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Summary (English)

This dissertation,Methods over Madness: Investigating the Interaction between Designers, their Mindset,
and Design Methods on a Cognitive Levietontributes to the understanding of how designers engage with
design methods by exploring the cognitive dynamicef their interaction. As design methodsare
increasingly called upon to address abstract, systemic challenges, the need to comprehend how these
tools function in practice becomes critical. Thiswork situates this investigation within the growing body

of design research that frames methods not merely as prescriptive guidelines but as adaptive mental
tools both shaping method usage and the methodisers.

The research addresses the overarching questioiow does the interaction between method and
method user influence the user and the usage of methods in design? It does so through two
interconnected lines of inquiry: the role of the designer's mindset in method usage and the influence of
cognitive load on desigrbehaviours. These inquiries contribute to advancing the theoretical
understanding of method usage while addressing gaps in existing research regardingw the interaction
between methods and method wsersinfluences method usage.

The first inquiry focuses ordesign mindset Article | defines andoperationalises the construct, resulting
in the development of theDesign Mindset Inventory (EMindset0.1), a psychometric instrument designed
to measureit and four underlying constructs Conversation with the Situation, Iteration, CeEvolution of
Problemusolution, and Imagination. The inventory also establishes connections between these facets
and relevant personality traits such asambiguity tolerance, self-efficacy, and sensation-seeking,
contributing to a nuanced understanding of the method user. Article 1l extends this investigation by
examining how method teaching influences the development adesign mindset Using a quasi
experimental research design, it demonstrates that both individual traits and contextual factors
significantly shapedesignmindset development, offering aframework for understanding how designers
learn through method usage.

The second inquiryinvestigates cognitive loadin relation to design and method usageCognitiveLoad
Theory provides a lens through which the mental effort associated with method use can be understood in
relation to complex and iterative design processes. Article 11l develops a conceptual framework linking
cognitive loadto design activities, with a particular emphasis on framing and reframing practices. Article
IV complements this by empirically exploringcognitive efficiencyy how designers balance perfornance
and mental efforty through a pilot study comparing heuristic and systematic design methods in an idea
generation task. Together, these articles highlight the cognitiveonstraints designers find themselves
under when navigating a problem spacend using design methods

The dissertation positions design methods as flexible, interpretive tools rather than rigid, procedural
frameworks, foregrounding the critical role of the designer icontextualising and adapting methods to fit
evolving challenges. By integrating perspectives odesign mindset and cognitive load, the research
contributes a theoretical foundation for understanding method usage and its implications for design
practice and education. This work aligns with efforts in design research formalise atheory of methods
usage in design validate methods effectiveness, and ultimately support the creation of methods that
respond to both cognitive and practical needs.

By addressing these dimensions, this dissertation aspires to inform ongoing debates within design
research while offering actionable insights for educators, practitioners, and method developers. It
emphasisesthe interplay between cognitive processes and the reflective practice of design, ultimately
contributing to the broader goal of advancing design methods as tools for innovation in an increasingly
complex world.



Summary (Dansk)

Denne afhandling,Methods over Madness: Investigating the Interaction between Designers, their
Mindset, and Design Methods on a Cognitive Levedidrager til forstaelsen af, hvordan designere arbejder
med designmetoder ved at undersgge de kognitive dynamikker i deres interaktion. Da designmetoder i
stigende grad anvendes til at adressere abstrakte og systemiske udfordringer, bliver det afggrerate
forsta, hvordan disse veerktgjer fungerer i praksisAfhandlingentager sit afszet idet voksende perspektiv
pa designmetoder, hvor de ikke blot betragtes som regler der skal fglges men som mentale veerktgier,

der bade former metodebrug og pavirker metodebrugerne.

Afhandlingenudforsker det overordnede spgrgsmalHvordan pavirker interaktionen mellem metode

og metodebruger bade brugeren og brugen af metoder i design? Spgrgsmalet undersgges gennem to
sammenhaengende forskningsspor centreret henholdsvis omkringdesign mindset, og cognitive load

som en faktor der pavirker designadfeerd. Disse undersggelser bidrager til en teoretisk forstéelse af
metodebrug, samtidig med at de udfylder forskningsmaessige huller omkring, hvordan samspillet mellem
metoder og deres brugerepavirker metodebrug.

Det farste forskningsspor fokuserer p& design mindset. Artikel | definerer og operationaliserer begrebet,
hvilket farer til udviklingen aDesign Mindset InventoryD-Mindset0.1), et psykometrisk instrument
designet til at maledesign mindsetog dets fire underliggende komponenterConversation with the
Situation, Iteration, CoEvolution of Problemu$olution og Imagination. Instrumentet afdaekker ogsa
forbindelser mellem disse facetter og relevante personlighedstreek sonambiguity tolerance, self-
efficacy, og sensation-seeking, hvilket bidrager til enmere nuanceret forstaelse af metodebrugeren.
Artikel Il udvider denne undersggelse ved at analysere, hvordan undervisning i metoder pavirker
udviklingen afdesign mindset Gennem et kvasieksperimentelt forskningsdesign pavises det, at bade
individuelle traek og kontekstuelle faktorer spiller en vaesentlig rolle i udviklingen afesign mindset, og

der opstilles en model tilat forstd, hvordan designere leerer gennem metodebrug.

Det andet forskningsspor undersggecognitive loadi relation til design og metodebrug. Cognitive Load
Theory tilbyder et perspektiv pa den mentale indsats, der kraeves for at anvende metoder i komplekse og
iterative designprocesser. Artikel llpreesentereren konceptuel model, der koblercognitive loadtil
designaktiviteter med seerligt fokus p&dammesaetningen af design situatione. Artikel IV supplerer dette
ved empirisk at undersggecognitive efficiencyT hvordan designere balancereiperformance ogkognitive
indsats T gennem et pilotstudie, der sammenligner heuristiske og systematiske designmetoder i en
idégenereringsopgave. Samlet fremheever disse artikler de kognitive begreensninger, som designere
oplever, nér de navigeredesign problemerog anvender designmetoder.

Afhandlingen positionerer designmetoder som fleksible ogeflekterende veerktgjer frem forrigide og
procedurebaserede rammer, og fremheaeverderved designerens centrale rolle i at kontekstualisere og
tilpasse metoder til skiftende udfordringer. Ved at integrere perspektivere design mindsetog cognitive
load bidrager forskningen med et teoretisk grundlag for at forstd metodebrug og dens implikationer for
designpraksis og-uddannelse. Dette arbejdetaler ind i de voksendebestraebelser indenfor
designforskningen pa at opbygge teorier om metodebrug i desigrvalideringen afdesignmetoder, og
understgttelsen afudviklingen af metodersom imgdekommer metodebrugereskognitive og praktiske
behov.

Ved at adressere disse dimensioner sigter dennafhandling mod at informere de igangveerende debatter
inden for designforskning og tilbyde brugbare indsigter til undervisere, praktikere og metodeudviklere.
Den understreger samspillet mellem kognitive processer og refleksiv designpraksis og bidrager saed

til det bredere mal om at fremme designmetoder som vaerktgier til innovation i en stadigt mere kompleks
verden.
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(Shakespeare, 2012, Hamlet, Act 2 p. 95)



Preface

When lbeganmH ¢ H#HE 3G Y1 &+ W 3N JUWRUWnet 6RYUWT Wt RDUWRUW=MMDA LW
myself researching design methodsl just wanted tomake creativity a career Nevertheless, looking

back, | already possessed a curiosity about the design process and a hunger for understandingiits and

outs. Thiscuriosity has followed me through my educational and professional career, and when the

opportunity arose todelve into it, | jumped on it and never looked back.

If not before starting my PhD, then fairly early on, | knew | wantedtile my dissertation: Method over
Madness. While the creative process might look like madness for the uninitiated, there is system to it and
more importantly, it is not irrationallOWUN 6 R+ WRY Wec at YWs 6! Wf WHGS Y DWW VY WG In¢ HIII

words fromHamlet: AN 6 Y2 D6 H0q 6 Rt FOH 110G ¢ T U 10t {Shaksspearepapd2)g. $5yORt OG0 I q 6 Y 1

Besides capturing the often chaotic, complex, and ambiguous nature of designinghe quote also
captures the monumental task of doing a PhDThe first couple of months ofmy PhDwere hectic, to say
the least. | had barelyarrived at the Technical University of DenmarkTU) before mysupervisor, Jaap
Dalhuizen, suggestedl write a conference paperfor DR22, with a deadline only onemonth away.
Helped by anextended deadlineand my co-authors, | got my first academic paper acceptedand
published. In parallel, we somehow managed to prepare my first studyand after just three monthsat
DTU, wecollected my first data, which, in combination with extensive readingand learning how to do
statistical analysis, ended up being at the centre ofmost of my PhD project.Looking back, it would have
been better practiceto do it the other way aroundbut then again the purpose of doing a PhD is to learn.
This dissertationrepresents a little more thanthree years ofexploration into the interaction between
design methods and their usersWhile my understanding of design practices has evolved, | am still not
satisfied that | have made sjnificant strides towards understandingdesign practices or method usage If
anything, | have more unanswered (research) questions than when | startdoiyt | am fairly certain that is
the point.

| am deeply grateful to DTU for funding my project and to my supervisofaap DaalhuizenJohn Paulin
Hansen, and Claus-Christian Carbon, for their guidance and encouragementMy colleagues, both at DTU
and beyond, have enriched my research witdiverse perspectives and invaluabldeedback. Special
thanks to my fellow designPhDcandidatesy Andy Mattulat Filipovig Camilla Kirstine Elisabeth Bay Brix
Nielsen, and Carolina Falcdo Duartey for countless discussions about design as well as toBjorgvin
Hjartarson for sparring, climbing, hikingboth local and international, introductions to awesome people,
and generally good timesLastly, to my friends and family, thank you foensuringthat work was not the
only thing in my life.None of this would have beerpossible without you, or at least it would not have been
the same.

