stone for further research. If the strengths of both fields could be 

integrated, it could possibly pave the way for a more comprehensive understanding of 

cognition as a whole. 
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This thesis begins with a brief overview of the relevant theoretical concepts surrounding 

my chosen topic, culminating in the research questions. In the following section, the 

methodological approach for data collection and analysis is outlined. After that, the 

findings of the study in light of my research questions are presented. Finally, the findings 

are discussed from various perspectives, and possible avenues for future research are 

provided. 
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2 BACKGROUND 
 

In this section, central concepts related to this thesis are presented. First, a brief history 

of the design discipline and the formation of design thinking in its various forms is 

presented. Next, the main research on scientific thinking is described. Subsequently, the 

split between design and scientific thinking is discussed in light of the literature and 

research. The section ends with the research questions for this thesis. 

 

2.1 The historical divergence of design from the sciences 
 

According to Friedman and Michael (1999), logical positivism, the philosophical theory 

that genuine knowledge is only obtained through mathematical proof or rigorous 

empirical study, dominated much of western academia during parts of the early to mid-

twentieth century. Inspired by Wittgenstein’s no-content theory of logic and further 

developed in Vienna and Berlin, logical positivism initially sought to reduce ambiguity 

and confusion in the intellectual world by basing all knowledge on the principles of 

empirical science, considered by positivists to be the gold standard of scientific 

methodologies (Creath, 2021). With the rise of Nazism, the leading figures in the 

movement left Germany and Austria and resettled in English-speaking countries, where 

logical positivism became firmly established in universities for decades to come 

(Friedman & Michael, 1999). Within psychology, positivism manifested itself as 

behaviorism, a framework which ignored all mental processes in favor of solely 

examining behavior as a system of inputs and outputs (Graham, 2019). A similar trend of 

removing all non-empirical components was seen in other fields as well, and positivists 

even suggested eliminating metaphysics altogether (Hanfling, 1981). 

 

Professional fields, such as engineering and architecture, also started to feel the effects of 

positivism. In the professions, it manifested itself as technical rationality, the notion that 

professional practice should be firmly rooted in scientific theory (Schön, 1983/2016). 

Clamoring for academic respectability, trade schools gradually started adopting the label 

“applied sciences” and shifting their curricula to include more natural science, such as 

physics and mathematics; little attention was given to design (or any other practice), as it 

was considered “intellectually soft” (Simon, 1996).  
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Tensions started to rise in the 1960’s, however, as critics felt this framework was at odds 

with the realities of design practice. The celebrated economist and pioneer in the budding 

field of information processing Herbert Simon (1969) argued that the word “applied” in 

“applied science” was often used in name only – in reality, the teaching of design had 

almost entirely been replaced by natural science. Students in professional schools spent 

most of their time studying mathematics and physics, and the issues they studied were 

generally scientific in nature rather than genuine design problems (Schön, 1983/2016; 

Simon, 1996). As graduates from these schools had gained little practical knowledge or 

experience of design in their studies, they were ill-equipped to perform their jobs.  

 

To remedy this, Simon (1969) tried to reconcile positivism and practice into a “science 

of design”: a science focused on the “artificial” world of human-made objects and systems 

rather than the natural world, but a science nonetheless. He argued that even though 

professional fields, such as architecture, engineering, and medicine, were concerned with 

artificial things, they should be studied no less rigorously. In his view, design was the key 

activity that distinguished the professions from the sciences, and as such should be studied 

as its own field of science (Simon, 1969).  

 

The design researcher and innovator in organizational learning Donald Schön 

(1983/2016) went further, arguing that design should disengage completely from science. 

While he felt Simon had highlighted the correct problem, he found Simon’s solution 

overly mechanical. Schön argued that its strong emphasis on statistical optimization 

methods made it unsuitable for the “messy problematic situations” he felt constituted real 

design problems. He proposed that real design problems are constructed from context 

rather than given as a set of parameters, an idea which underpinned his characterization 

of design as a “reflective” conversation between the designer and design context. In his 

constructivist framework, the core knowledge of design lied in practice rather than 

research (Schön, 1983/2016). Like Simon, Schön also characterized all professional 

practice as inherently “designlike” (Waks, 2001). 

 

Simon’s and Schön’s contributions were monumental and helped establish design as its 

own theoretical domain. Schön in particular was strongly influential in steering design 

away from the sciences (Waks, 2001). Today, design is a substantial field with its own 

theories and practices, which operates mostly independently from the sciences. While 
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links to some scientific fields, such as cognitive science, have been growing stronger in 

recent years (Hay et al., 2020), interactions are still relatively minor. 

 

2.2 Design cognition 
 

Over the past century, there have been countless attempts to formalize the design process. 

However, the specific focus on the thought processes of designers begun in earnest with 

the cognitive revolution of the mid-1900s. This was an interdisciplinary academic 

movement, whose objective was to reintroduce the mind as a legitimate scientific object 

of study, in stark opposition to the ruling behaviorist paradigms. The event was marked 

by new developments and theories in multiple fields, such as on memory (Miller, 1956; 

Neisser, 1967), linguistics (Chomsky, 1967), and computers and early artificial 

intelligence (Newell & Simon, 1956). 

 

Design scholars now sought to understand the design process on a cognitive level, which 

became known as design thinking or design cognition. As Hay et al. (2020) note, over the 

next six decades, researchers used mostly qualitative and mixed-method studies, such as 

verbal protocols and case studies, to study the thought processes of designers as they 

design. They outline three main paradigms that have emerged over the years: (1) design 

as problem-solving, (2) design as reflective practice, and (3) more recent approaches, 

which expand on previous frameworks and attempt to broaden the horizons of design 

cognition by introducing dimensions like situatedness, as well as concepts from modern 

psychology and cognitive science, such as the dual-process theory of thinking 

(Kannengiesser & Gero, 2019a) and computational modeling (Perišić et al., 2019). 

 

2.2.1 Design as problem solving 

 

Design as problem solving first gained influence in the 1960s and 1970s. It was based on 

the highly influential work of Newell and Simon (1956, 1972), which viewed creative 

problem solving as a heuristic search in a so called “problem space”; the bounded range 

of knowledge that defines a particular problem. A problem space consists of three 

elements: an initial knowledge state, operators that transform knowledge states, and an 

evaluation function for determining whether a knowledge state satisfies the problem 

requirements (Newell & Simon, 1972). The operators and evaluation function allow the 
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search to be selective rather than random; the current knowledge state can be compared 

to the problem requirements, and based on their discrepancies a suitable operator can be 

chosen that is known (based on past experience) to alleviate that discrepancy. This 

heuristic forms the basis for means-end analysis, a central problem-solving technique in 

Simon’s model (Simon & Lea, 1974).  

 

One of the key components of the problem-solving framework was Simon’s (1955, 1957) 

theory of bounded rationality, in contrast to naïve rationality, which seeks optimal 

solutions assuming perfect knowledge and infinite resources, bounded rationality seeks 

satisfactory solutions relative to the available time, resources, mental capacity, and 

context. Simon’s problem-solving model was also heavily inspired by the development 

of computers, whose symbolic logic-based computation formed a base for early attempts 

to formalize artificial intelligence (Crevier, 1993; McCorduck, 2004).  

 

Newell and Simon first demonstrated their model in 1956 with the Logic Theorist, widely 

regarded as the first computer program exhibiting a form of artificial intelligence 

(Rescorla, 2020). Using search, the program was able to solve mathematical problems 

from Russell and Whitehead’s (1910) Principia Mathematica on the level of an expert; 

in one instance even producing a more elegant proof than the authors (Newell & Simon, 

1956). The initial reception from the scientific community was underwhelming, but the 

concept gained recognition when it was expanded to form the basis for both artificial 

intelligence and human reasoning more generally (Crevier, 1993; McCorduck, 2004). 

Some models featured more than one problem space, such as Simon and Lea’s (1974) 

unified model of problem-solving and rule discovery that featured dual-space processing. 

 

In the 1970s, the problem-solving model gradually became the de-facto paradigm to 

describe design (Dorst & Dijkhuis, 1995; Hay et al., 2020). Within it, design was simply 

a form of problem-solving, although Simon (1973) emphasized that design problems are 

often ill-structured; key parts of the problem space, such as the initial state and goal 

criteria are generally unknown, at least initially. The problem-solving framework started 

losing steam in 1980s and 1990s, as scholars had difficulties forming general, task-

independent models of problem-solving from the often-diverging strategies of individual 

subjects (Ohlsson, 2012). Design researchers also highlighted the framework’s inability 

to account for non-static problems (so called “wicked problems” according to Rittel and 
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Weber (1973)) that are commonly found in design (Cross, 2007b). Nonetheless, many of 

the model’s core components, such as search and problem space, live on in more recent 

models, but generally only as part of a larger framework (Dorst & Cross, 2001; Jin & 

Chusilp, 2006). 

 

2.2.2 Design as reflective practice 

 

Thinking the problem-solving paradigm of design too limited, Schön (1983/2016) 

imagined design instead as “reflective practice”, which went on to become the dominant 

paradigm of design in the 1980s and 1990s (Hay et al., 2020). Like Simon, Schön 

(1983/2016) argued that design is rife with complex and indeterminate problems. Unlike 

Simon, however, he did not view design as a computational process, and dismissed 

Simon’s attempts at formalizing design in mathematical terms. Rather than defining a 

general method for designing, Schön saw each design problem as unique, and suggested 

instead that designers design by having a “conversation with the situation”. In his view, 

when designers make design decisions, the situation “talks back”, that is, reveals the 

(often surprising) consequences of the designer’s actions. This so-called “back-talk” 

would trigger reflection, which would then steer the designer towards new design 

decisions, and the cycle would continue. He imagined the design process as alternating 

between two modes of reflection: “reflection-in-action”, where the designer reflects on 

their concurrent actions, and “reflection-on-action”, where the designer reflects on past 

actions (Schön, 1983/2016). 

 

Schön (1983/2016) described four distinct events that occur in the design process: naming, 

framing, moving, and evaluating. The first two make up problem setting; designers name 

the aspects that are relevant to them and frame them in a particular design context. 

Moving entails action; making designs within the frame one has defined. Evaluating 

entails reflection either in or on action. Reflection leads the designer to either reframe the 

context or make new moves. Schön placed great emphasis on the idea of unexpected 

consequences; accurately predicting all the consequences of one’s actions is exceedingly 

difficult and resource-intensive, so designers take shortcuts by deliberately moving in a 

way that reveals unintended outcomes. Unexpected outcomes also help designers shift 

their perspective (or frame), leading to new ideas, and designs (Schön, 1983/2016). 
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For all the criticisms Schön directed at Simon, their ideas are not necessarily mutually 

incompatible. For instance, Meng (2009) argued that much of Schön’s criticism built on 

a mischaracterization of Simon. He brought up two salient points: First, in his landmark 

book The Reflective Practitioner, Schön refers to the first edition of Simon’s Sciences of 

the Artificial from 1969, rather than the updated second edition from 1981, which 

appeared two years before Schön’s book. Meng argued that the second edition offers 

many new perspectives and avenues that were more clearly in line with Schön’s thinking. 

Second, even in the first edition, Schön appears to have overlooked many of Simon’s 

caveats and possible avenues that were rather in line with Schön’s own views about the 

design process (Meng, 2009). 

 

2.2.3 More recent theories of design cognition 

 

As the field matured, perspectives started to broaden and deepen. Various frameworks 

were formed, examining different aspects of the design process in different contexts. 

Some design scholars expanded on the previous work by Simon and Schön (B. Lawson 

& Dorst, 2009), while others started viewing design as a situated process, incorporating 

environmental, social, and cultural factors into the design process (Gero & Kannengiesser, 

2004; Hay et al., 2020). More recently, some designers have even started exploring the 

cognitive aspect of design thinking in more detail, borrowing concepts from modern 

psychology and cognitive science (Hay et al., 2020). Due to the sheer number of design 

frameworks that exist today, only a small subset of them will be presented in this section. 

 

Maher et al. (1996) framed the design process as the co-evolution of two spaces: the 

problem space and the solution space. Dorst and Cross (2001) applied their findings from 

protocol studies to this model and found that the two spaces are in constant interaction 

constantly through analysis, synthesis and evaluation. Although neither article mentions 

it, it is somewhat reminiscent of the earlier dual-space problem-solving models, such as 

the one proposed by Simon and Lea (1974). The co-evolution model has gained a fair 

amount of traction in the field, with Dorst and Cross’ (2001) paper having over 2400 

citations on Google Scholar, and it is often used in protocol studies (Hay et al., 2017). 

 

In a review of existing models, B. Lawson and Dorst (2009) argued that five essential 

activities are present in all design: formulating (identifying and framing the problem), 
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representing (externalizing thoughts, for example by sketching), moving (generating 

solutions), evaluating (making objective and subjective evaluations of design), and 

managing (controlling the design process as it progresses). While the authors consider all 

five essential, they do not place them in any specific sequence, arguing that they can occur 

in practically any order, or even concurrently. In their view, so called “phase models” 

oversimplify the design process and ignore the inevitable “marshy and murky” areas of 

design (B. Lawson & Dorst, 2009, p. 32). 

 

As B. Lawson and Dorst (2009) go on to explain, many of these activities are directly 

compatible with (and likely influenced by) Schön’s (1983/2016) model: “moving” and 

“evaluating” are essentially the same in both models, “formulating” is broadly equivalent 

to Schön’s problem setting, “representing” is covered by Schön’s “reflective 

conversation”, and “managing” includes Schön’s “reflection-on-action”. They also 

mention that some of the activities can also be characterized using Newell and Simon’s 

(1972) problem-solving framework. As with Schön’s model, “evaluating” already exists 

in problem solving, and “formulating” can be thought of as reformulation of the problem 

space (B. Lawson & Dorst, 2009). This further highlights the influence of both Simon 

and Schön on recent design frameworks. 

 

There has also been renewed interest in cognitive mechanisms, which has led to the 

increased adoption of concepts and methodologies from modern psychology and 

cognitive science into design thinking (Hay et al., 2020). For example, Jin and Chusilp 

(2006) describe design as a sequence involving four cognitive activities: analyze problem, 

generate, compose, and evaluate. As with most other cognitive models of design (Benami 

& Jin, 2002; Finke et al., 1992; Maher et al., 1996), their model emphasizes the role of 

iteration in the design process. The model also appears to resemble some classic problem-

solving models of design, such as the analyze-synthesize-evaluate (ASE) sequence by 

early design theorists including Jones (1963), which is frequently found in both design 

and scientific literature (Martinec et al., 2020). 

 

A similar resemblance can be found in Dorst’s (2011) formalization of design thinking as 

a form of abduction (drawing on Peirce’s concept of abductive reasoning (Burks, 1946)). 

In Dorst’s view, a design problem initially has a desired goal (usually given by a client 

perhaps), but no ready-made design or mechanism for the design to achieve the desired 
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outcome. He calls reasoning that tackles this type of problem Abduction-2, as opposed to 

the simpler Abduction-1, which has both a goal and a mechanism, but no design object. 

To tackle the challenge of Abduction-2, he defines design reasoning as a process which 

first frames the problem, then creates a design, and finally evaluates whether it satisfied 

the desired goal. In terms of logical reasoning, it is a sequence of induction, Abduction-

1, and deduction (Dorst, 2011). While Dorst does not mention it, this is similar to a model 

proposed much earlier by March (1976), which uses the same three types of reasoning 

but arranges them in a different order: abduction-deduction-induction. 