B LL¢ Nkiillidhnnot believe that somebody has been paying me for geeking out over design methods and
design practices. It has been a privilege and joy, and| would do it all over again in a heartbeat.

Odense, Denmark, November 2024

Jakob Clemen Lavrsen
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Introduction

1 Introduction

Design is essential in shaping the world around us. Most of what surrounds us has in some way been designed,
from the coffee machine that helps us get going in the morning to the car we drive, the road we drive on, the
services that deliver groceries to oufront doors or let us stream films directly to our screens, even much of

what we call nature has been shaped by design.

Over the last decades, designers have been called on to take greater responsibility for the impact of the
products and solutions they create(Davis, 2017; Findeli, 2001; Fry, 2009; Meyer & Norman, 2020;
Oppenheimer, 2020) At the same time, design has increasingly been called upon to solve the most complex
challenges facing both society and the environmen(Brown, 2009; Fry, 2009)expanding the realm of desigiR.
Buchanan, 2001; Tromp & Hekkert, 2019nd putting design methods into the hands of people outside the
traditional design fields (E. B:N. Sanders & Stappers, 2008)

With the expanded scope of design and the potential for greater consequences resulting from applying design
approaches to more critical challenges, the requirements to design methods and the need for quality methods
have never beerhigher (Cash, Daalhuizen, et al., 2023)However, the theory surrounding method

development has not kept pace with these demands. Even though the development of design methods is one
of the main avenues through which design research impacts design practid®lessing & Chakrabarti, 2009;
Cantamessa, 2003; Daalhuizen & Cash, 2021and the central role of design methods in design education and
practice (Andreasen, 2003; Daalhuizen et al., 2014; Jones, 1992; Newstetter, 1998; Shreeve, 20lifile is
known about how design methods work and what determines their performance. The interaction between
design methods and method users is especiallynderexplored in design research{Dorst, 2008)
Consequently,q 6 WWHz1 | JUqW2¢d RT ¢qRYUWY nWT It ROOWAGWqEYT + k WIn'nlJH
comparable to design(Cash, Daalhuizen, et al., 2023)

1.1 Design Method in Design Research

Design research as a research field evolved frone.g.,the operations and management, decisioamaking, and
creativity research growingout of the innovations of World War 11, with an aim tepur on creativity and
innovation in the postwar era(Cross, 2007) These different strains of research influenced early examples of
design methods and methodologieqsee for example Alexander, 1964; Archer, 1965; Asimow, 1962; Jones,
1992 (1970); Osborn, 1963)

N6l YenN6Wag6 JWNDSE MK t Laq dedieisRdgidesignlsperhaps Yédttep@denddd Hysemerts LU
Simon's (1996 (1969)The Science of the Artificia{Cross, 2007) The first generation of design methodaligned
with positivism, focusing onformalising and rationalising design activities (Cross, 2008; Lloyd, 2019)This
resulted in systematic and prescriptive approaches and methodswith top-down, algorithm-like, and
hierarchical procedures (Bender & Blessing, 2004; Cross, 2008; Guindon, 1990)he overall aim of these
methods was toformalise best practices, manage complexity, facilitate teamwork, and limit mistakes in the
design process and failures of productqCross, 2008; Daalhuizen, 2014)

Heralded by the likes ofHubka (1982) and Pahl et al. (2007}he systematic perspective on design methodstill
dominates, especially engineering designto this day(Cross, 2007; Lloyd, 2019)resulting ina focus within
design research into design methods predominantly on the process, to the exclusion of the design content, the
designer, and the design contex{Dorst, 2008)

However,t R U £ 1J LW gthie Sydténtatid iperspective on design methods has beercriticised for the

rationalising of design methods(Lloyd, 2019)and for making designerdact like machinesk(Jones, 1980, p. 173)
(Cross, 2007; Lloyd, 2019)a criticism echoed by later authors highlighting that the systematic methods

seldom reflect how designers actually workBender & Blessing, 2004; Cross, 2008; Jensen & Andreasen, 2010)

The general assumption behind the systematic design methods seems to be that designers can and will follow
design methods as prescribed like a roadmap to predetermined outcomes(Daalhuizen, 2014; Daalhuizen et
al., 2014) However, designers tend to deviate from prescribed approaches in response to the design context
and emergent opportunities(Guindon, 1990) Furthermore, systematically following a design method is no
guarantee for a successful design procesgCurry, 2014; Daalhuizen et al., 2014; Daalhuizen & Cash, 2021)
Method usage is affected directly by théstagingkof the method, i.e., how it is chosen and used in relation to

1



Method over Madness

the specific design situation, context, and procesgDaalhuizen & Cash, 2021; Mansoori et al., 2023)ncluding
any constraints imposed by available resourcesprganisational structures, or requirements. Likewise, the
appropriateness and affordance of a method for the specific design situation and context need to be assessed
(Badke-Schaub et al., 2011; Daalhuizen & Hjatarson, 2022; Gericke et al., 2016; Newstetter, 199&hich
furthermore depends on the available information about the context, the information contained in the method,
and the mindset through which the method user interprets the informatiorfDaalhuizen & Cash, 2021)In this
symbiotic relationship between the method, the context, and the method user, the method user emerges as
the central actor, interpreting and translating the wider design context and facilitating any potential synergies
between the components at play in the design situationAs such, method usage requires reflexivityBender &
Blessing, 2004)and reflection-in-action (Adams et al., 2003; Schon, 1983p respond to the evolving design
situation throughout the process of using a methodDaalhuizen & Cash, 2021 )suggesting that the method

user must invest considerable cognitive effort and resources to effectively apply design methodReflecting
these insights, designmethods have, over the last decademoved fromthe highly structured linear
approaches to increasingly being framed as mental tools(Daalhuizen, 2014)or tools for encouragingts @ Y | 1J LU
reflective, meaningful, and socially responsible design practice&(Gray, 2022, p. 1)

However, despite the recent efforts made to build theory around design method¢Daalhuizen & Cash, 2021;
Gericke et al., 2020; Gray, 2022)and the validation of them(Cash, Daalhuizen, et al., 2023; Vermaas, 2016)
research on the interaction between design methods and their users remains sparg®aalhuizen, 2014;
Daalhuizen & Cash, 2021; Dorst, 2008; Gericke et al., 201 Qonsidering the central role of the method user in
method usage, the lack of researcton the interaction between the methoduser and the design methodsds
bound to limit our understanding of the phenomenorand development of design methods To ensure that
design methods can handle the greater demands put on them by the expanded scope of use and to improve
the method development and validation processof design methods, it is necessary to better understand the
fundamental interaction between design methods and method usergCash, Daalhuizen, et al., 2023)By
investigatingthe interaction between method users anddesign methods, identifying core components,
constructs, and their relationships, such researchwould contribute to the development of a coherent theory of
method usage in desigrto the benefit of designresearch more generally(Cash, 2020; Daalhuizen & Cash,
2021). Such contributions would ultimately support the development of more effective, adaptable design
methods that better align with the cognitive and practical needs of designers, advancing both design research
and practice.

1.2 Research Questions and Aims

In response to the identified gap in designesearch, this dissertation aims to contribute to our understanding
of the method user andtheir interaction with design methods.Consequently, this dissertation has been guided
by the overall question:

How does the interaction between method and method user influence the user and the usage of
methods in design?

Toanswerthis question, this dissertation presents inquiries intotwo core constructs related to the method
user and theirinteractions with design methods:design mindsetand cognitive load. Following a theory
building approach, bothinquiries focus on defining and describing the constructs, resulting in conceptual
frameworks for empirical investigatingof the relationship between method usage and the method user.