 

 

Figure 1. An illustration of Dorst’s (2011) model of design reasoning. 

 

As illustrated in Figure 1, Dorst (2011) describes the initial state (1a), where the designer 

knows the desired end result, or value, of the design, but no solution exists yet. From 

there, a framing (1b) of the design situation is performed as an inductive process, where 

a “working principle” or mechanism is chosen based on the desired goal. Next, a design 

object is created (1c) with the goal that it should, in combination with the working 

principle, bring about the desired end result. In this instance, both the end result and the 

mechanism to bring about the end result are known, but the starting point is not, so it must 

be created. Thus, this is an instance of Abduction-1. As a final step, deduction is used to 

evaluate (1d) whether the object and working principle truly produce the desired end 

result or not (Dorst, 2011). To illustrate this model, one could use the example of 

designing a chair for a client. To start, the client gives a requirement, such as comfort. 
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The designer then takes this desired end goal and mentally forms a frame, that is, 

inductively produces a causal mechanism for producing comfort. Next, the designer uses 

this frame to abductively create a design for a chair. Finally, the frame and the chair 

design are evaluated to see if they produce comfort. This final step is deductive, as it takes 

a cause (the chair) and a causal mechanism (the frame) and produces an effect, which is 

then compared to the desired effect (in this case, comfort). 

 

Another popular model in design cognition, the function-behavior-structure (FBS) model 

by Gero (1990), divides design artifacts by their main elements: their function, behavior, 

and structure. The model formalizes five different stages in the design process 

(formulation, synthesis, analysis, evaluation, and documentation) as well as three types 

of reformulation (structure reformulation, behavior reformulation, and function 

reformulation) as specific operations that shift from one state to another. This model has 

gained traction within the field, and has been adapted to a variety of design disciplines 

and contexts (Kannengiesser & Gero, 2019a). Attempts have also been made to integrate 

it with situated cognition theories, forming a “situated FBS structure” that attempts to 

include the designer’s interaction with the environment in the model (Gero & 

Kannengiesser, 2004).  

 

More recently, the situated FBS framework has also been adapted to Kahneman’s dual-

process approach to cognition (Kannengiesser & Gero, 2019a, 2019b). The dual-process 

model separates human thinking into two systems: System 1, which is unconscious, fast, 

and approximate, and System 2, which is conscious, slow, and deliberate (Kahneman, 

2003). The model is long-established in the cognitive sciences, but was first introduced 

to design scholars through Kahneman’s (2011) best-selling book Thinking, Fast and Slow 

(Kannengiesser & Gero, 2019a). While the link between it and FBS is still new, it 

highlights an increased interest by design researchers in cognitive science. 

 

2.2.4 Prior studies on design cognition 

 

The concepts and frameworks presented above have been utilized in a number of contexts 

and configurations over the past few decades. Three recent empirical studies that apply 

some of these models are presented below. 
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In one study, Cramer-Petersen (2019) investigated the use of different types of reasoning 

in design. Inspired by the design reasoning models of March (1976) and Dorst (2011), 

they used protocol analysis to analyze the verbal output patterns of experienced designers 

working in small teams at a design workshop. By studying verbalizations in great detail, 

they found that when formulating design ideas, subjects would generally reason in 

sequences of abduction-deduction: they would use abductive reasoning to first frame the 

design context and generate ideas, and deductive reasoning to solidify the previously-

generated ideas (Cramer-Petersen et al., 2019). They did however, note that when 

studying the verbalizations of subjects one at a time, reasoning patterns were “disorderly” 

(Cramer-Petersen et al., 2019, p. 67). 

 

The FBS framework has been widely applied in design cognition research (Kannengiesser 

& Gero, 2019a). In one protocol study comparing geometric and parametric design 

software, Yu et al. (2013) used the situated FBS framework to investigate how five 

designers reacted to unexpected discoveries in both scenarios. They used the design 

processes defined in the FBS model to code the verbal protocols of subjects when reacting 

to unexpected findings. They found that in these situations, subjects tended to reformulate 

the problem more often when using geometric design tools, while they tended to keep 

trying new designs using parametric design tools (Yu et al., 2013). 

 

FBS has also been studied in conjunction with other models of design. In a study 

investigating how designers use parametric design software, Yu et al. (2015) applied the 

FBS to the coevolution model of design, and used it to perform a protocol study involving 

eight designers. Their analysis revealed that subjects made frequent use of coevolving 

processes throughout the sessions, with a shifting focus: at the start, subjects would focus 

more on general design knowledge, and would gradually shift more toward using the 

parameters in the design tool toward the end of the session (Yu et al., 2015). FBS, while 

widely used and mentioned here, was not deemed an optimal framework for the present 

study. 

 

2.2.5 Concluding remarks on design cognition 

 

Even with only this small selection of examples, one can tell that there exists a myriad of 

design thinking frameworks today. Generally speaking, each model attempts to capture 



14 

 

some aspect of design rather than the process as a whole. Nonetheless, there appears to 

be significant overlap between them. For instance, most theories described above feature 

the same central design activities: framing the situation, producing designs, and making 

evaluations. While there seems to be a loose consensus on what the design process entails 

on a descriptive level, a central coherent theory with predictive power has not formed 

(Hay et al., 2020). While it has recently been suggested that design cognition should 

expand its methodological scope to include more quantitative measures (Hay et al., 2020), 

it is unclear if and when this will come to fruition. 

 

2.3 Scientific cognition 
 

This subsection focuses on scientific cognition. First, it describes a brief timeline of the 

formation of the modern study of scientific cognition. Next, it outlines the cognitive 

activities that scientists use according to relevant literature and research. Finally, the 

subsection ends with a short summary. 

 

2.3.1 The origins of scientific cognition 

 

Scientific thinking has been studied for a long time; over two thousand years ago, 

Aristotle  laid out arguably the first comprehensive account of scientific inquiry in his 

twin works Prior Analytics (ca. 350 B.C.E.b) and Posterior Analytics (ca. 350 B.C.E.a). 

The modern study of science, however, has its origins in the mid-1900s. As already 

mentioned, logical positivism, with its strict emphasis on logic and empirical research, 

dominated Western universities early in the century (Hanfling, 1981). In this paradigm, 

science was generally viewed as a collection of theories, principles, and methods rather 

than as a human process performed by scientists. In the 1950s and 60s, however, 

positivism came under increasing scrutiny from various directions. Popper tried to replace 

positivism with critical rationalism, his own brand of realism that championed 

falsifiability, the idea that empirical claims can never be proven, only disproven (Popper, 

1934/2005). Other notable critics included Quine (1951) and Feyerabend (1957). 

However, many scholars also criticized Popper, with some even characterizing him as a 

positivist, even though Popper himself was opposed to positivism (Thornton, 2021). 

 



15 

 

Arguably the most famous rebuke of both positivism and critical rationalism, however, 

came from philosopher Thomas Kuhn. In his landmark book The Structure of Scientific 

Revolutions (1962), he proposed that science frequently undergoes dramatic shifts (so 

called “paradigm shifts”, a term he coined) and thus cannot be objective. He also argued 

that different scientific paradigms are often incommensurable, that is, irreconcilable, and 

thus one cannot objectively claim that science advances in any meaningful way between 

paradigms (Kuhn, 1962). 

 

Kuhn’s book is considered a landmark work in the philosophy of science. Its impact is 

hard to overstate; it tore right through the strict demarcation between science and non-

science that had been firmly established in academia for so long (Bird, 2018). The impact 

was so great that five years after its publication, Passmore (1967) declared positivism 

“dead, or as dead as a philosophical movement ever becomes”. There has been 

speculation that the reason for its relatively swift downfall was not just the philosophy 

itself, but also the arrogance with which it was promoted to scientists and non-scientists 

alike (Hanfling, 1981). 

 

As positivism continued to decline, the boundaries of science became increasingly 

nebulous. Perspectives on science started to shift; instead of a bastion of rationality, 

science became a more grounded affair. As Dunbar (2002) concluded four decades after 

the publication of Kuhn’s magnum opus: 

 

“The goal of having a simple definition of science has now all but vanished from 

contemporary accounts of science. Following T. S. Kuhn’s The Structure of 

Scientific Revolutions (1962) there has been a shift to a more contextually 

grounded account of science.” (2002, p. 154) 

 

As a result, in the 1970s, various ethnographers launched investigations into science with 

the goal of uncovering what the scientific process looked like from the perspective of the 

scientists (Knorr Cetina, 1995). According to Knorr Cetina (1995), they found that the 

practice of science was markedly different from the grand ideals espoused by positivists; 

rather than rational and organized, science was messy and complicated. These studies 

became the catalyst for the creation of the new field of Science and Technology Studies 

(STS) (Doing, 2008), whose objective was to study the development of science and 

technology from a social constructionist perspective.  
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Within and around this domain, a smaller niche of researchers set their sights on the 

cognitive aspect of science, that is, scientific cognition. Various philosophers, 

psychologists and cognitive scientists, such as Kevin Dunbar, Paul Thagard, Nancy 

Nersessian, and Ronald Giere, tackled different aspects of scientific thinking, producing 

compelling accounts of a variety of cognitive facets of scientific work, such as scientific 

reasoning (Dunbar, 2002; Klahr & Dunbar, 1988), mental modelling (Nersessian, 1999, 

2002), scientific discovery (Thagard, 2002), and distributed cognition (Dunbar, 2002; 

Giere, 2008; Giere & Moffatt, 2003; Nersessian et al., 2003). Nonetheless, their impact 

on the wider field of STS has been relatively minor. In the third edition of the Handbook 

of Science and Technology Studies (2008), Giere (2008) expressed a wish for the further 

integration of the cognitive and social approaches to science studies: 

 

“Looking to the future, my hope is that when the time comes for the next edition 

of a Handbook of Science and Technology Studies, cognitive and social 

approaches will be sufficiently integrated that a separate article on cognitive 

studies of science and technology will not be required.” (2008, p. 274) 

 

In a sense, his wish came to fruition, as there was no separate article on cognitive 

approaches in the following (and latest) edition of the handbook (Felt et al., 2017). 

However, it is questionable whether the cognitive accounts actually became integrated 

into STS at large, as the cognitive aspects of science are only mentioned in passing. In 

the introduction of their edited volume Psychological Studies of Science and Technology 

(2019), O’Doherty and his colleagues also lament the relative lack of psychological and 

cognitive perspectives within STS.  

 

Nonetheless, regardless of their impact on STS, research on scientific cognition has 

uncovered a multitude of compelling insights into the thought processes of scientists. 

 

2.3.2 Cognitive activities in science 

 

Scientists utilize a wide range of cognitive activities in their work. For a summary of the 

cognitive activities, identified from the literature and discussed here, see Table 1.  
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As perhaps expected, deductive and inductive reasoning are core tools for scientists. 

Deduction entails leading from a set of premises to a logical conclusion, while induction 

entails generalizing from a set of findings or observations a model or mechanism (Sober, 

2020; Sternberg et al., 2012). Traditionally, deduction is used in logic, mathematics, and 

hypothesis testing, while induction is used for generalizing models from individual 

findings (A. E. Lawson, 2005; Nersessian, 1999). However, scientists also utilize 

abductive reasoning in specific instances, such as when forming hypotheses (A. E. 

Lawson, 2000; Thagard & Shelley, 1997). Abductive reasoning involves taking a finding 

Table 1 

Cognitive activities in science 

Cognitive activity Description Manifestation in science Reference 

Reasoning, deductive 
Reasoning that takes a set of premises 

and infers their logical conclusion. 

Mathematics, logic, and 

hypothesis testing. (A. E. Lawson, 2005; 

Nersessian, 1999; 
Sober, 2020; Sternberg 

et al., 2012) Reasoning, inductive 
Reasoning that generalizes a rule or 

model from a set of observations. 

Used when generalizing 

individual findings into 
models and theories. 

Reasoning, abductive 

Reasoning that takes an observation and 

forming possible explanations for what 
may have caused it. 

Used when hypothesizing 

about the cause of a particular 
result or finding. 

(A. E. Lawson, 2000; 

Sober, 2020; Thagard 
& Shelley, 1997) 

Analogy, superficial 

An analogy where the source and target 

are in the same domain, with only minor 
superficial differences.  

Commonly used when 

analyzing research results. 
For instance, scientists might 

make an analogy between 

two similar experiments on 
the same topic. (Dunbar, 2002; 

Nersessian, 2002) 

Analogy, structural 

An analogy where the source and target 
may be superficially different but have 

similar functions.  

Primarily used in hypothesis 

formation. For instance, 
scientists might make an 

analogy from a completely 

different field. 

Categorization 
Labeling and organizing information into 

groups. 

Used when interpreting 

research results. 
(Dunbar, 2002) 

Causal reasoning 

Reasoning about the cause and effect of 
phenomena, as well as the mechanism 

determining how one leads to the other. 

Combines induction, deduction, analogy, 

and categorization in rapid and complex 

sequences known as “causal episodes". 

Used in almost every 

scientific activity, such as 
analyzing data, designing 

experiments, and formulating 

theories. 

(Dunbar, 2002) 

Distributed reasoning 

Interactions with tools and other people 

that elevate the individual person’s 
cognitive capabilities into a wider, 

distributed network of cognition. 

Tools, including both 
sketchpads and scientific 

instruments, as well as 

collaborations with other 
scientists. 

(Dunbar, 2002; Giere, 
2008; Giere & 

Moffatt, 2003; 

Nersessian et al., 
2003) 

Hypothetico-deductive 

reasoning 

Reasoning that alternates between 
generating hypotheses and testing them. 

An established framework to 

quantitatively investigate 
various phenomena in 

science. 

(A. E. Lawson, 2000, 
2005) 
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or observation and speculating what may have caused it (Sober, 2020); in essence, it is 

sometimes thought of as deduction moving in reverse (Thagard & Shelley, 1997). 

 

Science involves more complex cognitive activities as well. Dunbar (2002) catalogues 

his findings from a series of studies on scientific cognition performed by him and his 

colleagues over the course of a decade (see Dunbar, 1993, 1995, 1997, 1999b, 1999a, 

2000, 2001b, 2001a). By investigating science laboratories in multiple countries and 

observing and recording the scientists working in their natural environments, Dunbar and 

his team were able to identify a number of cognitive activities occurring naturally. This 

naturalistic (“in vivo”) approach allowed them to study the cognitive processes of  

scientists without the artificial trappings of traditional laboratory (“in vitro”) studies of 

scientific cognition. 

 

In one study, Dunbar and Blanchette (2001) found that scientists make frequent use of 

analogies in their work. While studying leading immunology labs in the USA, Canada, 

and Italy, they found that the scientists used two types of analogies: superficial analogies, 

where the source and target of the analogy are superficially similar and generally from 

the same domain, and structural analogies, where the source and target are superficially 

different but have similar functional underpinnings. By analyzing the scientists’ 

conversations in their weekly lab meetings, Dunbar and Blanchette found that 75% of the 

analogies were superficial, meaning that the source and the target were both within the 

same field with only one or two superficial differences. An example they gave was that 

while contending with an unexpected finding, a scientist might make a superficial analogy 

between two very similar immunology experiments. While only 25% of the analogies 

observed were structural in nature, over 80% of structural analogies were used for a 

specific activity: hypothesis formulation. They concluded that analogy use depends on 

the activity and goals of the scientist (Dunbar & Blanchette, 2001). 