Inquiry Iconsist of Article | (Chapter4) and Article 1l (Chapteb). Itinvestigates the construct of design mindset

and its development N6 1J LT 13+ RnBsétlslcansidéréd a central component ofeffective method usage,

influencing how a method is understood,staged, and used(Andreasen, 2003; Daalhuizen & Cash, 2021,

Mansoori et al., 2023)However, dJt GRaq U WR gt WRAGGY! q¢ URVAWRqWRY We UHG eI Ws 6
and what factors influence its development.To addressthis, Article | defines and operationalises the construct

design mindset In doing so, Articlel also connects design mindsetto the three personality traits ambiguity

tolerance, self-efficacy, and sensation-seeking, which all have been connected to design or creativity

(Bandura, 1997; Dosi et al., 2018; Mahmoud et al., 2020; Zuckerman, 19%8)d, thus, help expand our general
understanding of the method user.



Introduction

Article 1l (Chapter5) utilises the Design Mindset InventoryD-Mindset0.1), developed in Article | to investigate
how individual and contextual factors influence the development of aesign mindsetthrough method
teaching/method usage In answering this question, Article lipresents a framework of how method usage
informs the development ofdesign mindset, outlining core aspects of the interactions béween design method
and method user.

Together,the two articles of Inquiry | provide important insights into the relationship between design methods
and method users in terms otheir design mindsetand personality traits.

Inquiry Il consists of Article 11l (Chapte6) and Article IV (Chapterr). It investigatesthe construct of cognitive
load and how it influences designbehavioursand method usage.Cognitive load is the mental effort required to
process information, solve problems, and make decisiongSweller, 1988; Sweller et al., 2019)As aconstruct
influenced by individual experience, expertise, and knowledge, as well as the nature of the problem, the
condition of the situation and context, the process, and the availability and presentation of information
(Hancock et al., 2021; Paas & Van Merriénboer, 1994; Sweller et al., 201@)gnitive loadis informed by many
of the same variables that are at play in method usagend, therefore, presentsa promisingoperationalisation
of the method user in relation to method usage.

Article 1l investigates the potential of cognitive load for understanding design behaviours and activitids
doing so, it outlines a conceptual framework for understanding desigractivities, especially the process of
framing and reframing, through the lens ofognitive load

Article IV (Chapter 7) continues this investigation ofcognitive loadby presenting a pilot studyinvestigating how
Cognitive Efficiencyon an ideageneration taskis influenced by using different types of design methods
Cognitive Efficiencyis the ability to achieve goals with minimal cognitive effor(Paas & Van Merriénboer, 1993)
Tying cognitive load and performance togetheiCognitive Efficiencyprovides important insights into the
mechanisms influencing design performance.Investigating this relationship,the study presented in Article IV
also investigates four different measures of performance: three selassessed measures related to the
perceived novelty, usefulness, and satisfaction with thesolution, and one raterassessed measure related to
how well the design task hasbeen solved.As a multifaceted measure of efficiency, including both the
experience of the method user and their performance, the investigation @ognitive Efficiencyhelps usmove
towards a potential answer to how method performance can be evaluated.

An overview of the four included articles is provided ifiable 1-1. Two additional conference articles have been
published during the PhD project. While not substantially contributing to the main inquiries covered in this
dissertation, and therefore not included in full, elements ofTowards a lifecycle of design methodgLavrsen et
al., 2022)are used in Chapter2 for context and referenced in other of the included articles. The awardinning®
article The Design Mindset Inventory (IMindset0): A Preliminary Instrument For Measuring Design Mindset
(Lavrsen et al., 2023has been expanded, andts content is now generally covered by Article | of this
dissertation.

In identifying andoperationalising key constructs related to the method user and outlining conceptual models
describing their relationship to method usage, the two inquiries provide important tools and insights for
continuing the development of a theory of method usage in design. These doibbutions have the potential to
further research into method usage and the development and evaluation of design methods. Adding to the
understanding of method usage and the interaction between designers and their methodghe dissertation
provides important insight into how design methods work and, thus, potentially into core design activities and
practices. Moreover, highlighting the cognitive processes related to method usage also has the potential to
inform metacognitive processes related to how designers think about designing and, thus, improve both design
education and practice.
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TABLE 1-1: OVERVIEW OF THE INCLUDED ARTICLES IN THE DISSERTATION

Inquiry I Inquiry Il
Article | Article Il Article Il Article IV
Title Measuring Design Developing Design Balancing Cognitive Cognitive Efficiency
Mindset: Developing the | Mindset: How Load in Design Work: A Using Heuristic vs
Design Mindset Inventory individual and Conceptual and Systematic Design
through its relationship | contextual factors Narrative Review Methods:
with ambiguity tolerance, | influence the Assessing Theoretical
self-efficacy, and development of Design Foundations and
sensation-seeking Mindset through Measures of Design
Method Teaching Performance through a
Pilot Study
Co-authors Carbon, C. C. Carbon, C. C. Daalhuizen, J. Carbon, C. C.
Daalhuizen, J. Daalhuizen, J. Daalhuizen, J.
Status In press Published Published Submitted
Publisher Design Science Journal of Engineering | Design Research (Journal of Design
Design Society (DRS), Research
Proceedings DRS2024
Research What isdesign mindset, | How do individual and | How can design How do systematic
questions and how do we measure | contextual factors practices be versus heuristic design
it? influence the understood through methods influence
development ofdesign | the lens ofcognitive cognitive efficiencyon
mindset through load, and what an idea generation
method teaching? implications does this | task?
perspective have for
investigating these
practices?
Method(s) Scale development, Quasi-experimental Theorybuilding, Independent, single-
Statistical analyses pre-post-intervention Conceptual modelling, | anonymized, single-
(factor analysis, research design, Narrative review factor, three-level
regression analy®s) Statistical analyses experiment, Statistical
(regression analy®s) analysis ANCOVA
Key Article loperationalise Article Il nvestigates Article Ill presents a Article IV investigates

contributions

the construct of design
mindset and develops
the Design Mindset
Inventory (D-Mindset0.1)
to measure it. The
inventory is revealed to
measure four
subconstructs:
Conversation with the
Situation, Iteration, Co-
Evolution of Problent
Solution and
Imagination, and being
positively correlated with
ambiguity toleranceand
Self-efficacy.

b aqel |dérelopment
of design mindset
through method usage
and provides a
conceptual framework
for understanding the
process through which
this happens.

The resultsshow that
method usage has a
statistically significant
and positive influence
on design mindsetbut
also that the learning
process is influenced
significantly by
ambiguity tolerance,
Self-efficacy and
Sensation-seeking.

conceptual framework
for understanding
design activities
through the lens of
cognitive load,
suggestingthat
cognitive loadin the
design processcan be
managedthrough
efficient design
activities. It does so by
drawing upon theories
rooted in cognitive
science and
information
processing.

cognitive efficiency
related to using
systematic versus
heuristic design
methods. The pilot
study reveals that
neither method
significantly improved
cognitive efficiency and
highlightsthe
challenges of capturing
cognitive loadand its
impact on design
performance, adding to
the theoretical
understanding of
cognitive efficiencyin
design.




Theoretical Background

2 Theoretical Background

This chapter presents the theoretical foundation and backgroundof this dissertation. It draws on the theory
presented in each of the includedarticles to givea conceptual basis andoverall understanding of the key
phenomenon, concepts, and constructs under investigation. As such, itservesto tie the articles together and
frame the further discussion of them in Chapter8.

Firstly, the general concept of desigimgis outlined in 2.1 DesignActivities. Thissection provides an overall
framing of design activitiesspanningthe spectrum from design processes tahe underlying cognitive
processes supporting the achievement of design goalsBuilding on this, ®ction 2.2 DesignMethods defines
and describesdesign methods both in terms of theirrole in the design process and the manifestation of
design methodsas objects designers can interact with Section 2.3 Interaction with Methods outlines the
different interactions between method users and methodsthroughout the lifecycle of design methods,
highlighting theselection, adaption, and usage of design methodsLastly, 2.4 Method Userintroduces three
aspects of the method usery personality traits, mindset, and cognitive capacityy which informs the framing of
the method user in the four included articles.

2.1 Design Activities

Designing is a fundamental human activitfHeskett, 2002; Lawson & Dorst, 2009)0r asHerbert Simon
formulates it: fFEveryone designs who devises courses of action aimed at changing existing situations into
preferred onex(Simon, 1996, p. 111)

Generally, design activities are the goaldirected cognitive andbehavioural activities required to bringinto-
beingan artefact or interventionto achieve a design goa{Cash & Kreye, 2017, 2018Asthese underlying
cognitive processes andbehavioural actions accumulate (Bedny & Harris, 2005; Cash & Kreye, 201 ey
grow into design processesand potentially individual practices, codified design methods, processes and
methodologies.