 

Scientists also tend to engage in categorization with regard to findings. According to 

Dunbar (2002), between 30% and 70% of all findings presented at a given lab meeting 

were unexpected. Dunbar observed that whenever findings were presented, the scientists 

had a clear strategy: findings were labelled based on their current knowledge and 

predictions, expected findings were set aside, and unexpected findings were usually 

blamed on methodological issues. In the latter case, scientists first instinct was to adjust 
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the experiment to see if that would resolve the issues. Only if after several adjustments 

the experiment still produced unexpected results would they seriously entertain changing 

their models and theories (Dunbar, 2002). 

 

Dunbar (2002) also found that causal reasoning is another major activity that scientists 

engage in; causal relationships are of great interest in science, as they clarify the 

underlying structure of various phenomena and allow scientists to make predictions. 

According to his research, it is present in almost every stage of the scientific process, 

accounting for over 80% of statements made at lab meetings. It appears to be common in 

science due to its versatility: it is used when analyzing results (reasoning about what may 

have caused a specific result), designing new experiments (reasoning about what factors 

could produce a specific result), and building new theories. Dunbar goes on to argue that 

this type of thinking usually combines many of the previously mentioned cognitive 

elements, such as deduction, induction, and analogies, into complex sequences called 

“causal episodes”. As he explains:  

 

“(. . .) while deduction is a component of the reasoning, a causal episode will 

consist of dozens of deductions, problem-solving techniques, analogies and 

inductions by generalizing over particular statements. (. . .) What happens in 

causal reasoning is that the entire cognitive machinery is put together in the 

service of a goal.” (Dunbar, 2002, p. 157) 

 

Distributed reasoning is also commonly featured in science (Dunbar, 2002; Giere, 2008). 

Typically, scientists do not confine themselves to using only their own minds when 

performing research. Rather, they often work in groups, combining their cognitive 

abilities. Not only that, but scientists typically also use a variety tools (artifacts), from 

sketchpads to particle accelerators, which aid them in the scientific thinking process. This 

phenomenon can be considered distributed reasoning, as the full scope of the knowledge 

and thinking is distributed over more than one cognitive “agent” (Giere & Moffatt, 2003). 

According to Nersessian et al. (2003), research laboratories can be viewed as “evolving 

distributed cognitive systems” consisting of various agents and artifacts that evolve over 

time. It has been debated whether distributed networks themselves constitute agents with 

their own intention and knowledge (Knorr Cetina, 1999; Latour, 1999), but according to 

Giere (2008), this may be going too far. 

 



20 

 

Hypothetico-deductive reasoning, a process which alternates between hypothesis 

generation and hypothesis testing, is also often considered central in science (A. E. 

Lawson, 2005). Anton E. Lawson (2000) formulates this type of reasoning as starting 

with a causal inquiry about the world, after which hypotheses are formed, tests are 

designed, and expected results are inferred deductively. Finally, the tests are performed, 

and the observed results are compared with the expected results. Analysis of the results 

then lead to new hypotheses, starting the process all over again (A. E. Lawson, 2000). In 

his view, these “cycles of hypothetico-deductive reasoning” are a central guiding 

principle of scientific inquiry (A. E. Lawson, 2005, p. 734). Lawson (2000) generally 

views both hypothesis generation and test design as creative processes that involve 

abductive reasoning. He disputes the common claim that hypothesis generation is 

inductive rather than abductive, but there is disagreement on this point (Allchin, 2003; A. 

E. Lawson, 2003, 2005). Flach (2000) sees hypothesis generation as either inductive or 

abductive depending on the context, and does not even draw a hard line between the two 

types of reasoning to begin with. Generally speaking, however, a hypothetico-deductive 

reasoning sequence uses abduction or induction (depending on your view) for hypothesis 

formulation, abduction in test design, deduction to forms expected results, and deduction 

again to compare observed and expected results. 

 

2.3.3 Concluding remarks on scientific cognition 

 

In conclusion, scientists use a wide range of cognitive activities in their work, including 

various types of reasoning, analogies, categorization, distributed cognition, and 

hypothetico-deductive reasoning. While there has been substantial progress in the 

understanding of scientific cognition, the field remains relatively immature. It seems to 

lack any kind of central theory that would bind the findings together to form a cohesive 

theory with predictive power. Nonetheless, the research up to this point provides ample 

opportunity for further exploration of this topic. 

 

2.4 Design thinking versus scientific thinking 
 

When explaining what makes design unique, design researchers often mention either its 

sheer complexity or its seemingly special combination of various forms of thinking (Cross, 

2007b). Design is considered so wide and complex that Lawson and Dorst (B. Lawson & 
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Dorst, 2009, p. 26), two central figures in design research, refuse to even define “design” 

in any definitive manner, lest their definition fall short of the perceived vastness of their 

domain. This uniqueness is often expressed as “designerly” ways of knowing (B. Archer, 

1979; Cross, 1982, 2001, 2006, 2007b; B. Lawson & Dorst, 2009), a special type of 

knowing (built on Schön’s (1983/2016) epistemology of practice) that is distinct from 

other types of thinking, such as scientific or artistic thinking. 

 

According to Lawson and Dorst (2009), design is a “mix of rational, analytical thinking 

and creativity”, which they call a “defining characteristic of design”. Although they do 

not state it explicitly, they imply that it is not present in other domains. However, there is 

evidence that both analysis and creativity are heavily present in science, too. While few 

would deny that science is analytic, it may be less obvious that scientific work is also 

often creative. According to Simonton (2004), some of the most famous scientific 

contributions in history, such as Newton’s Principia, were products of intense creativity. 

Even Lawson and Dorst (2009, p. 37) themselves use Darwin’s creation of his theory of 

evolution as an example of a “gigantic creative step” when discussing creativity in design. 

 

While the distinction between design and science appears to be common among design 

theorists, it is not universal. As shown by Motte and Bjärnemo (2011), some earlier design 

researchers, such as German design engineer Hansen (1968), suggested that design and 

scientific research utilize the same thought processes, only moving in opposite directions; 

designers make abstractions of problems and deduce solution principles from them, while 

researchers gather knowledge from which abstractions appear. They also point out that 

while Simon initially differentiated design and science (Simon, 1969), he later concluded 

with his colleagues that the cognitive processes underlying both scientific and design 

thinking are “virtually identical” (Cagan et al., 2001). Motte and Bjärnemo conclude that 

the main difference between design and science is the “object of study, not the nature of 

the process” (2011, p. 7). This is also in line with Dunbar’s (2002) view that all human 

activity is fundamentally made up of the same cognitive building blocks. In fact, many of 

the cognitive activities observed in science, such as abductive reasoning (Thagard & 

Shelley, 1997) and analogies (Dunbar & Blanchette, 2001), are also common in design 

(Dorst, 2011; Holyoak et al., 2001). 
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The importance of unexpected consequences, as emphasized by Schön (1983/2016) as 

essential to design, is also highlighted in science. As previously mentioned, Dunbar 

(2002) found that up to 70% of results discussed in lab meetings were unexpected. Later, 

he and his colleague Jonathan Fugelsang concluded that scientists deliberately seek out 

unexpected findings by including a variety of facets and control conditions in their 

experiments (Dunbar & Fugelsang, 2005). As they write: “scientists are not passive 

recipients of the unexpected; rather, they actively create the conditions for discovering 

the unexpected and have a robust mental toolkit that makes discovery possible” (Dunbar 

& Fugelsang, 2005, p. 74). This suggests that both scientists and designers seek the 

unexpected for the same reason: it helps them make discoveries and extend their thinking 

in new directions. 

 

Despite all this, a design-science split seems to endure, especially among designers. Like 

Schön, Cross (2007b) is opposed the idea of design as a science, and is not alone in this 

regard. As Grant (1979) declared: “Most opinion among design methodologists and 

among designers holds that the act of designing itself is not and will not ever be a 

scientific activity; that is, that designing is itself a non-scientific or a-scientific activity.” 

While perhaps not a universal sentiment, as views seem to vary somewhat between design 

disciplines, the subject of design as science is controversial to say the least (Cross, 2007b; 

de Vries et al., 1993). 

 

There are a number of possible reasons for this. For one, the historical divergence of 

design from the sciences in the latter half of the twentieth century still impacts the field 

today. The perceived failure of domain-general “scientific” design methods to account 

for the complexity of practice encouraged scholars to re-examine the underlying 

philosophical assumptions of design (de Vries et al., 1993). In particular, Schön’s pointed 

dismissal of Simon’s “science of design” managed to sever many connections to science 

(Meng, 2009). While Meng (2009) argued that Schön had misread Simon, the effects of 

the altercation have persisted. 

 

Moreover, as Motte and Bjärnemo (2011) argue, the design-science split seems to be 

predicated on a relatively narrow view of science that only involves analysis: pattern 

discovery and hypothesis testing. They point out that other central components of science, 

such as scientific discovery and the formation of new theories and hypotheses, are often 
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discounted. As revealed by STS (Knorr Cetina, 1995), “doing science” is not quite the 

hyper-rational pursuit it is often portrayed as, but rather a complex and multifaceted 

process, the full breadth of which rarely makes it into published research papers. This, 

however, may not be known to designers, many of whom likely still think of science as 

the extremely rational and systematic pursuit touted by positivists. Motte and Bjärnemo 

(2011) also note that even the hypothetico-deductive activity most commonly associated 

with science may not necessarily be unlike design either. In their thinking, hypothesis 

formulation and testing are “not conceptually different” from prototyping and analysis in 

design (Motte & Bjärnemo, 2011, p. 7). 

 

In any case, there is a clear lack of research that explicitly juxtaposes design and science 

on a cognitive level. While both processes have been studied individually, there appears 

to be little overlap between the two fields. As noted previously, despite a wide range of 

studies, both fields also appear to lack a central cohesive theory with predictive power 

(Giere, 2008; Hay et al., 2020). Although design cognition has recently taken an interest 

in cognitive science (Hay et al., 2020), the topics themselves (design cognition and 

scientific cognition) still seem to rarely overlap. Thus, there is reason to investigate this 

further and potentially find common ground. 

 

2.5 Research questions 
 

As described above, prevailing sentiment among many design scholars is that design and 

science are fundamentally different processes. Nonetheless, much of the literature 

surrounding the two processes suggests that they may be more similar than previously 

thought. Thus, the purpose of this thesis is to study design cognition and investigate the 

ways in which it resembles scientific cognition. More specifically, the aim of the 

empirical study is to respond to the following research questions: 

 

1. How do designers think when designing? 

2. In what ways does design thinking resemble scientific thinking? 

 

The first research question seeks to form an understanding of design thinking that is not 

explicitly tied to any existing theory of design thinking. As the prevailing sentiment 

within design is that design is unique and distinct from scientific thinking, existing models 
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of design cognition were not used to avoid potential skewing, and to examine design 

cognition more neutrally. 

 

The second research question was chosen for two reasons. First, it could provide 

important insights into the structure of cognition, as well as possible ways to integrate the 

two seemingly disparate types of cognitive activity (design and science). Second, it could 

foster communication between the two domains. 
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3 METHODS 
 

In this section, the methodology of this study is presented. First, the chosen study method 

is described, as well as the motivations for choosing it for this study. Second, the method 

of analysis is delineated. 

 

3.1 Research approach 
 

Both design cognition and scientific cognition have been studied using a variety of 

methods. In some instances, scientists have been interviewed (Thagard, 1999). However, 

more involved methods have also been used. In a methodological review, Klahr and 

Simon (1999) catalogue four “convergent approaches” used in scientific cognition: 

historical accounts of scientific discoveries, laboratory approaches, direct observation of 

scientific work, and computational modelling. Laboratory approaches include various 

experimental problem-solving and discovery research, as well as protocol studies. Direct 

observation includes the previously-mentioned “in vivo” research conducted by Dunbar 

(2002), where he and his colleagues studied scientists working in their natural 

environments inside science labs. Dunbar and Fugelsang (2005) also mention these same 

four approaches, but add two more: “ex vivo” methods, which include protocol studies, 

interviews, and diary studies, and “in magnetico” methods, which involve brain imaging.  

 

Within design, some similar methods have been used, but not quite as broadly. In a 

thematic collection of design cognition analysis, Hay et al. (2020) mention that design 

cognition has mostly been studied with qualitative or mixed-method research, such as 

protocol studies and case studies over the past six decades. They do, however, add that 

physiological and neurophysiological methods have also been on the rise in the field. 

Nonetheless, they argue that design cognition should adopt more topics from cognitive 

science, such as different types of memory, stimulus processing, metacognition, and 

executive function, to “overcome stagnation in design cognition topics and 

methodologies” (Hay et al., 2020). 

 

For this thesis, I chose protocol analysis as my main method. As formulated by Simon 

and his colleagues (Newell & Simon, 1972; Ericsson & Simon, 1984), protocol analysis 

captures and analyzes subjects’ verbal outputs, which are considered direct expressions 
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of their thinking. In this method, subjects are given a task or set of tasks to perform, and 

typically asked to think aloud while they perform them. Their verbal outputs are then 

transcribed, segmented, codified, and analyzed. When conducted properly and taking all 

context into account, Ericsson and Simon (1984) argue that verbal reports provide 

valuable and reliable insights into cognitive behaviors. 

 

In some instances, participants have not been asked to think aloud during the task but 

rather describe their thinking afterwards. According to Kuusela and Pallab (2000), the 

idea behind this so called “retrospective protocol analysis” is to prevent concurrent 

verbalizations from slowing down the decision-making process of participants. While this 

is also considered a valid method, they found that concurrent protocol analysis tended to 

elicit richer data overall (Kuusela & Pallab, 2000). It suggests that thinking while doing 

is not the same as recalling what you were thinking, as the temporal difference alters the 

context. For that reason, I opted for concurrent over retrospective protocol analysis. 

 

The reason I chose protocol analysis specifically was fourfold. First, as mentioned earlier, 

protocol studies have been used in both design thinking and scientific thinking studies 

(Dunbar, 2002; Hay et al., 2020). Thus, it is a logical choice for this thesis, as it may make 

it easier to juxtapose design and scientific thinking.  

 

Second, concurrent protocol analysis also has some inherent advantages over some other 

methods, such as interviews. Nisbett and Wilson (1977) famously argued that a subject’s 

verbal reports about their own thinking (gathered from interviews, for instance) do not 

necessarily reflect their genuine thinking processes. They argue that if a person is asked, 

for instance, “how did you solve this problem?”, they will base their answer on 

preconceptions and judgments of plausibility rather than genuine introspection. They 

conclude that people may not be capable of accessing their own mental processes of their 

own volition (Nisbett & Wilson, 1977). Nonetheless, concurrent protocol analysis 

manages to sidestep this issue (at least to some degree) by forcing subjects to verbalize 

their thoughts before they have time to process or filter them (Ericsson & Simon, 1984). 

Thus, even if subjects cannot intentionally access their own thinking patterns, they can 

still express them naively as they occur. 
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Third, protocol studies are also relatively cheap and easy to set up, requiring no laboratory 

equipment or specific room layout. Tasks also generally only require minimal tools, such 

as pen and paper, as the focus is on the cognitive processes of the participant rather than 

the task itself. The method also lends itself well to remote participation; as the COVID-

19 pandemic was still ongoing at the time of the study, I decided to gather all the data 

completely remotely using online video conferencing software. Importantly, as the study 

was conducted a year into the pandemic, it is reasonable to assume that the participants 

were used to video conferencing, so it likely did not affect the reliability of the study. To 

the contrary, it may even have boosted the ecological validity by allowing subjects to 

participate from their own familiar environments using their own tools and setups. Video 

conferencing software also make video and recording easy – cameras, microphones, and 

screen capture technology are ubiquitous in today’s computers and smart devices, which 

eliminates the need for complicated camera setups and potential discomfort from such 

arrangements. 