Design processesare agoal-directed sequence of activities(Gericke et al., 2020) The termcan either describe
aprescribed and formalised process or the specific sequence of ectivities as it emergesin a specificdesign
situation (Gericke et al., 2020)Due to thevarying goals of different design disciplinessome types of design
activities are more dominantin some disciplinesthan in others. However, there are often common and shared
traits across domains (Lawson & Dorst, 2009)We seethis reflected in the commonalities between many
formalised design and innovation processesacross domains (see VanPatter & Pastor, 2016)For example,
Stanford University? Ot # 6 De¥igniHinkingProcess (Figure2-1; Both & Baggereor, 20103nd the Double
Diamond (Figure 2-2; Design Council, 2003)oth highlight starting with some sort of exploration, followed by
defining or framing the design spacend then the generation and development of a solutionN & 1J LI? Ot H#E Y Y O Kk |
Design Thinking Processighlights prototyping and testing in the last stageswhile The Double Diamond
indicates abroader focus on implementation.

| EMPATHIZE

PROTOTYPE

FIGURE 2-1: IDEOQ’s DeSIGN THINKING PROCESS
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FIGURE 2-2: THE DouBLE DIAMOND

Both visualisations suggest somelevel ofllinearity in the design process downplaying the iterative nature of
designingfor a simpler model However, design processes are seldom linear. Asthe design process
progresses, it is often necessary to revisit earlielecisions and repeatactivities related to earlier stages(Dorst,
2011). This dynamic natureof design activities has led some researchers tocategorise design activities on a
more fundamental level. Lawsonand Dorst (2009) for example, suggest that design activities fall into the
categories of Formulate, Represent, Move, Evaluateand Manage Formulate covers such activities as
identifying and framingthe design problemand the continuous definition of the designspace. Represent
covers theexternalisation of output from the other activities in words, text, form or other forms of visualisation.
Move covers the activities relatedto the continuous manipulation and rearrangingof representations, framings
and other information in the design spacewhich, in essence,are the core activities in generating solutions
Evduate-activities regulate Movesand solutions by evaluating andmaking judgments between alternatives.
Managerefers to the activities thatrelate to keeping the desigrprocess on track and include reflecting-in- and
on-actions and makingdecisions on whichspecific activities to apply in response to the evolving design
process.

Similarly, Cashand Kreye (2017)dentify three core types of desigractions: information action, knowledge
sharing action, andrepresentation action. Rooted in the underlying cognitive processesthey split the activities
slightly differently than Lawsonand Dorst (2009) For example Representation actionconcerns the cognitive
processes related to both internal and external representation&nd, therefore, includes aspects from across
all of Lawsonand Dorst's (2009)categories. Information actions are associated with the collection and
handling of data and itstransformation into knowledge. This relates strongest taLawsonand Dorst's (2009)
Evaluateactivities, but also include aspects categorised under, especially Move. Where information actions
are about processing external sources of information,knowledge sharing actionsare about formulating and
sharingoness individual understandingto generatea shared understanding of the design context it is about
effective communication and facilitating group learning and creativity These actionsare mainly covered in
Lawsonand Dorst's (2009)Formulate and Move categories.

Compared to the activities on the process level, at the level of actions and cognitive processes, the flexibility
and variation of design activities become clearCharacteristic for the more fundamentaldesignactivities is

that they permeateall higherlevel activities. They reflectthe constant moving back and forth between thinking
modes in response to theoften non-linear process of designing iterating, revisiting, andrevisingboth the
structure of information, the framing of the design space, and the understanding of the potential solutiois
such, design methods, processes, and practices alike are sequences ofthese fundamental activities in
response to the everevolving design situation We see thisreflected when, for example,Yilmaz et al. (2010)
point to methods like TRIZ, SCAMPER, and Synetics as sources of heuristics, indicating that design methods
can be deconstructed into simpler sequences of design activities.

Breaking down design activitiesnto their underlying cognitive processes as Cash and Kreye (2017o, it
becomes clear that designing is a multifaceted cognitive proces(Cross, 2001; Finke et al., 1992; Hay et al.,
2017). Furthermore, it also reveals thatthe cognitive process of designers is not fundamentally different from
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the cognitive processes ofnon-trained designers(Weisberg, 2009) Managing,structuring, and communicating
information is fundamental to most human thinking supporting that design is a fundamentahuman activity.

2.2 Design Methods

The termdesign methodsis used in multiple ways within the design literature, covering a wide array of tools,
frameworks, and approachesthat vary significantly in both structure and purpos€Gericke et al., 2020, 2022)
For some,design methodsencompass anything that facilitates the design procesqCross, 2008; Jones, 1992)
Others define design methods more narrowly as structured, prescriptive guidelines amstructions on how to
achieve a particular result(Gericke et al., 2017). There are also different perspectives on the purpose of design
methods. Some see them primarily as a means toptimise product development, focusing on improving
efficiency and effectiveness in achieving higkquality solutions (Blessing & Chakrabarti, 2009; Jagtap et al.,
2014), while others, such asDaalhuizen (2014) view them as fmental toolskintended to shift mindsets and
behaviours, promoting new ways of approaching and understanding design challenges

Following the definition of design activities above, design methods ar®rmalised sequences of activities

aimed atadvancing the design procesgoward a design goal.For a sequence of design activities to emerge in a
T 13t RNDUWI Kkt HSdodifisdinfora deslgnUnethidd the sequence must necessarily occur routinely
(Daalhuizen, 2014; Lawson & Dorst, 2009Furthermore, the situation of use mustbe predictable enough to
ensure some level ofsuccess when the sequence of activitiesis applied and common enoughto be relevant

and warrantformalisation (Daalhuizen, 2014)

Theformalisation of design activitiesmakes them explicity at least to a certain level.Byformalising a
sequence of design activities they help designers break down the design process into more manageable
components and design activities(Cross, 2008; Curry, 2014; Gericke et al., 2020Pesign methodsstreamline
the design process,provide scaffolding and structure, mitigate risk, oversights, and errors, and can ensure
alignment with industry and safety standardsand some control of performance(Cross, 2008; Curry, 2014,
Hjartarson & Daalhuizen, 2021; Jagtap et al., 2014; Lawson & Dorst, 2009; Newstetter, 1998)

Throughexternalisation of design activities and thinking, design methodsalso make procedural and practical
design knowledge accessible, teachable shareable, and open to improvement(Cross, 2008; Dorst, 2008;
Gericke et al., 2016; Jensen & Andreasen, 2010; Jones, 1992; Wallace, 20A¥)carriers of procedural
knowledge, design methods can, to some extent, stand in for practical experiencgsee Sweller, 2023and help
designers navigateunfamiliar or especially complexdesign situations (Schgnheyder & Nordby, 2018)
Additionally, design methodsgive teams a shared point of referencghelping them tocoordinate, structure,
and perform design tasks(Daalhuizen et al., 2019; Gericke et al., 2020; Jagtap et al., 201@&pnsequently,
design methodshave been crucial in professionalising design practices(Jones, 1992) They scaffold learning,
facilitating the development of design skills and practiceqCurry, 2014; Daalhuizen et al., 2014; Jones, 1992;
Newstetter, 1998; Shreeve, 2015)informing belief formation anddesign cognition(Cash, Daalhuizen, et al.,
2023).

2.2.1 Design Methods as Mental Tools

While design methodsprovide benefits by structuring complex design processes and enabling more
systematic approaches, they themselvesdo not ensuresuccessful design processes or outcomegBadke-
Schaub & Frankenberger, 1999; Curry, 2014; Daalhuizen et al., 2014; Daalhuizen & Cash, 2084 )already
covered, the method user is the central actor in method usage, interpiing, and translating the design method
and context to determine the actions needed to achieve the design goalés such, it becomes the ability of a
method to prompt appropriate actionsand design activities in relation toa design situation that determines the
success of a methodand, ultimately, the success of the desigrprocess.

Consequently, the definition of design methods agormalised sequences of activities is insufficient to capture
the means by which methods generate value. Rather than procedures to be strictly followed, it is more fitting to
frame them as mental tools(Daalhuizen, 2014) In this context, methodsbecome resources that provide
information about design activities in relation todesign situations and components of the design context,
supporting the designer in making sense of and navigating the design spaf#aalhuizen, 2014) Therefore,

design methods are better defined ashets Wn Y1 G ¢ G Rt JT W WGI Wt JUq¢ qRYULWY nWe Wi
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mental tool to support designer to (learn how to) achieve a certain goal, in relation to certain circumstances
and resources availabla(Daalhuizen et al., 2019, p. 37)

This extended definition of design methodsicknowledges the cognitive, adaptive, and situated nature of
method usage,extending itbeyond the execution of predefinedorocedures and into the realm of reflective and
flexible problem-solving.