 

Finally, I have conducted think-aloud studies in another context for years: usability and 

user experience research. Thus, concurrent protocol analysis was a natural fit for my 

skillset. Qualitative data analysis is often a delicate, and to some degree, participatory 

process. Thus, my prior work experience gave me an optimal basis for this method.  

 

3.2 Procedure 
 

The data gathering of this study consisted of five sessions (one pilot and four main 

sessions), with one subject each. Every session included a brief, warmup, design task, and 

debrief. There was no strictly defined length for the session, but subjects were given a 

recommended amount of time for design task: 45 minutes. However, this was only an 

estimate; subjects were told to take as much or as little time as they needed to complete 

the task in a satisfactory manner. All in all, sessions lasted between an hour and an hour 

and 40 minutes, depending on how long the subject worked on the task. 

 

Participants were encouraged to use whatever tools they wanted for the design task, 

including sketching and computer software. As the recommended task time was relatively 

short, all participants opted for sketching, as it was the simplest option. To show their 

sketching, they tilted their webcam-equipped computers so that I could observe their 
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design process in real time. There was one exception, where one subject preferred to 

sketch with a tablet and electronic pen, in which case I followed the sketching process 

through the screen capture feature in the video conferencing software. I turned off my 

camera while subjects were designing, effectively making me invisible to the subjects for 

the duration of the design task, thus reducing the effect of researcher presence. 

 

3.3 Design task 
 

To practice thinking aloud, subjects were first asked to perform a small number of 

warmup tasks. These included multiplications, for example “without using a calculator, 

what is 12 times 34?” and memory retrieval (“name fifteen animals found in Finnish 

nature”). Subjects were encouraged to think aloud and sketch while coming up with their 

answers. The warmup tasks were generally successful in encouraging thinking aloud, but 

they turned out to be a tad on the short side. To provide them with extra practice, the final 

two subjects were given an additional short warmup task: “design an ideal setup for 

remote work”. This task was optimal, as it got subjects used to sketching as well as 

thinking aloud concurrently. 

 

After the warmup task, subjects were introduced to the main design task, which was to 

design an ideal COVID-19 vaccination facility based on a set of requirements. 

Requirements included logistics, such as the facility having to accommodate up to twenty 

vaccinees at a time, and distance guidelines, such as vaccinees having to maintain a two-

meter distance from each other. Subjects were instructed to perform the subject alone. 

While they were not forbidden from asking questions, they were generally encouraged to 

Your goal is to design an optimal COVID-19 vaccination point, where people can 

be vaccinated as humanely, safely, and efficiently as possible. The number of 

vaccinees arriving at once varies, but with a maximum of 20 at a given time. 

Vaccinees need to stay at least 2 meters apart, and the space should be well-

ventilated. Vaccinees are allowed to be inside rooms only one at a time – several 

vaccinees cannot be in the same room at the same time. Newly vaccinated people 

are not immune right away (that takes weeks), and should also stay after the 

vaccination for 15 minutes to ensure that medical personnel can intervene if they 

have an allergic reaction. The vaccination point should also be movable from place 

to place (e.g. market square, open field). 

Figure 2. Design task brief 
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interpret the brief as they saw fit. This was done to encourage subjects to think 

independently, as the goal was to observe and examine their natural creative design 

process. It was also done to avoid a fixation on designer-client interaction, as it was not 

within the scope of this thesis. 

 

After the pilot session, the subject commented that he felt the design task could have had 

a few more specifications to make it more grounded and realistic, as he felt he had to 

make some assumptions during the task. Based on the feedback, the design task was 

adjusted slightly; and a few extra criteria were added to the brief to make it clearer and 

more grounded in reality. These additional criteria included the clarification that newly 

vaccinated are not immune right away, and the stipulation that vaccinees should stay for 

15 minutes after the vaccination in case of allergic reactions. Some of the pilot 

participant’s additional interpretations about the task criteria, such as making the facility 

movable, were also worked into the final brief to ensure that all sessions had a similar 

focus. See Figure 2 for the finalized task brief. 

 

3.4 Participants 
 

A total of five experienced architects were recruited for this study, one of whom 

performed the pilot session. All participants had worked as professional architects for at 

least 6 years, with many having decades of experience. All subjects also had extensive 

experience in designing buildings, the type of design relevant for the design task in this 

study. Subjects were all were based in southern Finland, of which four were based in the 

Greater Helsinki area. They were encouraged to use their native language in the think-

aloud study, which was Swedish for all subjects. Both men and women were among the 

subjects, however, all are referred to as “he” in this thesis to preserve anonymity. While 

the singular “they” is sometimes used for the same purpose, its plural form may confuse 

and thus “he” is used. To differentiate between subjects, they are each assigned the letter 

A and a number: A1 (pilot), A2, A3, A4, and A5. 

 

The reason for choosing experienced designers was to ensure they had formulated a 

coherent design process over years of practice, to ensure that it had solidified enough to 

be consistent and measurable. There is evidence that expert designers approach design 

problems differently than novice designers (Ahmed et al., 2003; Cross & Cross, 1998). 
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Some evidence also suggests that expert designers are more productive and organized 

than novices, and that experts’ verbal outputs are easier to analyze (Kavakli et al., 1999; 

Kavakli & Gero, 2002). This also enables sensible comparisons to scientific cognition, 

which has been studied with experienced researchers (Dunbar, 2002). 

 

The reason for choosing architects over other designers was threefold. First, architecture 

is old and universal. It has existed everywhere humans have built spaces and continues to 

be highly relevant, making it a fitting candidate to represent design more broadly. As 

Donald Schön (1983/2016) put it: 

 

“It is perhaps the oldest recognized design profession and, as such, functions as 

prototype for design in other professions. If there is a fundamental process 

underlying the differences among design professions, it is in architecture that we 

are most likely to find it.” (1983/2016, p. 77) 

 

Second, architects have been extensively studied in design research. Thus, there already 

exists a base of knowledge of architectural design on which to build. Third, architecture 

deals with familiar and universal things, making their output relatively straightforward to 

analyze even for laymen. In contrast, interpreting the output of a service designer or 

mechanical designer would likely have required domain expertise. Architectural sketches, 

on the other hand, are relatively easy to understand, and complement verbal data well. 

 

3.5 Recording Equipment and Data Analysis Software 
 

Sessions were held and recorded using the video conferencing software Zoom. For four 

out of five subjects, the sketching process was recording using a webcam directed at their 

desk. For one subject, who used a tablet with an electronic pen, the sketching was 

recorded using screen capture. The verbal data was transcribed manually using 

f4transkript, and the coding and data analysis was done using the qualitative data analysis 

software ATLAS.ti 9. 

 

3.6 Coding 
 

As explained earlier, there is a pervasive belief among design scholars that scientific work 

and design are fundamentally different. As there is little evidence for this and considering 
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the aim of the study, to examine how designers think and whether there are similarities to 

scientific thinking, I chose to code the data inductively, without using any existing design 

framework or coding scheme. Existing design frameworks are built on the assumption 

that design is special – as one of my goals was to investigate its potential similarities with 

another domain, scientific thinking, existing design frameworks would not have provided 

the right type of data for this analysis.  

 

The transcripts and video data were coded in parallel to capture the maximum range of 

activity the subjects performed during the design task. A snapshot of the coding process 

in ATLAS.ti can be seen in Figure 3. In the inductive coding process, the coding scheme 

gradually took shape over many iterations. The process and the resulting coding scheme 

and model are presented in the next section. 

 

 

Figure 3. A snapshot from the coding process in ATLAS.ti 9. The session video on left 

is synchronized to the transcript on the mid-right. The coded segments are on the far right. 

 

3.7 Ethical considerations 
 

This study was conducted according to the ethical guidelines for human-centered research 

outlined by TENK, the Finnish National Board on Research Integrity. In accordance with 

the guidelines, all subjects were adults who participated voluntarily, who could interrupt 

the session at any point. Permission to use the recorded data was obtained orally (recorded 
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on video) from all subjects, and the data was used only for research purposes. Access to 

the data has not been given to any outside person or organization. The data is stored for a 

limited time and will be destroyed once it is no longer needed for research purposes. 
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4 ANALYSIS AND FINDINGS 
 

In this section, the results of the empirical study are presented in three subsections. First, 

the coding scheme and subsequent sequence model that emerged from the inductive 

coding process are presented. These models were necessary to be able to answer both 

research questions in this study, but they can also be considered an additional result by 

themselves, potentially usable in future research. Next, the first research question (“how 

do designers think when designing?”) is addressed in light of the empirical findings, after 

which the second research question (“in what ways does design thinking resemble 

scientific thinking?”) is addressed. 

 

4.1 Formation of the coding scheme and model 
 

As stated in section 3, no existing coding scheme was used for this study. Thus, it needed 

to be generated. First, I examined the data from the pilot session, simultaneously 

analyzing the transcript and video recording. Over the course of two full passes of the 

pilot data, I generated dozens of codes for various types of activity found in the data. At 

this point, the codes were not systematically categorized in any specific way: some codes 

described the subject’s behavior while other focused on the topic the subject focused on. 

Still other codes focused on the types of reasoning the subject employed.  

 

To clarify the coding scheme, I split it into two dimensions: design activity and cognitive 

activity. The design activity dimension would focus on what the subjects were doing at 

any given time, such as sketching or evaluating. Thus, the design activities would form a 

rough timeline of the subjects’ actions. The cognitive activity dimension, on the other 

hand, would focus on specific cognitive activities the subjects would use, such as 

deductive reasoning or analogies.  

 

The distinction is somewhat artificial, as design activities also involve cognitive 

activities; the double coding aimed to capture both layers in a more nuanced way. The 

goal of coding cognitive activities separately was also so that they could be compared 

with the corresponding scientific cognitive activities listed earlier in Table 1.  
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4.1.1 Design activity 

 

To make sense of the scattered codes, I drew from the existing design cognition literature 

(Gero, 1990; Gero & Kannengiesser, 2004; Jin & Chusilp, 2006; B. Lawson & Dorst, 

2009), nonetheless while maintaining an open mind and without directly applying any 

specific theory. With this in mind, I created a rudimentary model based on the pilot data 

which would group together the codes into larger categories. I had noted that the subject 

often moved in specific patterns, in which I identified four main steps: framing, ideation, 

implementation, and evaluation. In a common pattern, the subject moved through each 

step in order. First, the pilot subject would mentally frame the context based on a specific 

topic or problem of interest. Second, he would generate ideas. Third, he would implement 

these ideas by sketching them out, and finally, he would evaluate their design based on 

relevant criteria. These four steps were involved throughout the design process, although 

sometimes in different combinations and permutations.  

 

I incorporated my scattered codes into these main four design steps and used this general 

scheme to code the other sessions. With each new session I coded, I iteratively improved 

the coding scheme to remove overlaps and improve the fit of the model for my data. For 

instance, I combined the ideation and implementation steps into a single “create” step, as 

the processes seemed to be tightly intertwined. This also streamlined the model, making 

it more flexible. After coding the design activity for all sessions, the coding scheme and 

design activity model (hereafter DAM) had coalesced into its final form shown in Figure 

4 and Table 2.  

 

While the creation of the DAM was a result of iteration, it actually bears resemblance 

with Dorst’s (2011) model, which formalizes the same three design steps (frame, create, 

evaluate) as a sequence of induction, abduction, and deduction. Nonetheless, the DAM is 

more flexible, as it technically allows for moving through the three steps in any order or 

sequence. 

 

In the end, a total of 1333 design activity segments were coded. Subjects generally rapidly 

switched activities, so individual segments were generally short, ranging approximately 

from one second to one minute. The vast majority of coded segments were around a few 

seconds long, often comprising a short sentence or part of a sentence. As mentioned 



35 

 

earlier, the five subjects are referred to according to the following system: A1 (pilot), A2, 

A3, A4, and A5. While there were both men and women among the subjects, they are all 

referred to as “he” to preserve anonymity. 

 

After the final coding scheme had formed, I recoded all the sessions again to ensure all 

of them were coded using the same system. Finally, from the coded data I identified four 

specific patterns within the three-step model: full loops, extensions, partial loops, and 

reverse loops. There were also a small number of sequences where subjects appeared to 

perform multiple types of processing simultaneously. These were difficult to fit into the 

model and were put into a fifth category: parallel sequences. All five sequence types are 

presented in more detail in section 4.2.1. 

 

 

Figure 4. The design activity model (DAM). 

 

4.1.2 Design activity model (DAM) 

 

The final model as seen in Figure 4 was made up of three main steps: frame, create, and 

evaluate, each expressed with a number of codes. For tangential and unrelated activity, a 

fourth category, “other”, was also created. See Table 2 for a full list of design activity 

codes. 

 

Frame 

 

Framing was the general starting point for all design activity. This was where subjects 

defined their current area of focus. Framing can also be thought of as intentionally 

defining a bounded range of knowledge within one’s working memory. Four different 

codes were used to express framing: frame/reframe problem, review/recap, checking brief, 

and evaluating brief. An additional phenomenon, thematic switch, was also categorized 

as framing even though it did not have a code of its own. 

Frame 

Create Eval. 
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Table 2 

Design steps and codes for design activities 

Design step Design activity code Description 

Number 

of 

segments 

Frame 

Frame/reframe problem 

Defining or redefining a frame, the mental 

boundaries for the current context. Can be 

thought of as defining or redefining the current 

mental problem space. 

219 

Review/recap 

A retread of a previous problem, idea, or 

sketch, with no explicit intention to make 

additions or changes. 

135 

Checking brief 
Checking or contemplating on the design task 

criteria. 
32 

Evaluating brief Evaluating the design task criteria. 8 

Create 

Generate ideas Generation of design ideas. 145 

Implement/make decision 

Implementation of generated ideas by 

sketching. If a subject makes a clear decision 

on a design feature without sketching it, that 

also falls into under this code. 

108 

Generate + implement 
Both idea generation and implementation, 

where the two processes are so closely 

intertwined that they are difficult to separate. 

284 

Comparison* 

Comparing the current problem or design to an 

external problem or design (i.e. "this could be 

like at the airport").  

*While primarily a tool for ideation, it can also 

be considered framing and evaluating in 

different circumstances. 

18 

Evaluate 

Evaluate 
Evaluating or considering implications of a 

design or decision. 
266 

Noticing unexpected 
Noticing something unexpected about the 

design that is wrong or needs to be altered. 
26 

Other 

New sketch 
The subject starts a new sketch, either a new 

document or a new sketch on the same 

document. 

32 

Meta/unrelated 

A catch-all code for any metacommentary or 

unrelated matters, such as fiddling with 

sketching tools, or mentioning unrelated 

topics. 

60 
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The first, frame/reframe problem, was the most common of the four. Here, the subject 

framed their problem, laying the cognitive groundwork for designing within the frame. 

For example, after designing a staff room for medical personnel, A1 stopped to wonder 

whether the guests would also need a bathroom, thus reframing the problem. All subjects 

performed this type of framing frequently in different situations: 

 

“What happens if the guests need a bathroom?” (A1) 

“And we have to assume that you can exit and that (. . .)” (A2) 

“Outerwear, you have to be able to leave them somewhere.” (A3) 

“But one that would also be safe (. . .)” (A4) 

“(. . .) this would require there to also be a place to wait when you go out” (A5)  

 

By introducing a topic, problem, or requirement, subjects framed their context, which 

allowed them to start creating designs within that frame. This is highlighted by the fact 

that most creative moves that subjects made started with this code. 

 

The second code, review/recap, was the second-most frequent code that depicted framing. 

Here, rather than intending to shift their frame, subjects simply restated a previous 

problem or design they had created. Subjects would often point at or trace their design 

with a pen when reviewing their designs. This type of framing was also common among 

all subjects: 

 

“This is the space where you wait.” (A1) 

“So this is how it works. Here you get a shot. And then you go in and out.” (A2) 

“You come in, you take off your outerwear. You go and sit somewhere.” (A3) 

“There. Ceiling, technical.” (A4) 

“So this is our module, and…” (A5) 

 

The final two codes, checking brief and evaluating brief, were about the design task brief 

given at the start of the session. Segments coded “checking brief” were usually just the 

subject reading aloud the task brief whenever they needed to recheck the task 

requirements: 

 

“Hm. Two meters apart… Ventilation.” (A1) 

“Newly vaccinated people are not immune right away…” (A2) 

“(. . .) several vaccinees cannot be in the same room at the same time.” (A3) 

“The number of vaccinees arriving varies, but with a maximum of 20 at a given 

time.” (A5) 
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Segments coded “evaluating brief” were relatively uncommon, usually appearing right at 

the start of sessions: 

 

“Okay, well this is quite relevant, this was an interesting task.” (A1) 

“This is a little contradictory with the two meters apart and only a single person 

being in a room at a time.” (A3) 

“I appreciate the brief already because it has the word “humanely” included.” (A5) 

 

Both “checking brief” and “evaluating brief” were seen as a form of framing, as subjects 

used the brief to frame the problem and context in their minds. 

 

While it did not have its own code, abrupt switches in theme were also considered a type 

of reframing. For example, if a subject is designing walkways inside their building, and 

suddenly starts designing ventilation shafts, a thematic switch has occurred, even if the 

subject does not say anything to indicate a reframing. In the following example, A4 first 

designs an entrance and exit, evaluates them to be clear, and immediately (starting from 

“Here we could even…”) starts altering to the roof, making the overhang longer: 

 

“Then we have the exit here, and the entrance here. That is rather clear. Here we 

could even have… This roof could come a bit more over [have more overhang]” 

(A4) 

 

In this instance, there was no explicit reframing activity, but the thematic switch from 

exits (related to the flow of people) to the roof still constituted a type of reframing, as the 

focus clearly shifted from one item to another. 

 

Create 

 

Creating was a central design step, often following framing or evaluation. This was where 

subjects came up with their designs and sketched them out. Four codes were used to 

express creation: generate ideas, implement/make decision, generate + implement, and 

comparison. 

 

The first code, generate ideas, was for segments where subjects would formulate design 

ideas in their minds without sketching them out. These segments usually consisted of 

short sentences where subjects considered a design idea: 



39 

 

 

“But then I would design a box, yes. A COVID box.” (A1) 

“This is a modular system that can be transported on a flatbed.” (A2) 

“If we think of a booth… Two meters apart.” (A3) 

“If we have two [hallways]…” (A4) 

“If we have two [meter wall] here.” (A5) 

 

The second code, implement/make decision, was for segments where subjects sketched 

out their ideas without generating new ones. It also covered situations where subjects 

would, without sketching, make a clear design decision, for example after previously 

generating a number of possible alternatives. Verbalizations while implementing tended 

to be rather terse: 

 

“I’ll draw it like this.” (A1) 

“Here is a rest. Rest, rest. And here is vaccination.” (A2) 

“We’ll divide it like this.” (A3) 

“We’ll put that here.” (A4) 

“Then we’ll put in these on this side as well.” (A5) 

 

As these two activities were often concurrent or simply difficult to temporally separate in 

the data, the third code, generate + implement, was introduced. Often subjects would 

sketch their ideas while generating them, so in those instances it was not possible to assign 

separate codes for idea generation and implementation. Subjects would often verbalize 

what they were drawing while sketching: 

 

“If you have a box like this (. . .)” (A1) 

“Then you would have really simple benches, logs to sit on for a quarter hour.” 

(A2) 

“You come in for example from there. And you go out from there.” (A3) 

“Then the exit comes here.” (A4) 

“Then we could maybe place a shelf here or something.” (A5) 

 

 

As shown in Table 2, the “generate + implement” code was the most frequently used 

design activity code overall. It was used in 284 segments while “generate ideas” and 

“implement” only had 145 and 108 respectively, which highlights how common it was to 

perform these two activities simultaneously. 
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The comparison code was used when subjects made an analogy to an external problem or 

design. Subjects would draw inspiration from other objects and systems:  

 

“So this could be a bit like, for example the safety check at an airport (. . .)” (A1) 

“(. . .) where it is drawn on the floor like at the shop ‘don’t go closer’” (A2) 

“Perhaps some sort of ticket system, like at the post office or something.” (A3) 

“Blue, they use that at medical clinics quite often.” (A4) 

 

 

Comparison was a somewhat special case, as while it was often used as a tool for ideation, 

like in the earlier example, it could also potentially be seen as a form of framing or 

evaluation, depending on the context. In another comparison, A3 stated:  

 

“I was actually at one of those— mom and dad got vaccinated a while ago. And I 

was there helping them”.  

 

This was perhaps more in line with framing than ideation, but as shown, the distinction is 

not always completely clear. Nonetheless, as comparison was most often associated with 

ideation, it was placed within the “create” step. 

 

Evaluate 

 

Subjects would often evaluate their designs in different contexts. Two codes were used 

to express evaluation, evaluate and noticing unexpected. 

 

The first code, “evaluate”, covered most instances of evaluation. Commonly, evaluations 

were positive, where subjects would remark on the good qualities of their design: 

   

“And that one could be, as a space, more efficient. Because then people are not as 

much in contact with each other.” (A1) 

“2.5 meters would fit better (. . .)” (A2) 

“This should work.” (A4) 

“Because I think symmetry would be good.” (A5) 

 

However, in some instances, subjects were also more critical, if they found something in 

their design that did not work well enough: 

 



41 

 

“That doesn’t need to be 1.5. You don’t need 1.5 meters to vaccinate a person”. 

(A1) 

“But this really is a whole lot of bouncing around.” (A4) 

 

The second code, “noticing unexpected”, was a code applied to segments where subjects 

noticed something in their design they did not like or expect. These were short segments, 

one second or so, often leading right into more comprehensive evaluation as described in 

the previous code. This commonly occurred right after the “review/recap” code, as 

subjects would notice something wrong with their design while recapping. This is 

illustrated by A2, when reviewing a vaccination module he had designed earlier:  

 

“In any case, you come in, get vaccinated— Oh yeah, you have to be able to get 

out as well (. . .)” (A2) 

 

While reviewing how users would move through the room, he noticed that an exit was 

missing at a specific place. In this case, the sequence followed the pattern of 

“review/recap”, “noticing unexpected”, and “evaluate”. 

 

Other 

 

This category was for tangential or unrelated activities. While not directly related to the 

design process, these segments gave some insight into when and how often unrelated 

events occurred during the sessions. Two codes were used: new sketch and 

meta/unrelated. 

 

“New sketch” was used when subjects started a new sketch, either on a new document or 

on the same document. “Meta/unrelated” was a catch-all code for any metacommentary 

or unrelated matters, such as when subjects fiddled around with their sketching tools. This 

code was also used for interruptions, such as if a phone rang, but they were rare. 

 

4.1.3 Theme tags 

 

In the sessions, subjects frequently shifted their focus between different aspects of their 

design. For instance, subjects might plan the logistics one moment and design the 

ventilation system shortly after. To capture these thematic shifts, each coded design 

activity segment was tagged with one or more theme tags. For example, if the subject was 
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designing general features, such as rooms or tables, those segments would be tagged with 

the “features” tag. Similarly, segments where the subject focused on the construction 

materials of their building would be tagged with the “configuration/construction” tag. See 

Table 3 for a complete list of theme tags. 

 

While most segments received only one theme tag, in some instances, several theme tags 

were needed. In one example, A4 was considering adding windows to a wall at a specific  

height to allow light to come through:  

Table 3 

Theme tags for design activity codes 

Theme tag Description 

Number of 

times used 

(can be 

several for 

one code) 

Features 

General design features of the design, including rooms, 

doors, windows, and more. Not made specifically as a 

point in the flow, but more general. 

153 

Flow 

The logistics and the flow of people. Taking the user’s 

perspective (“First I’ll go here, then I’ll go here…”) is also 

considered flow. This theme tag does not directly refer to 

any specific design feature, rather focusing on the “path” 

of the user. 

211 

Features via flow 

A specific design feature that comes up as a result of 

taking the user’s perspective. This usually occurs while 

designing the “path” of the user. 

273 

Dimensions Dimensions and measurements of design features. 278 

Configuration/construction 

Configuration of the design, including materials, mobility 

of structure, shape (in a functional, non-aesthetic sense), 

and location. 

222 

Technical 
Technical aspect of design, including electricity, 

ventilation, storage, and so on. 
67 

Aesthetics/comfort 

Aesthetic or comfort, including lighting, facade, coziness, 

user experience. This tag also includes general polish of 

the sketches and schematics, including signing and adding 

dates. 

103 

Whole/nonspecific 
Concerning the whole design rather than any specific part 

of it. 
37 

Unclear/silent 
Unclear from the data, as subject may be silent, or their 

voice may be unintelligible. 
22 
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“And then our windows at around a height of two meters. Up all the way to the 

ceiling so we get light in.” (A4) 

 

This short segment was coded with the “aesthetics/comfort” tag, as if the light was an 

aesthetic aspect, but also with “dimensions”, as the window was to be at a specific height 

of two meters. Additionally, the “features” tag was used, as the subject was designing a 

general design feature, as well as the “configuration/construction”, as it involved 

materials in the form of glass for the window. 

 

4.1.4 Overlapping design steps 

 

Subjects would rapidly change both design activity and theme, which made for a 

challenge in the coding process. The point where one activity would end and another 

would begin was often blurry; activities sometimes seemed to overlap. The model was 

geared toward capturing activities in sequences rather than parallel, some of the 

transitions could not be captured fully. This did not significantly affect the analysis, but 

it is worth pointing out nonetheless as it suggests that transitions between activities may 

have a parallel component. 

 

4.1.5 Cognitive activity 

 

After coding the design activities, I separately went through each session to identify 

cognitive activities with the goal of being able to compare them to scientific cognitive 

activities. However, it turned out that the cognitive activities were mostly already 

captured by the design activity dimension (see section 4.1.2). Apart from a few fragments, 

the separate coding of cognitive activities did not, in the end, identify additional cognitive 

activities. 

 

Analogies had already been captured in the design activity analysis under the 

“comparison” code, but I divided them further into within-domain and outside-domain 

analogies as done in science by Dunbar and Blanchette (2001). Analogies to medical 

objects, such as hospitals, were considered within-domain, while analogies related to 

unrelated objects, such as airports and prisons, were considered outside-domain. 
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4.2 Research question 1 
 

This subsection focuses on answering the first research question: “how do designers think 

when designing?”. It is further divided in two subsections, where the first presents the 

design activity sequences that were observed in the design sessions, and the second 

summarizes the findings for this research question. 

 

4.2.1 Sequences in design activity 

 

The design activities of the participants tended to follow specific patterns or sequences 

involving the three design steps: frame, create, and evaluate. These sequences fell into 

five categories: full loops, extensions, partial loops, reverse loops, and parallel sequences. 

While the sequences have differences, they generally started from the “frame” step and 

eventually returned there after the sequence ended, hence they are called loops. This 

“returning to frame” activity is not a design activity per se, which is why it is marked with 

a thin grey dotted arrow in Figures 5, 7, 9, and 11. It is meaningful to call them loops, as 

the entire design process can be seen as a chain of these loops. 

 

Full loops move through the three steps (frame-create-evaluate) in order. Full loops that 

have extensions, that is, additional create or create-evaluate sequences immediately 

following them, become extended loops. In most cases, extended loops only had one or 

two extensions, but longer chains were also observed in some instances. Partial loops 

involve framing and creating but omit the “evaluate” step. Reverse loops move in the 

opposite direction, going from “frame” to “evaluate”. These sequences sometimes result 

in extensions (create-evaluate) as well. The final category, parallel sequences, were 

special cases where subjects seemed to perform several activities at once. These were rare, 

however, only occurring four times in total in all the sessions. 

 

Overall, a total 421 sequences were identified between all five sessions. The length of the 

sessions varied between 27 to 67 minutes, as some subjects needed more time. However, 

all subjects performed on average two sequences per minute. Nonetheless, sequences 

varied in duration, from a few seconds to around a minute. Full loops, extensions, and 

partial loops made up the bulk of these sequences, with the distribution between them 

being roughly equal in number. Reverse loops were less frequent, with only a fraction of 
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the frequency of the previously mentioned sequences. Parallel sequences were rare, and 

only observed with three subjects out of five: A3, A4, and A5. For a more detailed listing 

of the frequency of specific design activity sequences, see Table 4. 

 

Full loop  

 

The typical full sequence, as illustrated in Figure 5, is a frame-create-evaluate sequence. 

First, the subject frames or reviews a section of the design or problem, then forms a design 

solution either as an idea or implements it into the sketch, and finally makes an evaluation. 

After completing the sequence, subjects typically return to the frame activity, completing 

the loop. This is marked with a thinner gray arrow in Figure 5, because it is not a design 

step per se although it typically follows the design activity sequence. 

 

 

Figure 5. The full loop, main sequence (frame→create→evaluate) marked by red arrows. 

 

In Figure 6, subject A1 performs a typical full loop. He first (6a) considers what is still 

needed for his facility and decides that it needs ventilation, thus adjusting his attention 

(framing) to that topic. Next (6b), he generates ideas and sketches them out continuously 

in a typical “create” episode. Finally (6c), he briefly evaluates his design, thinking his 

Table 4 

Design activity sequences in sessions 

Subject A1 (pilot) A2 A3 A4 A5 

Task time 38 min 34 min 27 min 67 min 57 min 

Full loop 20 20 14 41 26 

Extension 18 25 12 41 42 

Partial loop 21 16 23 30 23 

Reverse loop 5 8 9 6 17 

Parallel 

sequence 

0 0 1 2 1 

Total 64 69 59 120 109 

Frame 

Create Eval. 
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ventilation solution should work in his design. This sequence has no extensions, so A1 

returns to framing after this. 

 

 

Extension 

 

In many instances, subjects went back to creating after performing a full frame-create-

evaluate loop, thus extending the sequence (see Figure 7). As shown in Table 4, subjects 

performed about as many extensions as they did full loops. This did not mean that most 

full loops were followed by an extension, rather, subjects often chained together several 

extensions at once into a longer extended loop. Extensions do not contain framing, rather, 

they are create-evaluate sequences (and sometimes simply create, especially at the end of 

a chain of extensions) that inherit the frame of the previous sequence. 

 

Figure 7. Extended loop (full loop with extension), extension marked by green arrows. 

   

a) Frame 

“And then we of course need... Then 

we need—Oh right, if there is going 

to be ventilation and such...” 

b) Create 

“(. . .) then we need to have a 

second floor that has a ventilation 

machine room. In that case, we 

could probably put the stairs for 

example here, a spiral staircase 

that leads to the upper floor. 