2.2.2 The Manifestation of Design Methods

While mental tools, as externalisations of design activities,design methods themselves are generallycaptured

in some form ofinformation artefact (Daalhuizen & Cash, 2021)information artefacts are the humanmade
representation of information in physical or digital form(Marchionini, 2010) These informationartefacts
typically contain abstract models describing the structure of generic design situations and the design activities
needed to managethem and produce specific outputs or outcomes(Daalhuizen, 2014)

Gray (2022)dentifies three types of knowledge contained in design method<Codification-oriented,
Performative, and Presentation-oriented. The Codification-oriented knowledge relates to theformalised
procedural and descriptive knowledge contained in the methodIt includes sensitising concepts, attributes,
and the core, which together providethe conceptual framing ofthe designmethods and the designsituation,
placing itin relation to existing theories, concepts, practices, or outcomegGray, 2022) which generally aligns
with the systematic approach to design

While procedural and descriptive knowledge help position a method in relation to theory and practice and
suggest a way forward, it might not be sufficient for applying a method in practic&ray (2022)ndicates that
design methods should also containperformative knowledge. Performative knowledge involves the aspects of
a method that are activated during its use by a designer, including the inputs, mechanics, and outputs that
drive design action in a specificsituation (Gray, 2022) It relates to the application of theformalised procedural
and descriptive knowledge contained in the methods, and guidance of applying and adapting it to the specific
content. As such, tis knowledgeis not disconnected from the formalised procedural and descriptive
information but rather builds on itto ensure the practical implementation of a method.Therefore,the
performative perspective on design methods aligns with the framing of methods as mental tooishere the
content of the method has to be interpretedn relation to the design situationand the users understanding of

it. The performative information might be more or less explicit, depending on how abstract the method is
presented. Ideally, a method should contain the necessary information for the effective adaption and
application of a method to the context of usgDaalhuizen & Cash, 2021; Jagtap et al., 2014)jowever,

methods often lack information on the tacit knowledge required for effective usagéAndreasen, 2003; Jansch
et al., 2005) As we move into method usage and the interaction between design methods and their users, we
dig deeper into the role of performative knowledge in relation to method usage.

Cutting across these types of information Daalhuizen and Cash (20213pecify the fgoodkdesign methods
should contain information about: Method Goal, Method Procedure, Method Framindvethod Rationale,and
Method Mindset Method Goalcorresponds to the explicit purpose of the design method and should provide
clear information about the design goals it will aid in achievinglethod Procedurerefers to the sequence and
logical structure of the design activities proposed to achieve thdlethod Goal Method Framingsets the
context for the use of the method, providing information about the situations in which the method is
appropriate, the prerequisite factors for applying the method, and how it should be staged in relation to the
context of use. Method Rationalejustifies the method and the relationship between its components, providing
information about the underlying motivation and relevance of achieving th®ethod Goal Together,Method
Framingand Method Rationalehelp position the method within thedesign situation, allowing the user to infer
appropriate actions in the face of incomplete or conflicting information and observations Method Mindset
outlines the knowledge, beliefs, perspective on design, and values required by the useritaplement the
method effectively. Daalhuizen and Cash (2021propose that method content resemblesfiheorykin the sense
that it organisesknowledge aboutrelevant variables, their relationships, andthe domain of action(see
Wacker, 2008) e.g. the actions needed to be taken to achieve the expected result&ike theory, the internal
logic of a method should be consistent(Daalhuizen & Cash, 2021; Wacker, 1998Consequently, the quality
and internal logic of the information contained in a methodnfluence the quality of the method(Daalhuizen &
Cash, 2021)
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Lastly, as information artefacts, design methodspackage andpresent this information. Gray (2022highlights
this in the presentation-oriented stance on design methods which relates to theactual manifestation of the
method in terms ofthe format, medium, and structures of guidance.Guidance structuresrefer to, e.g. steps,
lenses, questions, heuristics, methodologies, frameworks, and guidelinestying together the prescriptive core
and performative mechanics of methods (Gray, 2022) Themedium refers to thetype of interfacethe designer
interacts with, e.g.,templates, card decks, worksheets, videostools, and games(Gray, 2022) Thetype of
medium can be a presentation layemalleable to change transforming thetypes of interactionsfacilitated by
the method without changing the core elements of th@rocedural and descriptive information (Gray, 2022)

In combination, the manifestation of the method can determinewhat interactions and design activitiesit

affords (Gray, 2022; T. Green & Blackwell, 1998) specific manifestation mighthighlight some features of the
design situation, ignoring others, increasing the affordance of some design activities over othegidaalhuizen,
2014; Dalsgaard, 2017)Doing so, the method helpghe method user toprioritise features and structure design
activities in response to the situation(Daalhuizen, 2014) In other words, the way methods are packaged and
presented and the content they contain can have a huge impact on how the method is perceived, understood,
and used(Daalhuizen & Cash, 2021; Gray, 2022; T. Green & Blackwell, 1998)

2.3 Interaction with Methods

Throughout the lifecycle ofdesign methods, the nature of theinteractions with a design methodchanges. The
Lifecycle of Design Methodspresented byLavrsen et al. (2022 outlines how designers interact with methods
across different stagesof development, dissemination, discovery, operationalisation, use, andinternalisation
(Figure2-3).
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FIGURE 2-3: AN UPDATED MODEL OF THE LIFECYCLE OF DESIGN METHODS AS PRESENTED AT DRS22

During development, the designer of themethods engages in theformalisation of design knowledge either
through a practice-driven, bottom-up approach or a theorydriven, top-down approach, shaping the
manifestation of the method. During dissemination, interactions are characterised by efforts to introduce
methods to practitioners, involving formal education and marketing strategies aimed at ensuring accessibility
and buy-in. Moving fromthe method developer to the potential method user in method discovery and
awareness, the interaction is geneally cursory as the potential user searches for methods to solve a challenge
or improve their practice.Operationalisation refers to the process of becoming familiar with a method,
assessingits relevance, and making any general adjustments to fit it to a domain and practice.

The central part of theLifecycle of Design Methodss the method usage, here including the selection,
adaption, use, and evaluationof the methods. In the use stage, interactions become more dynamic as
designers select and adapt methods to fitheir specific needs, requiring them to interpret and customise the
methods in response to, e.g.,their practice, the design problem context, and stakeholders. Through method
usage, methods might eventually bénternalised, moving the designer away from explicitlyoflowing formal

2 Thisarticle, while part of my research efforts and presented at BRS2022, is not included in full within this dissertation. Although it
provides an interesting exploration othe lifecycle of a design method, its contributions to my research are primarilio highlight the
differences in interactions witha design method throughout its lifecycle As such, it does not substantially advance the core research
questions addressed in this dissertation and is therefore referenced here for context rather than included as a full chapter.
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guidelinesto integrating the core principles of these methods more fluidly into their practiceAs such, &
methods have beeninternalised, they cannot, strictly speaking, be considered methods anymoréDaalhuizen,
2014). They become ceopted by the designer's idiosyncrasies and embodied practices to form new practices
that potentially can beformalised as new design methods prompting a new cycle of the methodlifecycle.

Method usage andinternalisation make up the staging ground for the twastrains of inquiry covered by the
articles included in this dissertation. As indicated by the dashed-lined arrows of Figure2-3, the two stages are
interconnected, reflecting the intertwined relationship between the method usage and thenethod user.

2.3.1 Method Selection and Adaptation

Method usage is situational(Badke-Schaub & Frankenberger, 1999; Daalhuizen, 2014; Schén, 198and
influenced by a complex network of factors such as the individual, the method, the design context, the social
organisation, the specific design situation, and other external condition§Badke-Schaub & Frankenberger,
1999; Daalhuizen, 2014; Gray, 2022)

Method usage covers the selection, adaption, use, and evaluation of a metho#igure2-3). Unless the method

is being prescribed by someone else, the selection of it is dependent on the designer's awareness of it and the
assessment of its appropriateness and affordance in the specific situatiorifBadke-Schaub et al., 2011;
Daalhuizen & Hjartarson, 2022; Gericke et al., 2016; Newstetter, 1998h assessing a method, the potential
method user must rely on the information provided by the method, their experience with the method or similar
methods, their understanding of the design context, and the specific needs of the design situation based on
their experience.

Adapting a method is a matter ofecontextualising it to the specific design situation(Daalhuizen, 2014;

Lavrsen et al., 2022)It could be to adjust the methodinput and output to fit the needs of the design process or
change themedium to better fit the needs andorganisation of the design team, e.g., transforming the method
into a worksheet. It could also be necessary to make changes to the core content of the method, e.g., changing
the procedure or framing of the method.

The extent to which method adaptation is necessargdepends on the fit between the method and the situation
of use. In a stable environment, very specific and precise methods might emerge that can be used again and
again without considerable adaption orrecontextualisation. However, design situations are rarely that stable.
Method usage can be influenced by practically an infinite number of interrelated factors, warranting different
actions and affording different opportunities(Daalhuizen, 2014) Furthermore, methods are often presented in
an abstract or general form to allow them to be applied in a broader range of situations, which puts more
responsibility on the method user in applying them appropriately. Like with method selection, the need t
adapt and the adaptations made to a method depends on the method user's assessment of appropriateness
based on their understanding of the method and the specific design situation. Disregarding the nature and
needs of the specific situation of use, the méhod usage might not achieve the intended goals. However,
changing the method too much and the method risks losing what ensured its efficacy and effectiveness
(Lavrsen et al., 2022)As such, adaptation of methods becomes a balancing act between preserving the
integrity of the method and making it appropriate in the design situation.