(. . .) And then we have the machine 

room on top, and the ventilation 

runs down through here. And here.” 

 

c) Evaluate 

“In principle, a solution like this 

should work.” 

Figure 6. Subject A1 performing a full loop (a→b→c). 

Frame 

Eval. Create 
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In Figure 8, subject A2 is designing the entry points for his modular vaccination facility. 

His overall design consists of a series of box-shaped modules, each capable of vaccinating 

independently from the others. He starts (8a) by reviewing a previously-implemented 

design: having people queue on one side standing 2 meters apart. By reviewing an existing 

design, he mentally frames the context around that topic. Thus, this constitutes a “frame” 

step. Next (8b), he performs a “create” step by introducing roadways for cars to enter the 

modules from the other side. After starting to sketch, he realizes (8c) that it would be 

safer having roadways on every other module rather than every module. In other words, 

he performs an “evaluate” step by evaluating his design idea from a safety perspective. 

Next (8d), he implements his revised design idea by sketching it out, which again 

constitutes “create” activity. After sketching for a bit, he (8e) further evaluates his idea in 

terms of efficiency. Finally (8f), he finishes sketching the entry points to the modules in 

   

a) Frame (review) 

“And the queue here with two 

meters between them, people will 

stand here if they come by foot.” 

b) Create 

“There could be a car track, it 

could come in from the other side. 

So we could put the tracks coming 

from both sides like this—" 

 

c) Evaluate 

“But actually, it would be good to 

have it be every other one, that 

would be safer.” 

   

d) Create (extension 1) 

 

“So they come in from here, and 

here. From the other side. And here 

every other one comes in.” 

 

e) Evaluate (extension 1) 

 

“It will be more efficient that way.” 

f) Create (extension 2) 

 

“Like this. Right in here… In these 

modules.” 

Figure 8. Subject A2 performing an extended loop containing a full loop (a→b→c) and 

two extensions (d→e and f). 
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a final “create” step. The sequence is now finished, and A2 moves on to framing another 

aspect. 

 

Partial loop 

 

As shown in Table 4, a significant portion of the design activity sequences performed by 

subjects were partial loops; similar to full loops but lacking the final evaluation. In other 

words, they are frame-create sequences as illustrated in Figure 9. 

 

 

Figure 9. Partial loop. 

 

 

A typical partial loop is shown in Figure 10. In it, subject A3 quickly frames the context 

around healthcare personnel, generates ideas and implements them by sketching them out. 

In this instance, there is no evaluation step – the subject directly returns to framing. The 

sequence is short, only around 35 seconds, which is typical for this type of sequence. 

 

  

a) Frame 

“Healthcare personnel,” 

 

b) Create 

“would probably be about two-three people. Two 

people maybe. Then we would have a service point with 

two people. Here and here.” 

 

 

Figure 10. Subject A3 performing a partial loop (a→b). 

Frame 

Create Eval. 
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Partial loops seemed to be a routine sequence in the design process, usually performed 

when designing mundane or approximate features that generally did not elicit evaluation. 

The feature being designed in Figure 10 is a prime example: A3 is only creating a rough 

approximation of a vaccination point with two people, so there is not much need to 

evaluate it further. Evaluation and extensions were more likely to occur when designing 

either more detailed features or features that allow for more freedom. 

 

Reverse loop 

 

In some instances, subjects would perform a reverse loop, that is, move from frame to 

evaluate rather than create. The typical scenario was that the subject would review a 

previously made design, which would trigger reevaluation of it (see Figure 11). This 

reevaluation sometimes caused the subject to generate new designs, thus triggering a 

conventional forward sequence (extension). This reverse loop with extension is illustrated 

in Figure 11b. After the sequence is finished, the activity returns to “frame”. 

  

Figure 11. Reverse loop (a, left) and reverse loop with extension (b, right), extension 

marked by green arrows. 

 

Figure 12 depicts a reverse loop by subject A5 that is followed by two extensions. His 

overall design is based on modules that are attached to each other, where every module 

contains several rooms for vaccination. Reviewing (12a) the dimensions of a room inside 

his module, he frames the problem around that. This triggers him to reevaluate (12b) the 

dimensions of the room, thinking his previously suggested width, 4.5 meters, too large. 

This leads him to generate (12c) new dimensions for the room, suggesting 3 by 3 meters. 

Immediately following the suggestion, he rejects his idea (12d), considering it still too 

large. He makes another suggestion (12e), 2 by 2 meters, but falls back to his initial 4.5 

meters. Finally, he evaluates (12f) that 4.5 meters actually would be suitable after all, as 

it would allow him to fit in two rooms in that space. 

Frame 

Create Eval. 

Frame 

Create Eval. 
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Parallel sequence 

 

Although not very common, there were a few instances where subjects could be observed 

performing two things at once in parallel. Simultaneous activities were somewhat difficult 

to capture with the DAM, as the model is generally sequential in nature rather than 

parallel. 

 

In Figure 13, subject A5 can be seen performing multiple processes in parallel. Here he 

is formulating a general concept for his vaccination facility and remembers a time he went 

to get tested for COVID-19. At first glance, this sequence seems like a typical partial loop, 

as it mainly involves framing (13a-b) and creating (13c-d) in that order. However, he is 

also making active comparisons to an external source throughout the sequence, adding 

another layer of processing to the sequence. For instance, while framing the context (13b), 

he is simultaneously formulating and evaluating design ideas via his analogy of the 

   

a) Frame (review) 

“And this room here…” 

b) Evaluate 

“Maybe it doesn’t need to be 4.5 

[meters], that feels really big.” 

 

 

c) Create (extension 1) 

“3 by 3? Maybe?” 

   

d) Evaluate 

“12 square meters, that’s really 

big. It doesn’t need to be that big.” 

e) Create (extension 2) 

“Maybe 2 by 2. But if you have 

4.5…” 

 

f) Evaluate 

“then you could actually have 

two… Two rooms in one unit.” 

Figure 12. Subject A5 performing a reverse loop (a→b) followed by two extensions 

(c→d and (e→f). 
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COVID-19 testing facility he went to. The analogy is both a form of framing, as it sets 

the context for what he is about to do, but it is also is the source of design ideas. He also 

explicitly comments that he “was impressed with how it worked”, suggesting evaluation, 

but not of his own design. In the following steps (13c-d), while he is sketching the outlines 

of his design, he is, in parallel, framing and evaluating the situation based on his memory 

of the COVID testing experience. This sequence suggests some form of parallel 

processing. 

 

 

 

   

a) Frame 

“But what I’m thinking is— 

Because I’ve been on foot one time, 

I’m thinking— I think people will 

come here on foot. (. . .) That this is 

not a drive-in vaccination. I don’t 

think you can do that.” 

 

b) Frame (+ Comparison) 

“But I have been myself to get 

vaccinated— No, not vaccinated, 

but tested at [location]. And there I 

was impressed with how it worked. 

It was built into a warehouse.” 

c) Create (+ Comparison) 

“I’m sketching one now just for 

reference, let’s say.” 

 

 

d) Create (+ Comparison) 

“But there was a large space where you went in. 

And then it had an open hall where you had points 

on the floor two meters apart where you could wait 

and queue. 

 

And then there were these testing booths. How 

many were there, it was about 6, 7, 8. And then you 

walked out the other end.” 

 

 

  

Figure 13. Subject A5 performing a special type of partial loop (a→b→c→d). 
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Another form of parallel processing can be observed in Figure 14. There, A4 is designing 

a path along which the users will walk inside his vaccination facility. He performs a 

typical extension, that is, a create-evaluate sequence, where he sketches a path from the 

vaccination room to the exit (14a-d) and makes a quick evaluative remark (14e). However, 

it seems that he, in parallel, performs another smaller loop within this loop. While 

sketching, he generates an idea to make the adjacent wall half height (14a). Then, while 

simultaneously sketching the path for the users, he evaluates his half wall idea (14b-c). 

After that, he returns his focus to the path (14d-e). This overall sequence suggests parallel 

processing, albeit different from the type seen in Figure 13. 

 

 

 

   

a) Create (+ Create) 

“That one [wall] could be half 

height.” 

 

 

(sketches a path for users and 

generates ideas about an adjacent 

wall simultaneously) 

 

b) Create (+ Evaluate) 

“Then it’s more comfortable to sit 

by a wall. It does not need to be 

thin.” 

 

(sketches the path and evaluates 

design idea about wall height 

simultaneously) 

 

 

 

c) Create (+ Evaluate) 

“Wait. Yes, but there, so we will 

save that in the construction.” 

 

 

(stops for a second, but then 

resumes sketching the path and 

evaluating the wall simultaneously) 

  

 

d) Create 

“And you go out from there.” 

 

(now focuses solely on sketching the 

path) 

 

 

 

e) Evaluate 

“All right. Mm.” 

 

 

 

Figure 14. Subject A4 performs a smaller loop inside an extension sequence. 
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4.2.2 Summary of the findings 

 

In summary, subjects’ design processes followed specific patterns that fell into five 

categories: full loops, extensions, partial loops, reverse loops, and parallel sequences. 

Forward sequences, consisting of full loops, extensions, and partial loops, were frequent, 

accounting for most of the creative activity displayed by subjects. Reverse loops, where 

subjects would go from framing to evaluation without a creative step in between, were 

less common, but still performed by all subjects. Parallel sequences were rare, but the 

DAM also had some difficulty capturing this type of activity due to its sequential nature. 

While the duration of sequences varied, they were generally short, from a few seconds to 

a minute or two. 

 

4.3 Research question 2 
 

This subsection addresses the second research question: “in what ways does design 

thinking resemble scientific thinking?”. To this end, the cognitive activities found in 

science listed earlier in Table 1 are compared to the cognitive activities found in the 

empirical data. The findings are also briefly summarized at the end of the subsection. 

 

4.3.1 Cognitive activities in design and science 

 

As mentioned in section 2.3.2, scientific thinking involves a variety of cognitive activities, 

including deductive, inductive, and abductive reasoning, as well as analogies, 

categorization, causal reasoning, distributed reasoning, and hypothetico-deductive 

reasoning. To compare design thinking to scientific thinking, I juxtapose the findings 

from my data with the scientific cognitive activities listed in Table 1 on page 17. 

 

Deductive, inductive, and abductive reasoning 

 

Scientists use deductive, inductive, and abductive reasoning in various ways: deduction 

is used in logic and hypothesis testing (A. E. Lawson, 2005; Nersessian, 1999) and 

induction is used to form generalizations from individual observations (Sober, 2020; 

Sternberg et al., 2012). Abduction, also called productive reasoning, is thought to be used 

in hypothesis generation (A. E. Lawson, 2000). 
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While coding cognitive activities of the subjects, only fragments of explicit reasoning 

could be identified. This was because subjects tended not to explicitly verbalize the type 

of reasoning they were using. Explicit deductive reasoning was identified from the data a 

few dozen times in total, but nearly all segments depicted simple arithmetic. In these 

instances, subjects used arithmetic to calculate dimensions and count various objects. 

 

While the subjects tended not to explicitly verbalize specific deductive, inductive, or 

abductive reasoning patterns, there is indirect indication that the DAM involves all three 

activities. As mentioned earlier, the three design steps depicted in DAM align with 

Dorst’s (2011) formalization of design as framing, creation, and evaluation, each mapped 

to inductive, abductive, and deductive reasoning, respectively. For a full logical 

breakdown of the model aligned with the DAM, see Figure 15. The DAM, created through 

iteration in the present study, contains these same three steps. This suggests that subjects 

frequently engaged in induction, abduction, and deduction, even if they did not explicitly 

verbalize the type of reasoning they were using. This relies heavily on Dorst’s (2011) 

reasoning. However, the empirical data from this study does seem to lend support to his 

model. 

 

 

Figure 15. An illustration of Dorst’s (2011) model of design reasoning aligned with the 

three design steps in the DAM (left side). 
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To illustrate this, Figure 16 depicts A1 performing an extended loop. Before starting the 

sequence, A1 likely has a mental model of the overall requirements of the task, as he has 

considered them multiple times up to this point. In Dorst’s model, this would constitute 

the “initial state” (15a).  

 

To start, A1 frames the situation (16a) by pondering whether guests would need a 

bathroom. He creates a frame, or a working principle, to achieve a desired value as per 

the task brief. In this case, the desired value might be to make the vaccination a humane 

experience, as that was a key aspect of the task brief (see Figure 2 on page 28). To create 

the frame, A1 would use induction to reason backward from the end result (15b). 

According to Dorst (2011, p. 524), the frame is a “working principle”, that is, a proposed 

causal mechanism the designer creates to achieve the desired result. A possible 

interpretation of A1’s frame would be “the ability to use the bathroom leads to a more 

humane vaccination experience”.  

 

In terms of cause and effect, both the causal mechanism (frame) and effect (desired value) 

would now be known, so the remaining step would be to formulate a suitable cause 

(design item) to complete the equation. Next (16b), A1 designs a bathroom and sketches 

it on the document. This constitutes the “create” step in the DAM. Dorst (2011) calls this 

   

a) Frame 

“What happens if the guests need a 

bathroom?” 

  

b) Create 

“Well they’ll get a bathroom here. 

Here is the staff room, and the 

toilet.” 

 

c) Evaluate → Create 

“Could be a little bigger, too.” 

 

Figure 16. Subject A1 performing a short extended loop (a→b→c). 
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type of creative reasoning Abduction-1, where the designer creates a design item to match 

the frame and desired value (15c). 

 

All the elements of the causal chain would now be in place. What remains is to follow the 

cause (design item) and causal mechanism (frame) to their logical conclusion and 

compare this result with the desired result (15d). In this example (16c), A1 evaluates that 

the room could be bigger (“evaluate”) and makes an alteration to the sketch right away 

(“create”). One could interpret this as A1 deducing the end result of his design, comparing 

it to the desired result, concluding that there is a disparity, and going back to designing. 

As there is no reframing, the designer can return to the previous activity and use 

Abduction-1 to create a new design without changing the causal mechanism (frame). In 

this example, A1 does not perform a second evaluation, instead moving on to another part 

of the design. However, he could conceivably have put the updated design through the 

same deductive-comparative evaluation process. 

 

To sum up, the DAM appears to align with Dorst’s (2011) model, at least in full and 

extended loops. This suggests that in the design activity model, the frame step would be 

inductive, the create step would be abductive (Abduction-1 in Dorst’s (2011) view), and 

evaluate would be deductive. If true, one could extrapolate that all the other design 

activity sequences would be similarly constructed combinations of these three types of 

reasoning. Thus, partial loops would be sequences of induction and abduction, while 

reverse loops would combine induction and deduction. If one accepts this framework, one 

could conclude that deduction, induction, and abduction are all frequently used by the 

subjects, similar to what scientists use in research. 

 

Analogy 

 

As explained by Dunbar and Blanchette (2001), scientists frequently use both superficial 

(same domain) and structural (outside domain) analogies in their work. As mentioned in 

a previous section, their study found that while most analogies were superficial overall, 

structural analogies were heavily involved in hypothesis formulation (Dunbar & 

Blanchette, 2001). 
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As in Dunbar and Blanchette’s (2001) model, analogies in this study were divided based 

on their relationship with the domain of the design task. As the task was to design a 

vaccination facility, the source domain was defined as medicine. Thus, if a subject made 

an analogy to a hospital, that was considered within the domain, while an analogy to an 

airport or grocery store was considered outside the domain.  