Daalhuizen and Cash (20213uggest that qualitymethod content helps facilitate the successful adaptation of
methods by providing the necessary information to make informed decisions on the changes needed to be
made. Discrepancies between the information available in the method and the information needed to
successfully apply it can, for example, hinder appropriate applicatior(Daalhuizen & Cash, 2021; Jénsch et al.,
2005). In such cases, where important information has not been made explicit by the method, the method user
must fill in the gaps by relying on their own knowledge and experience, highlighting the importance of their
ability to interpret the information in relaion to the design situation.

The adaptation of a method might not be as explicit, premeditated, systematic, or independent from method
usage as suggested above (seEigure2-3). The changes will often be a dynamic response to applying the
method in practice, influenced by how the task is perceived, the interpretation of the context in which the
method is being applied, the user's understanding of the method, and the requisiteackground knowledge, as
well as factors such as motivation, personality, and other individual trait§{Andreasen, 2003) Like in the design
process itself, it is only through the implementation of a method that it becomes clear what factors of the
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design situation are salient for the successful implementation(Cross, 2008; Daalhuizen, 2014)If a method is
appropriate or has been appropriately adapted, it should help provide a clear understanding of the design
situation, frame thinking, and point a way forward, prompting appropriate actiongDaalhuizen, 2014)

2.3.2 Method Usage

As touched upon above, design methods are used to gain a lot of different benefits. Among other things,
designers use methods to provide structure to an otherwise ambiguous process, handle unfamiliar or
challenging design situations, coordinate design actiities in a team, and develop new competencie¢Cross,
2008; Curry, 2014; Hjartarson & Daalhuizen, 2021; Jones, 1980; Lawson & Dorst, 2009; Wallace, 2011)
Designers mayutilise methods throughout the design process tdacilitate design activities like problem
exploration andframing, ideation, prototyping, evaluating, communicating, or managinghe design process.

As mental tools, using a methods a matter ofcognitively processingand transforming the information
contained in the methodsinto an actional understanding of the design situation and the activities needed to
achieve thedesigngoal (Daalhuizen, 2014) This places method usageas areflective practice, as presented by
Schoén (1983)characterised as fa conversation with the materials of a situatiom(p. 78) The role of reflections
in knowledge development andmaking sense of the world is laid out in Kolb's (2015)learning cycle presented
in Chapter 5in relation to learning through method usage and the development afesign mindset In short,
reflection in and on actionleads to aconceptualisation of the situation, informing new actions to test this
framing, potentially improving the situationor the control over it and prompting newactions, reflections, and
learning (D. A. Kolb, 2015; Schon, 1983)n this process, the information contained in a method interacts with
the user's practical experience, preferences,mental models, understanding of the design situation, and
idiosyncrasies of practiceto inform the designer's actions(Andreasen, 2003; Daalhuizen, 2014; Jensen &
Andreasen, 2010) Daalhuizen and Cash (2021have illustrated this interaction between the method and the
method user, as shown inFigure2-4.
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FIGURE 2-4: METHOD USAGE AS A MENTAL PROCESS IN RELATION TO THE METHOD, THE METHOD USER AND THE CONTEXT (DAALHUIZEN&
CASH, 2021)

Being a reflective practice also places method usage in contrast to intuitive thinkingtanovich (2009)places
reflective thinking within System 2, theslower, more deliberate, resource-heavy, rational thinking systenof the
dual processing system ofhuman thinking. In contrast, intuition is the driver ofthe faster, less cognitive taxing,
and automatic responses of System 1(Evans et al., 2005; Stanovich, 2009pystem1 is the default system,
with System 2 monitoring and stepping in to overwrite if the intuitive response is deemed insufficient or if the
(potential) outcomes do not align with expectations.

In addition to distinguishing between Systems 1 and 2yithin System 2,Stanovich (2009)also distinguishes
between the algorithmic and the reflective mind The algorithmic mind handles cognitive tasks requiring fluid
intelligence, such as working memory and computational processing. It focuses on decoupling
representations and managing serial operations but operates within predefined rules and taskBaalhuizen,
2014, stanovich, 2009)Conversely, he reflective mind is responsible for setting goals and regulating high
level epistemic thinking(Daalhuizen, 2014; Stanovich, 2009)It involves critical thinking dispositions,
influencing decision-making beyond immediate task performance This division between the algorithmic and
reflective minds highlights a central differencein the cognitive processing related tanethod usageas a
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systematic versusa reflective practice (Daalhuizen, 2014) Methods usageas systematic aligns with the
algorithmic mind, emphasisingrule-following, efficiency, and defined processes(Stanovich, 2009) The
algorithmic mind processes informationin short- and longterm memory to matchinformation and knowledge
to make rational decisions.lt is related to optimal performance,following specific norms (Daalhuizen, 2014)
Meanwhile, the reflective mind is crucial in goalsetting, linking beliefs and actions, and prioritising. This
reflective process involves not just following instructions but actively thinking through how the method aligns
with their design goals and the context in which they are working. Thus.ethod usage as a reflective practice
corresponds to the reflective mind, encouraging designers to think critically, reframe problems, and adjust
their approach based on broader goals and contextéDaalhuizen, 2014)

Despite the alignment with the two perspectives on method usagein actual method usage,the two aspects of
System 2interact to allow effective use of design methods.The algorithmic mind provideshe structure
allowing for the effective alignment withthe method procedure, while the reflective mind ensuresthe critical
assessment of the appropriateness of methods, promptingadaption to align with thegoals and the design
situation. This interaction enablesmethod usersto follow the procedures of the methodswhile also ensuring
that the method usage isadjusted as the design situationevolves.

Furthermore, the System 2 processingalso interacts with the intuitive responses of System 1System 2
processing is resource intensivewhich is why the brain tends to default to System 1 processingvhen possible
(Stanovich, 2009) Consequently, while appropriate method usage requires System 2 processingp actually
follow a method (Daalhuizen, 2014) the assumptions made about the surroundingcontext and thedecisions
made to accommodate them to the design situationand method usagemight very wellbe rooted inSystem 1
processingwithout any conscious considerations. The degree to which this is the case might be& matter of the
nature of information related to theseactivities contained in the method. If, asproposed by Daalhuizenand
Cash (2021) methods contain explicit information about how to stage the method usage and theationale
behind it, it might highlight aspects that need to be addressed, prompting System 2 thinkin@perating in
System 2requires a sustained overwriting 6 the intuitive responsesto avoid defaultingto learned behaviours.
In practice, this means thatthe desigrer might switch between the two systems of information processing
defaulting to the intuitiveresponses (inspired by the method)only reverting back to System 2 processinij
something unexpected happens.

Method usage, framed as a reflective practice, naturally means that the benefits of using the method should
continuously be evaluated. This might lead to further adaption or the abandonment of the metho®aalhuizen
(2014)suggest that the use of a method should be abandoned as soon as it no longer serves the purpose of the
designer. This might be to explore new opportunitie@Bender & Blessing, 2004; Guindon, 1990pr because the
method usage is no longer necessary to scaffold the design activities (see ChapterCurry, 2014; Daalhuizen

et al., 2014; Hjartarson & Daalhuizen, 2021; Lawson & Dorst, 2009; Newstetter, 1998; Royalty, 2018)

As methods becomeinternalised through repeated use, they move from the explicit and reflective domain of

System 2 into the intuitive and automatic realm of System (Chandler, 1993; Daalhuizen & Hjartarson, 2022;

Lavrsen et al., 2022; Paas & Van Merriénboer, 1994; Sweller et al., 20)this point, the method ceases to

function as aformal tool¢ UT WRUt q¢T WHIIHY G 1t WGE | q WY n eesDddlhlizéh, RN U I k t LW
2014), facilitating faster decision-making with minimal conscious effort. This transition illustrates the dynamic

interplay between reflective, deliberate thinking and intuitive, experiencébased responses in method usage.

Ultimately, the appropriateness and performance of a method are determined by the fit between the method

and the needs of the method user in the specific design situatio(Badke-Schaub et al., 2011; Daalhuizen &

Hjartarson, 2022; Gericke et al., 2016; Mansoori et al., 2023; Newstetter, 1998)

2.4 Method User

As made obvious above, the method useoccupies a vital rolein the phenomenon of method usage in design
by transforming the method content into actions fitting for the design situation. However, the relationship
between the method user and design methods is dynamiand the interaction influences both the method
usage and themethod users themselves(Andreasen, 2003; Daalhuizen et al., 2014; Daalhuizen & Hjartarson,
2022; Royalty, 2018)Individual characteristics, like thet 13 a1 6 Y T Lpersohhlity taitsl experience, mindset,
and cognitivecapabilities, influence the interaction between design methods and the method user
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2.4.1 Personality Traits

NEWUWGWq6 VYT Wet Wl Kkt WRUT R2RT 2c¢cd WGt YUcCORq! Wal ¢ Rmits WGT ¢ ! We
such as Self-efficacy, Ambiguity tolerance, and Sensation-seekingR Un i e WU R IJWe W 3t RNUWI Kt We H
select and adapt methods to fit thedesign context. For instance, a designer with higlself-efficacy may

approach new methods with greater assurance, ready to experiment and modify the(eee Bandura, 1997,

Jobst et al., 2012; Kelley & Kelley, 2013¥hile someone with a highambiguity tolerance will more easily

navigate uncertain or operended design situations(see Budner, 1962; Herman et al., 2010Mahmoud et al.,

2020). Meanwhile, Sensation-seekingindividuals might be more open totrying new methods andchallenging

social conventions in the design contex{see Franken, 2002; Hoyle et al., 2002; Zuckerman, 1979, 1994;

Zuckerman & Aluja, 2015)Articles | (Chapter 4) and II(Chapter 5) investigate the relationship betweenthe

three personality traits anddesign mindset

2.4.2 Design Expertise and Mindset

Besidesthe more general personality traits designrelated practice knowledge and experience is another
significant factor in method usageE # GIJ1 RIJURIT Wl 3+t RNDUWI + Wel BWYnagWBUWHWDqaqldl U
relevance and adjust it to fit their unique design contextésee Cross, 2008; Daalhuizen & Cash, 2021; Jansch et
al., 2005; Lawson & Dorst, 2009; Wallace, 2011yWhile novice designers mightling to the method, following it
religiously, to bring them successfully through the design processmore experienced designerause methods
more intuitively, customising them according to the demands of thesituation (Cross, 2008; Jansch et al., 2005;
Lawson & Dorst, 2009; Wallace, 2011)The experience to do so is built up over timéMethod usage encourages
particular ways of thinking about and approaching design situations, which in turn influencethe method

user's overall approach to design problems. For example, method users exposed to iterative methods might
acquire a preference fortrial-and-error approaches. Through reflective practices, designers can develop a set
of attitudes, beliefs, and approaches,internalising the underlying mechanisms, theory, and internal logic of a
method into a so-called mindset (Andreasen, 2003; Daalhuizen, 2014; Daalhuizen et al., 2014)

Mindset is both a precondition for and a result of method usage, evolving as the designer gains experience and

becomes more adept at navigating complex design processes. iltfluences how the method is staged

(Mansoori et al., 2023) how it is used(Andreasen, 2003; Daalhuizen & Cash, 2021and how the use is

experienced (Daalhuizen et al., 2014) Therefore, dit betweentheT 131 RN U + ¢k WG RUT + WqWe UT We W
considered necessary for the successful application othe method (Andreasen, 2003; Daalhuizen & Cash,

2021).

The article presented inChapter 4 (Article 1) defines andoperationalises design mindset Building on this,
Article Il Chapter 5) investigating the development ofdesign mindsetthrough method usageand the influence
of the personality traits in doing so

2.4.3 Cognitive Effort and Efficiency

As a cognitive activity, method usage in desigmvolvesinformation processing, decision-making, problem-
solving, and reflection in response to the evolving design situation&ross, 2001; Dorst, 2011; Finke et al.,

1992; Hay et al., 2017)As outlined in Section2.3.2, method usagecan require a significantamount of

cognitive processing andmental effort. However,human cognitive resources arenot infinite. Our ability to
process information is limited by he ability of working memory to maintain focus on relevant information and
relate it to information in longterm memory (Hambrick & Engle, 2003; Miller, 1956; M. S. Sanders &
McCormick, 1993; Stanovich, 20090WIN 6 Rt WG ¢ Ut Waqé ¢ qad DWa a6 YT Weheirldl &+ LWa 1z
resulting knowledge structures, directly influences how they engage with a design situationWhile experienced
designers can draw on established mental schemas and efficient strategies to manage cognitive demands and
navigate the design situation, design methods should aid them when their training falls short or the situation is
unfamiliar or particularly complex. Therefore,it is crucial to understand the impact of method usage on the

2 t 1Jtognitive loadand their cognitive efficiency. Cognitive loadrefersto the strain put on cognitive

resources when processing information and solving problemg¢Sweller, 1988; Sweller et al., 201@&hile

cognitive efficiencycovers the efficiency by whichthese resourceshavebeen utilised to achievea goal (Paas &
Van Merriénboer, 1993As a construct, cognitive load captures the effect of a wide range ofvariables, such as
task complexity and experience (see Hancock et al., 2021; Paas & Van Merriénboer, 1994; Sweller et al., 2Q19)
providing crucial information about how the method user experiences the design situation
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In atticles Il (Chapter 6) and IV(Chapter 7) design activities andmethod usageare investigated through the
lens of cognitive load, thus highlighting additional components of the phenomenon of method usagend our
understanding of the interactionbetween the method user and the methodIn framing the method user in
terms of cognitive load, we draw onresearch onhuman factors (e.g., Hancock et al., 2021; Xie & Salvendy,
2000)and Cognitive Load Theorye.g., Paas & Van Merriénboer, 1993; Sweller et al., 2019)

2.5 Research Framework

This chapter has provided the foundation for understanding design methods, method usage, and the role of the
method user within the design process. It begins by defining design methods &smalised sequences of
activities that serve as mental tools, supporting designers in navigating and interpreting complex design
situations to achieve specific goals. Drawing from design theory, the chaptemphasisesthat design methods
encapsulate procedural knowledge, guiding designers in structuring and managing design activities, and are
further shaped by their manifestation in informationartefacts, which impact their interpretation and use.

The discussion of method usage highlights it as an interactive and reflective practice wherein designers adapt
methods to suit evolving design contexts. Here, the method user is central, bridging the method's content with
contextual demands and interpreting it through the lens of personal traits, knowledge, and experience. This
adaptability of method usage aligns with the view of design as a fundamentally cognitive process, requiring
flexibility, reflection, and iterative problem-solving, often under varyimg degrees oftognitive load.

Following thistheoretical framework, this dissertation frames the method user in terms oflesign mindsetand
cognitive loadto investigate the interaction between method uses and methods. In doing so,the aimis to
illuminate the central node of Daalhuizen and Cash's (2021inodel of the interaction between the method and
the method user(see Figure2-4) to better understand the methodusers' role in method usage
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3 Research Methodology

In this chapter, the research approach adopted to address the overarching research question of this

dissertation and the specific methodologies employed in each study to answer the corresponding research

sub-questions are outlined. The chapter begins with an overview of the underlying philosophical assumptions

guiding this work, followed by a positioning of the dissertation and each included article within the framework

of theory-building and theorytesting paradigms. Lastly, the methodological choices for each studyare

presented, detailing the data collection and methodsof analysis. Finally, | discuss how these methodological
HE6YRHIDI WAYG GO NAWUqWUIEHEWYq6 Il WqYWt e GGYl qllgdé JWieRt + 1J1 q¢ q
phenomenon of method usage in design.

3.1 Philosophy of Science

While most of thearticles included in this dissertation take a quantitative approach, this does not reflect an
overall positivistic theory of science. Ratherit reflects a pragmatist approach,recognisingthe relevance and
importance of quantitative approaches in design research and theory development.

At its core, pragmatism holds that the worldcan only be known through actionnot passive observation.In this
perspective, knowledge is developed through the process of inquiry, where uncertainty and inconsistencies
are resolved through deliberate investigation{Dewey, 1938) Inquiry isthe general foundation for coming to
know or understand somethingand consists ofa cycle of problem identification, hypothesis generation,
experimentation, and reflection (Dewey, 1938; Dixon, 2020)As such, ey span the continuum from common
knowledge to scientific research, withthe difference primarilylying in thefocus of the inquiry and theformality
of the method of inquiry(Dixon, 2020) Inquiry is ongoing and seHcorrective, with each step feeding back into
the next, enabling researchers to refine their theories based on their utility and outcomes. The aim is to reach
fwarranted assertionsy understandings of the world thatlet us navigate within itor can inform further inquiry
(Dewey, 1938; Dixon, 2020)As such, for pragmatists,firuthkis derived from thebenefits it provides for a
AYGGe URq! Kk ¥BidrEmanrk 2pE8FmBkingtheories provisional, and their validity determined by how
well they serve the engagement with the world at any given momerithis contrasts with more positivist views,
where theories are often seen as aiming to describe objective truths.

From the pragmatist perspective, theway we engage with the world and structure information can be seen as
instruments of inquiry (Dalsgaard, 2017; Dewey, 1910Q)lso meaning that the research methods used and the
conceptual frameworks developed throughout this dissertation can be seen as instruments of inquiry. They
function as boundary objects through which the world can be explored and understood. They framieet
research, emphasisingsome facets not necessarily apparent otherwise and obscuring others, thus changing
the perception and understanding of the phenomenon under investigation and the context of research,
potentially transforming it and how we interactwith it (see Dalsgaard, 2017)This approach to research
underscores the importance of methodological pluralism, where the selection of methods is driven by the
research question rather than an adherence to a single epistemological stance.