 

 

In total, subjects made 5 within-domain analogies and 14 outside-domain analogies. Their 

usage varied among subjects; for example, A1 used six outside-domain analogies but not 

a single within-domain analogy, while A5 did not use outside-domain analogies at all. 

For a per-subject breakdown of analogies used, see Table 5. Within-domain analogies 

were often used by participants with less of a connection to a specific design idea or 

purpose. It sometimes even seemed that they were simply recalling past experiences to 

give inspiration or help frame the context overall: 

 

“There is one [COVID-19 testing facility] at [location], and there you simply 

queue. There is no 2 meters, you just stand in line and…” (A2) 

“I actually went to one of those— my mother and father got vaccinated a while 

ago.” (A3) 

“But I have been myself to get vaccinated— No, not vaccinated, but tested at 

[location]. And there I was impressed with how it worked.” (A5) 

 

Outside-domain analogies were also often related to the subject’s experience, but not as 

directly. Instead, these analogies were generally more directly tied to a specific function 

or feature in their design: 

 

“So then it becomes a bit more like an assembly line. You come in through this 

end, then something is done to you, and then you exit as quickly as possible.” (A1) 

“And the following person comes in from the queue where there is drawn on the 

ground like at the grocery store, ‘do not come closer’” (A2) 

“If you say that this has to be movable, I start thinking of voting booths or 

something.” (A3) 

“Or some kind of ticket system. Like at the post office or something.” (A3) 

 

Table 5 

Types of analogies used during the design task 

 A1 A2 A3 A4 A5 

Within-domain 0 1 1 1 2 

Outside-domain 6 3 4 1 0 
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While both types of analogies were generally associated with ideation, as subjects used 

them to get inspiration for their own designs, outside-domain analogies had a more 

explicit connection to the creation of specific features. This is similar to what Dunbar and 

Blanchette (2001) found with scientists, where outside-domain analogies were common 

in hypothesis formulation, which is considered a form of creative reasoning (A. E. 

Lawson, 2000). 

 

Categorization 

 

As mentioned in previous sections, scientists tend to categorize their findings, especially 

unexpected ones (Dunbar, 2002). In this study, participants also encountered unexpected 

events with some regularity, although here they were unexpected consequences of their 

own actions. In this study, participants did not stop to ponder and categorize their 

unexpected findings in any meaningful sense – whenever subjects encountered 

unforeseen conflicts, they either reframed the problem or moved straight into forming 

solutions. In the following examples, subjects immediately move to make alterations or 

generate new design ideas after noticing something unexpected: 

 

“In any case, you come in, get vaccinated— Oh yeah, you have to be able to get 

out as well, so this other door in the same module has to be here, so you actually 

go out through here.” (A2) 

“Then we could use half the space for… Ah darn, no. Logistics problem. Well 

outside… Then inside. Then we only have one row.” (A4) 

 

In another instance, A5 notices that the hallway may be too narrow for doors to fit, so he 

reframes the problem so that it can be dealt with later: 

 

“About a 5.4 square meter room. Um… Then we have to make sure the doors 

don’t collide in the hallway. I’ll just write down that I need to remember to figure 

that out.” (A5) 

 

The “noticing unexpected” code that was used for this activity was used 26 times in total 

across all sessions. 
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Causal reasoning 

 

Dunbar (2002) writes that scientists engage in so called “causal events”; rapid chains of 

reasoning that involve a number of deductions, inductions, and analogies. In this study, 

all subjects frequently engaged in causal reasoning in various contexts: 

 

“If there is going to be ventilation and such, then we need to have a second floor 

that has a ventilation machine room. In that case, we could probably put the stairs 

for example here” (A1) 

 

“If we drag this out a little, then we’ll get some design on this whole thing.” (A1) 

 

“And the queue here with two meters apart, then people will stand, if they come 

by foot.” (A2) 

 

“If this is 1500, and this is 1500, then that is 5 meters, so that is a car [in 

measurements]” (A2) 

 

“If you say that you have to be able to move something, then I start thinking of 

voting booths or something.” (A3) 

 

“If we would exit the same way (. . .) then the streams [of people] would intersect.” 

(A3) 

 

“But then that means that if this is 1.6 [meters]… (. . .) Then it’ll still only be two 

[hallways].” (A4) 

 

“And if help is needed or an escape route then it would be good to also be able to 

come out directly.” (A4) 

 

“So then if we say that all the modules would be as alike as possible, then all the 

openings, windows openings would follow the same structure.” (A5) 

 

“But if you have 4.5… then you could actually have two… Two rooms in one 

unit.” (A5) 

 

However, one could argue that even discounting the frequent explicit verbalizations from 

the subjects, designing is inherently a causal process. As presented earlier, Dorst’s (2011) 

induction-abduction-deduction model, which appeared to fit the DAM (and thus the data), 

sees the design process as inherently causal. In that model, each step of the design process 

includes a causal component: “frame” would be the formation of a causal mechanism, 

“create” would be the formation of a design object that completes the causal chain, and 

“evaluate” would be taking the design object to its logical, causal, conclusion and 

comparing it to the desired end result. 
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a) Frame 

 

“How one is supposed to make it 

work so that you can move this 

whole shebang to a…” 

b) Create 

 

“(. . .) If it’s lighter, you don’t need 

to think of individual rooms when 

you are out in the open, on a market 

square or field.” 

 

 

c) Evaluate 

 

“In that case, the booths fall out of 

the picture. Then what is left is only 

the vaccination point itself.” 

Figure 17. Subject A3 performing a full loop (a→b→c) utilizing causal reasoning. 

 

As an example, in Figure 17, subject A3 demonstrates causal thinking at every stage of a 

full loop. First (17a), he wonders how to make his design mobile, essentially framing the 

situation around what causal mechanism can enable the design to be movable between 

locations. Next (17b), he generates an idea to discard the rooms if the vaccination point 

is placed out in the open. Here, the “if” statement makes the idea generation a causal 

process. Finally (17c), he concludes that the consequences of removing rooms is that his 

previous idea of vaccination booths, is not necessary anymore in outdoor conditions. 

 

There are other examples of explicit causal reasoning (“if-then” statements) in all three 

design steps in the DAM in some of the earlier examples, such as in Figures 6a-b and 

12e-f. Following this, one could argue that sequences in the DAM could constitute “causal 

episodes”, at least in some instances. As suggested earlier, DAM sequences also appear 

to involve many of the same types of reasoning as Dunbar (2002) considered part of 

“causal episodes”, namely deduction, induction, and analogies, which further suggests a 

possible similarity between them. 

 

Distributed reasoning 

 

Scientists often augment their individual cognitive capacities with distributed reasoning; 

by utilizing various tools and working with other scientists, they form a larger distributed 

network of cognitive agents and artifacts (Giere & Moffatt, 2003). In this study, however, 

subjects were studied individually, without any group interactions. Even so, artifacts play 
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a significant role in distributed cognition (Giere & Moffatt, 2003). All participants 

actively engaged in sketching almost constantly throughout the entire task. When 

performing a loop, subjects would write or sketch something in the overwhelming 

majority of them, as already evidenced in Figures 6, 8, 10, 12, 13, 14, 16, and 17. 

 

It seemed like the subjects were using their sketches to extend their working memory. 

The subject A5 in particular started the design task by writing down the requirements of 

the assignment, and periodically went back to review them. By writing the requirements 

down, he was able to offload the cognitive burden temporarily, freeing up mental 

resources for other tasks. This is similar to what Bilda and Gero (2005) found in their 

study comparing architects in sketching and non-sketching conditions, which suggests 

that the subjects in this study also used distributed reasoning. 

 

Especially during segments coded “frame/reframe problem” and “review”, subjects 

would often trace over their existing designs with their pencils. Subjects did not comment 

on this activity, so the significance of this is difficult to determine, but it is possible that 

subjects used tracing to mentally confirm their thoughts. 

 

   

a) Review 

 

“You come in, you leave your 

coat…” 

 

b) Review 

 

“…you take your queue number…” 

c) Review 

 

“…you take a seat somewhere.” 

Figure 18. Subject A3 reviewing the user’s path in his design by using a pen. 

 

An example of this behavior can be seen in Figure 18, where A3 uses a pen to trace design 

features while reviewing the user’s path through the vaccination facility, including the 

entrance, ticket machine, and waiting room booths. 
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Hypothetico-deductive reasoning 

 

As described in the literature review, hypothetico-deductive (H-D) reasoning is a 

common type of reasoning in science that alternates between hypothesis generation and 

hypothesis testing (A. E. Lawson, 2005). 

 

The general H-D sequence seems to bear a resemblance to the design activities performed 

by subjects in this study. As an example, the full loop in the DAM can be contrasted with 

the typical hypothetico-deductive reasoning sequence. Both start by forming hypotheses: 

subjects would frame the situation around a specific topic, while scientists in the H-D 

framework would formulate hypotheses to explain natural phenomena. Next, subjects 

would create designs, while scientists would design tests and experiments. Finally, 

subjects would evaluate their designs, while scientists would perform experiments and 

compare the observed results to the expected results. While the topics are different, the 

activities share more than a passing resemblance. 

 

If one maps Dorst’s (2011) model to the DAM as done earlier, the forms types of 

reasoning used in each stage also seem to align. Both framing in design and hypothesis 

formulation in H-D reasoning are thought to involve induction (although there is some 

debate in science whether hypothesis generation is abductive or inductive (Allchin, 2003; 

A. E. Lawson, 2003, 2005)). Furthermore, both creating designs and designing 

experiments can be considered creative and thus abductive processes (Dorst, 2011; A. E. 

Lawson, 2005). Finally, both evaluating designs and comparing observed results to 

expected results can be considered deductive (Dorst, 2011; A. E. Lawson, 2005).  

 

In Figure 19, subject A5 is seen performing a typical full loop. First (19a), he creates a 

frame around the dimensions of the vaccination module. Here the frame could be 

interpreted as a tentative causal mechanism where a specific set of dimensions in the 

module would achieve a specific value outcome, such as comfort or efficiency in the 

vaccination. As the framing process moves backward from the outcome, it is seen by 

Dorst (2011) as inductive, similar to how hypotheses are formed in science. Next (19b), 

A5 decides on the dimensions of the rooms, drawing them in on the sketch. Since this 

step involves producing something, it is considered abductive reasoning (Dorst, 2011), 

similar to what scientists use when designing experiments (A. E. Lawson, 2000). Finally 
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(19c), A5 evaluates that the previously-decided room width is too small. Here, the 

evaluation can be interpreted as a deductive process where A5 infers the value outcome 

of his design and compares it with the desired outcome. At this stage, scientists would 

also use deduction to infer expected results from their hypotheses and later compare them 

to the observed results of their experiments. Overall, while the activities are not equivalent, 

the types of reasoning used in these sequences seem to follow similar patterns in the full 

loop and the hypothetico-deductive process in science. 

 

 

This seems to suggest that the overall sequences of reasoning displayed by subjects in 

this study are similar to H-D reasoning, at least to some degree. This conclusion, however, 

relies heavily on Dorst’s (2011) model. 

 

4.3.2 Summary of the findings 

 

To sum up, there appeared to be similarities between design thinking and scientific 

thinking based on this study. Similar to scientists, subjects used both within-domain and 

outside-domain analogies, as well as various forms of causal and distributed reasoning. 

However, for the most part, subjects seldom verbalized the type of reasoning they used 

in precise terms (note: it would be unnatural to talk or think in terms of “now I use 

deductive reasoning”), which meant that some interpretation was needed to determine the 

reasoning processes of the subjects. This made it a challenge to make direct comparisons 

to scientific thinking. However, by applying Dorst’s (2011) frame-induction, create-

abduction, evaluate-deduction mapping to the DAM, which was created from the 

   

a) Frame 

 

“And then these modules... That are 

divided into rooms.” 

b) Create 

 

“We could have perhaps two and a 

half [meters] and… two and a half 

meters (. . .)” 

 

c) Evaluate 

 

“Two and a half meters, I need a bit 

more.” 

Figure 19. Subject A5 performing a full loop. 
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empirical data, a significant number of similarities became apparent. By combining the 

two models, one can identify additional similarities between the types of reasoning used 

by the subjects and those used in science, including deductive, inductive, abductive, 

causal, and hypothetico-deductive reasoning. Nonetheless, these comparisons rely 

heavily on Dorst’s (2011) model.  
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5 DISCUSSION 
 

In this section, the main findings of the study are summarized, after which relevant 

aspects of them are discussed from various perspectives. Finally, avenues for further 

research are suggested and discussed. 

 

5.1 Summary of findings 
 

For the first research question (“how do designers think while designing?”), the main 

finding in this study is that while designing, subjects move in specific patterns involving 

three main activities: frame, create, and evaluate. Most of the creative episodes tended to 

start and end with framing, where subjects would define and redefine the current design 

context. “Create” involved generating ideas and implementing them, although the latter 

was not required, and “evaluate” involved evaluating ideas and designs that had been 

proposed or implemented up to that point. From the data, a triangle-shaped model of 

design activity was formed (see Figure 4 on page 35), where subjects would generally 

either move forward (clockwise), shifting from “frame” to “create” to “evaluate”, or 

backward (counter-clockwise), shifting from “frame” directly to “evaluate”, and 

sometimes from there to “create”. All in all, five distinct sequences were observed: full 

loops, extensions, partial loops, reverse loops, and parallel sequences. Sequences varied 

in duration, ranging from a few seconds to a minute or two. Forward sequences, consisting 

of the first three, were frequent – all subjects performed each of them roughly 20-40 times 

in their sessions, which varied from 27 to 67 minutes depending on the subject. In these 

instances, subjects would focus on creating and refining new designs and solutions. 

Reverse loops were less common, being performed around 5-15 times per session. In 

them, subjects would instead focus on recapping and evaluating their designs, which 

would sometimes trigger new design ideas and sketches. Parallel sequences, where 

subjects were clearly performing two design activities simultaneously, were rare, only 

observed a handful of times in the entire dataset. Nonetheless, as the DAM, in accordance 

with the data it represents, is generally sequential in nature, parallel sequences were 

difficult to identify systematically. 

 

For the second research question (“in what ways does design thinking resemble scientific 

thinking?”), subjects were observed to utilize many of the same cognitive activities that 



66 

 

are involved in science (see Table 1 on page 17). Analogies and causal reasoning, 

specifically, could be observed directly from the data. Indirectly, subjects were also found 

to use various types of reasoning used in science, such as deduction, induction, and 

abduction. This was more difficult to determine directly from the data, as subjects tended 

not to verbalize their exact reasoning patterns very precisely. Dorst’s (2011) three-step 

design reasoning model of induction-abduction-deduction, however, seems to align with 

the subjects’ reasoning patterns rather well, which suggests that subjects frequently made 

use of deduction, induction, and abduction. In fact, this sequence also appears to fit with 

hypothetico-deductive reasoning patterns found in science. Whether subjects used these 

types of reasoning in this exact sequence or not, or whether the reasoning was even more 

granular, is yet unclear. At the very least, the analysis suggests that design and scientific 

thinking are not completely different from one another. 

 

An additional contribution of this study was the coding scheme that was formulated from 

the data in this thesis (presented in section 4.1). The scheme is flexible as it clearly 

separates the subject’s actions and topic of focus into activity codes and theme tags 

respectively. The two-dimensional coding scheme allows researchers to capture design 

activity without having to create separate codes for different levels of the same activity. 

 

5.2 Comparing the DAM to other frameworks 
 

In this subsection, touchpoints between the DAM and other existing frameworks and 

research are discussed. 

 

5.2.1 Formation of the DAM 

 

While the creation of the DAM was generally data-driven, I did, at one point, draw from 

the existing design cognition literature as noted in the previous section. Initially, the 

coding was completely formed from the data without utilizing any existing theory. The 

codes were, however, so unstructured that a basic organizing idea was needed. Thus, I 

consulted the existing literature (Gero, 1990; Gero & Kannengiesser, 2004; Jin & Chusilp, 

2006; B. Lawson & Dorst, 2009) for inspiration, without, however, committing to any 

specific framework. While a top-down element was added to an otherwise bottom-up 

analysis of the data, this helped in the creation of an organizing logic. Also, despite 



67 

 

initially drawing inspiration from existing models, the DAM was always based on the 

data rather than vice versa, and evolved countless times over each iteration to improve 

the fit to the data. Had the general model been incompatible with the data, the coding 

process would very likely not have worked, but that did not happen, indicating that the 

model was an appropriate framework for the data. The DAM can therefore be considered 

a valid representation of the design activities of the subjects in this study. 

 

5.2.2 Design frameworks 

 

While the DAM appears to have similarities to Dorst’s (2011) model of design reasoning, 

it resembles other design frameworks as well. For instance, the three design steps in the 

DAM (frame, create, and evaluate) can be found in B. Lawson and Dorst’s (2009) list of 

five design activities (formulating, representing, moving, evaluating, and managing) 

commonly found in most models of design cognition. In the DAM, “frame” is roughly 

equivalent to “formulating” and “evaluate” matches “evaluation”. “Create” in the DAM 

involves both idea generation and implementation by sketching, so it encompasses both 

the “formulating” and “moving” activities (B. Lawson & Dorst, 2009). The FBS 

framework (Gero, 1990) also contains similar operations. For instance, “formulation” and 

“reformulation” in FBS are similar to “frame” in the DAM. Moreover, “synthesis” and 

“evaluation” in FBS approximately correspond to “create” and “evaluate” in the DAM, 

respectively. 

 

The DAM also bears a resemblance to traditional problem-solving frameworks, such as 

the analysis-synthesis-evaluation (ASE) method of design by early problem-solving 

theorists such as Jones (1963). In this tradition, analysis entails defining specifications 

and requirements, synthesis entails creating solutions, and evaluation entails an appraisal 

of the design based how well it matches requirements. While synthesis and evaluation 

correspond to “create” and “evaluate” in the DAM, analysis is slightly different. In the 

DAM, “frame” is defined as setting the boundaries of the current design space, which is 

done in many different ways. Generally speaking, however, “frame” does not only 

involve defining the overall design specifications but rather choosing a specific focus 

within the specifications (or even outside them). While the concepts are similar, they are 

not equivalent. Furthermore, the data found five different sequences within the DAM, 

rather than just the straightforward full (frame-create-evaluate) loop. It suggests that the 
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design activity elicited by the subjects in this study is more complex than traditional 

problem-solving frameworks, such as the ASE model, can describe. 

 

As concluded in section 2.2.5, most design frameworks both historically and more 

recently incorporate problem setting, solution formulation, and evaluation in some way. 

The DAM fits relatively neatly into this group. It may be less that the DAM is compatible 

with existing models of design cognition and more that the phenomenon they all describe, 

designing, has a fundamental cognitive structure. In fact, it would have been peculiar had 

the DAM turned out to be substantially different from other models, considering they 

study the same phenomenon. The compatibility between the DAM and other frameworks 

can be interpreted both as a sign that the DAM is representative rather than anomalous, 

and that existing frameworks are reasonable representations of the design process. 

 

5.2.3 Framing and working memory 

 

Popularized by Schön (1983/2016), the concept of framing has become ubiquitous in 

design cognition, and is generally defined as the way designers direct their attention at a 

specific bounded topic or area of information for a set time (B. Lawson & Dorst, 2009). 

The “frame” activity in the DAM generally fits this definition, but it connects it explicitly 

to working memory. In psychology and cognitive science, working memory is defined as 

the mental faculty that manages all the in-the-moment information needed at any given 

time (Baddeley, 2010). If one imagines the working memory space as a table, the “frame” 

step in the DAM can be thought of as “setting the table”; mentally arranging necessary 

elements for a task in a specific way to facilitate the execution of that task. Just as setting 

plates and utensils in a specific way organizes and facilitates the dining process, framing 

can be thought to organize the thoughts of the designer in a specific way to facilitate the 

design process. 

 

Framing could also be considered a kind of selection process in the working memory. In 

cognitive science, information is often thought to be stored in blocks that group together 

related information into “chunks” in the long-term memory (Gobet et al., 2001). From 

this viewpoint, framing could be thought of as a mechanism for selecting specific chunks 

in anticipation of a coming action, which suggests that framing could be an important 

process not just for design, but human activity in general. 
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5.2.4 Reasoning types in design and science 

 

When it comes to framing, there is some dispute among design scholars about whether it 

is inductive or abductive. While Dorst (2011) views framing as inductive, as the reasoning 

moves backward from the consequences, Koskela et al. (2018) argue that this 

characterization is inconsistent with Peirce (pioneer of abductive reasoning), who would 

see it as abductive. If one considers framing abductive, this would match A. Lawson’s 

(2000, 2005) conception of scientific hypothesis generation rather well, as he argues that 

it is an abductive, rather than inductive, process. It seems that the induction-abduction 

dispute appears rather similar in both domains, design and science. 

 

The DAM also has some touchpoints with Cramer-Petersen et al.’s (2019) research on 

reasoning in idea generation. In their study, they found that designers tended to generate 

ideas using patterns of abduction-deduction. Abduction is commonly associated with 

producing new things, to the point of being called productive reasoning by March (1976) 

and Dorst (2011), so it makes sense that it is heavily involved in ideation. However, 

according to Cramer-Petersen et al. (2019), after the abductive process, designers would 

shift to deductive reasoning to predict the consequences of their design ideas, thus 

completing the abduction-deduction pattern. While not expressed in this exact way, the 

subjects in my study would also often make “if-then” deductive predictions from their 

designs as shown in the previous section (see page 59). Like Cramer-Petersen et al. (2019), 

Dorst’s (2011) model also features deduction directly following abduction, but only in 

the evaluation phase, not within the ideation phase. Thus, it is unclear whether the “create” 

step in the DAM constitutes Abduction-1 or a sequence of abduction-deduction. This is 

especially difficult to pin down, as the concept of abductive reasoning in design itself 

lacks consensus (Koskela et al., 2018). In any case, this notion of deductively predicting 

consequences of one’s ideas resembles A. Lawson’s (2000) view that scientists deduce 

expected results from their hypotheses before conducting experiments. 

 

In conclusion, it is yet uncertain what exact reasoning patterns the subjects in this study 

performed. As the DAM is relatively general and flexible, it seems compatible with 

Dorst’s (2011) induction-abduction-deduction model, but it also seems to work even if 

framing is thought of as abductive rather than inductive (Koskela et al., 2018), or that 

idea generation considered abductive-deductive (Cramer-Petersen et al., 2019). More 



70 

 

granular micro-level research would be needed to pin down more precisely what types of 

reasoning sequences designers exhibit.  

 

5.2.5 Recapping in the reverse loop 

 

While the DAM overall had similarities with many existing frameworks, the reverse loop 

(frame-evaluate) was relatively unusual by not having been presented in prior research. 

It usually consisted of subjects framing the situation by recapping their designs and ideas 

up to that point, which would often naturally lead to evaluations. This, in turn, would 

often trigger subjects to make alterations or redesigns based on their evaluation, forming 

extensions.  

 

I suggest four angles from which to view this phenomenon. First, recapping can be 

conceptualized as a type of reloading of the working memory in anticipation of coming 

activity. Subjects may use recapping to actively clean their working memories of 

unnecessary details and distracting thoughts to better prepare themselves for coming 

design steps. This aligns with Bilda and Gero’s (2005) finding that architects use 

sketching to mentally offload unnecessary thoughts. 

 

Second, reverse loops might also be considered a type of critical evaluation of the design 

thus far. By periodically reviewing and evaluating their work, designers can ensure that 

the general direction of the design stays consistent with the task requirements and their 

own vision. 

 

Third, in a similar vein to the last point, recapping may be a deliberate strategy to uncover 

hitherto unexpected findings or conflicts in one’s design. This is in line with Schön’s 

(1983/2016) idea of designers deliberately moving in such a way as to uncover 

unexpected consequences, as they are very difficult and resource-intensive to predict 

beforehand. Thus, reverse loops can be thought of as one way that designers actively look 

for the unexpected.  

 

Finally, recapping can be interpreted as a form of mental review. Here, subjects could be 

thought to retrieve the design requirements from their long-term memory and mentally 

review which aspects are already fulfilled and which are remaining. In other words, 
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subjects might be thought to be checking off a mental checklist. If they notice something 

in their designs does not match the checklist as expected, it would trigger evaluation and 

perhaps the creation of modifications or new designs. 

 

While this is conjecture, the reverse loop and recapping overall are interesting phenomena 

that should be studied in more detail.  

 

5.2.6 Parallel processing 

 

Observed instances of parallel processing were rare in the analysis. Nonetheless, as noted 

before, the DAM is generally sequential, as the design activity data was generally 

sequential, and thus not necessarily well-equipped to model simultaneous activities in its 

current form. Parallel processing in design has been considered before as something 

highly creative designers might be capable of (B. Lawson & Dorst, 2009). One could 

conceivably have multiple instances of the DAM triangle running in parallel, but it is 

unclear how these parallel processes would interact with each other in this view. A major 

challenge, however, with studying parallel processing is identifying them from the data. 

Perhaps the difficulty is less with the DAM (although alterations would be required to 

make it work in parallel conditions), and more with the method of analyzing verbal 

protocols. Mathematical modeling or artificial intelligence approaches, however, might 

be able to tackle this challenge more efficiently, what Dunbar and Fugelsang (2005) call 

“in silico” methods in cognitive studies of science. 

 

5.3 Avenues for future research 
 

Comparing design and scientific thinking is a relatively unexplored topic, so there are a 

number of opportunities to study them further. In this section, I suggest avenues for future 

study of both design and scientific cognition. 

 

5.3.1 Design and scientific reasoning 

 

First, as highlighted by Hay et al. (2020), there is a need to expand the methodological 

landscape within design cognition research. In addition to this, the reasoning processes 

involved in the various design activities should be studied on a more granular level. 
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Research  that focuses on the micro-level reasoning involved in individual design 

activities, such as Cramer-Petersen et al.’s (2019) study on idea generation, would give a 

more detailed insight into different stages of the design process. This could also be 

separated by different types of designers with different levels of experience to see whether 

there are significant similarities or differences between them. 

 

Second, more holistic models of scientific reasoning and processes should be considered. 

Currently, the cognitive research of science is focused on several loosely-related concepts, 

but there is no central model or theory that describes the patterns and cognitive activities 

that scientists use in their work like there is for design. Think-aloud protocol analysis 

could also be used more often in scientific cognition, as up to this point it has mostly been 

studied ethnographically, such as in Dunbar’s (2002) “in vivo” research. 

 

Third, a deeper exploration into the creative, abductive aspects of science would help 

shed light on the less talked-about aspects of science. As mentioned in a previous section, 

STS has revealed that science is often complex and messy, but it is yet unclear how 

exactly this complexity manifests itself in practice and how abductive and creative 

reasoning is used in the scientific process. 

 

Before this is done, conclusions about similarities and differences between design and 

scientific thinking cannot be conclusively drawn, although this study suggests that the 

similarities are bigger than the differences. 

 

5.3.2 Emotions 

 

The emotional component of design and scientific thinking was not explored in this thesis. 

Emotions, which are often thought to exist outside the seemingly rational world of science, 

also play a significant role in scientific thinking. As an example, scientists are often highly 

motivated by strong feelings of passion, while setbacks bring negative emotions that 

similarly affect scientists (Thagard, 2002). As emotions are difficult to define and highly 

dependent on the individual memories and experiences of the subject (Barrett & Russell, 

2014), they were left outside the scope of this thesis. Nonetheless, emotion in science is 

an area with a lot of untapped potential. 
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Likewise, emotions in design is also a relatively unexplored topic. While the emotions of 

users have been thoroughly researched in the form of user experience (Saariluoma & 

Jokinen, 2014), there seems to be a lack of research on the emotional component of the 

design process (Sas & Zhang, 2010). Investigating the emotional component of both 

design and science, would shed further light on the potential similarities and 

dissimilarities in their processes. 

 

5.4 Limitations 
 

This was a relatively small study with only five participants, so the findings are not 

generalizable. Generalizability, however, was not even an aim of the study. Rather, this 

sought to identify ways in which designers think while designing in a specific context, 

not to form a universal account of design in all circumstances.  

 

There was also only one person coding the data in this study, which means that no inter-

coder reliability check could be performed. Furthermore, there were a few instances 

where subjects seemed to be thinking while either mumbling or being silent, and this had 

to be interpreted in some way in the analysis. The verbalizations following the silent or 

unclear moments generally gave rich and plausible context for interpreting the preceding 

moments. Also, there were only 22 such instances in total, and therefore any potential 

skewing caused by these would likely be insignificant. This is a general limitation of 

verbal protocol analysis – subjects simply cannot verbalize everything they are thinking 

in perfect detail. The effects can be mitigated somewhat by including warmup tasks, as 

was done in this study, but not eliminated completely. Thus, this study should ideally be 

complemented by additional research with different methodologies and participants. 

 

Design and scientific thinking are difficult to compare, as the topics they deal with are 

different. There may also be a temporal difference – scientific research takes time, and 

the individual stages, such as hypothesis formation, operationalization, result prediction 

and evaluation may stretch out over weeks, months, or even years. In design, on the other 

hand, while design projects may also span years, the individual design steps of framing, 

design, and evaluation may be shorter.  
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An additional challenge is that there is a general lack of research, established practices, 

frameworks, and agreed-upon terminology on this topic, making it difficult to make 

meaningful comparisons between studies of design and scientific thinking. Even so, as 

this study aligned with key aspects of several prior frameworks in design cognition (Dorst, 

2011; Gero, 1990; Jones, 1963; B. Lawson & Dorst, 2009), the processes captured by the 

DAM can be considered relatively prototypical for design. This was a desirable result, as 

it suggests that the data is not an outlier among design cognition research. This, again, 

adds validity to the comparison conducted in the present study between the DAM and 

scientific cognition. 
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6 CONCLUSION 
 

The purpose of this thesis was to examine design thinking from a theory-neutral 

standpoint, as well as explore potential similarities with scientific thinking. By analyzing 

verbal and video data, subjects were found to use various permutations of three activities 

while designing: frame, create, and evaluate. Multiple similarities were found between 

the subjects’ thinking and scientific thinking, including analogies, causal reasoning, and 

more granular types of reasoning, although the latter rely heavily on Dorst’s (2011) model. 

The general conclusion is, however, that contrary to the popular belief among design 

scholars (L. B. Archer, 1979; Cross, 1982, 2001, 2006, 2007b; B. Lawson & Dorst, 2009), 

design and scientific thinking do not appear to be entirely different. 

 

While the findings were not conclusive, the study hopefully inspires future research on 

this topic. Dismantling the stark design-science dichotomy could ultimately foster 

communication between the two domains and advance the science of cognition. 
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