In line with the pragmatist concept ofknowing-through-action, there is an aspect of exploratory research
throughout the dissertation. Knowingthrough-action is the construction and generation of new knowledge
through action (Dalsgaard, 2017) It reflects that truth, according to pragmatism, is not something passively
observed or discovered but something actively constructed through experience. It aligns with the idea of
experienced-based learning, covered in more detail in Chaptes, where learning happens as reflections on
experiences areconceptualised and evaluated through experiments applying the new knowledge in practice
(D. A. Kolb, 2015)As studies are designed, conducted, anénalysed, new insight into the research methods
and theoretical frameworks is gained, informing the process, decisions, and interpretation of the results. In
this view, research is continuous and contextbound, leading to flexible, evolving theories that adapt as
circumstances change. By building on the existing research to form conceptual frameworks and then test
hypotheses based on these, this dissertation aims to offer a more comprehensive understanding of the
phenomena of method usage, bridging the gap between theories and contributing to a more nuanced and
robust body of knowledge in the field of design.
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3.2 Theory-Building

Currently, research into design methods is fragmented. There is little explanatory theory and even less
predictive theories of methods and their performancgDaalhuizen & Cash, 2021)Much of thedescriptive
insights generatedare not beingtranslated into formal models and frameworks nortested or refined (Cash,
2020). To remedy this breakdown in the theorpuilding process, this dissertation takes a theorybuilding
approach. Theorybuilding represents a build-up of scientific knowledge throughcycles of exploration, theory
development, systematisation, empirical scrutiny, and refinement(Cash, 2018) Its core aim is to explain the
how, when (or where), and why ofa phenomenon, identifying, defining, and describing the domain,the key
variables, and their conceptual relationships to make predictions (Cash, 2018; Wacker, 1998, 2008)

Cash (2018)outlines the theory-building processas consistingof the following stages:

1 Discovery and description

1 Definition of variables and limitation of doman
1 Relationship building

1 Prediction, testing, and validation

1 Extension and refinement

Due to the underexplored nature of the phenomenon of method usage in desigrhis dissertation primarily
operates in thefirst stages oftheory-building. It focuses on the description of the phenomenon, the definition

of variables, and the establishment of relationships, with a few ventures intoprediction, testing, and validation.
Both inquiries of this dissertation shift between the exploration of existing knowledge relevant to method usage
in design,operationalisation, and conceptual modelling and the initial empirical scrutiny, thus resampling
theory-building (see Cash, 2018; Wacker, 1998)

While limited empirical discovery is presented, a significant portion othis dissertation is spent describing the
phenomenon of method usage and its core components. To do sd utilises existing research and literature
both from within design and relevant fields like cognitive science and psycholog®s such, much of the work
done in theDiscovery anddescription stage generally falls within whatWacker (1998)efer to asanalytical
conceptual research.

The conceptual work of describing the phenomenoffacilitates the identification and definition of the core
components of the phenomenon. In line with the underlying pragmatisatpproach, this process is generally
exploratory, with definitions and modek functioning as boundary objects forsupporting the inquiries.

Inquiry | (Chaptes 4 and 5) and Article IMChapter 7) of Inquiry Il all aims to establish relationshipsArticle |,
between design mindsetand the personality traitsambiguity tolerance, self-efficacy, and sensation-seeking
Article 1, Between method usage and the development oflesign mindset, and between this development and
the personality traits; Article I\, Between the type of design method, cognitive load, and design performance.
Article 1l and Article IV take this further by also testing hypotheses based on the predicted relationship between
variables, e.g, showing that method usage positiely influences design mindset. The discussion continues the
relationship building, utilising the included research to propose relationships betweerdesign mindset,
cognitive loadand design performance,as well aspredictions to be tested in future research.Together, the
work presented in this dssertation contributes to the description, definition, identification, and preliminary
testing of core components of the phenomenon of method usage and what can be considered emerging
aspects of a theory of method usage in design.

3.3 Research Methods and Theory-Building

Different research methods contribute differently to each step of the theorybuilding process, which should
ideally include both qualitative and quantitative, as well as analytical and empirical approachefCash, 2018;
Wacker, 1998) Considering the vast amount of qualitative research within the field of design research and the
aim of theory-building to establish relationships to make predictions about method usage, thempirical
research presented in this dissertation generally takes guantitative approach, utilising statistical analysis.

NS IWIIGGRI RAcCGUW qal RIJF Wedt YW UndWHQWG!I ¢NAGEqRE Gkt WY2WII ¢

phenomenon to build knowledge and understand ifsee Dixon, 2020)
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The mental processes of method usage are challenging to research since it is not directly observable, and the
many factors influencing the processing are closely interrelatedWallace, 2011) Operationalisingthe core
components of the phenomenon of method usage aguantifiable constructs enables us to use statistical
analysis to expand on the qualitatively described relationships between variables and identify patterns that
might otherwise not be observable. The quantification of the central construct also allows u® make and test
predictions. As such, this approach supports theorybuilding by translating complex, qualitative constructs of
method usagey such asdesign mindsetand cognitive loady into empirical data, facilitating deeper insights

and generalisableconclusions that help advance the theorybuilding process. Statistical analysis also has the
added benefit of allowing for greater objectivity and replicability, which is crucial within ghenomenon
influenced by so manyinterrelated factors as method usage in design.

The methodological approaches ofnquiry | generally fitwithin what Wacker (1998)efers to as empirical
statistical research. Following the process forinventory development laid out byAbell et al. (2009) the
development of the Design Mindset InventoryD-Mindset0.1) in Article |, utilises factor analysis, paired t-tests,
and reliability testing todevelop andvalidate the inventory, alongside regression analysijdo statistically
examine relationships betweendesign mindsetand specific personality traits. Exploratory factor analysis is
central to identifying distinct dimensions of the construct under development.The ttest and the regression
analysesplay a crucial role in establishing construct vaity by showing how the construct ofdesign mindsetis
related to existing constructsand alignswith designtraining. Reliability testing ensures that the construct is
measured reliably and consistently.

Like Article |, Article Il utilises t-tests and regression analysigo statistically examine the influence ofdifferent
variables on the development ofdesign mindset The study presented imArticle 1l isquasi-experimental,
therefore also inhabiting elements ofempirical experimental research(see Wacker, 1998) For example,in this
study, an independent ttest is employedto test whether a significant change occurred fom the pre-to the
post-intervention measures, testing the overall hypothesis thatdesign mindsetis influenced by method usage
Similarly, the use ofregression analy®s is less exploratory in naturebut rather utilised to test the assumed
positive relationshipsto the independent variables

From a theorybuilding perspective, theaim of empirical statistical research is to establish empirical support
for the theoretical relationships (Wacker, 1998) However, in this case, the two articles of Inquiry lalso
contribute to the general development and conceptual understanding oflesign mindset

The data collection for bothArticles | and Ilwas done using survey (AppendixAand Appendix B). Article |
utilises the pre-intervention questionnaire of the pre-post-intervention study presented in Article IBs its
foundation for developing andvalidating the Design Mindset InventoryD-Mindset0.1), which in turnwas the
foundation for the statistical analysis in Article 1l In addition to D-Mindset0.1, the questionnaire was built
around the three wellestablished inventories of the General SeltEfficacy Scale (GSESSchwarzer and
Jerusalem, 1995) the Tolerance for Ambiguity Scale (TASlerman et al., 2010) and the Brief Sensation
Seeking Scale (BSS$oyle et al., 2002) All theseinventories useLikert scales as their means of measuing
the underlying construct. Compared to, e.g., yes/no questions, using Likerscales ensures richer data, thus
helping to ensurethe sensitivity and reliability of inventores (Abell et al., 2009)

Article Ill falls within analytical conceptual research (see Wacker, 1998) It uses an unstructured literature
review and conceptualmodelling to explore cognitive load as a lens for understanding desigmehaviour
without empirical testing. This study contributes to the definition and relationshipbuilding stagesof theory-
building, developing a theoretical framework to explain howeognitive loadinfluences method usage and
designactivities. In doing so, Article Il draws on existing theory arognitive loadto expand and modify it to use
in relation to design and method usageThe conceptual model presented in thisarticle lays the foundationfor
the empirical testing of Article IV, aligned withthe process oftheory-building (Cash, 2018; Wacker, 1998)

Article IVprimarily falls within empirical experimental research(see Wacker, 1998)It presents a pilot study of
an independent, single-anonymized, single-factor, three-level experiment, utilising the experimental control
and statistical analysisin the form of ANC§ é to tletHrmine the effect of using different types of design
methods (independent variable)on the cognitive efficiency @ependent variable) ofthe method user.Once
again, the data was collected using a surveywith the main component being theNASATLX(Hart, 2006; Hart &
Staveland, 1988; NASA & Human Performance Research Group, n.d.heNASATLXis by far the most used
17
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subjective measure ofcognitive load (Hancock et al., 2021) In terms of theorybuilding, the goal ofempirical
experimental researchis to provide empirical support for the conceptual framing and evidence for its
predictive power. However, & a pilot study,the article also aimsto contribute to the understanding of the
study design and theimplications of the underlying theoretical framing of thestudy.



Article I: Measuring Design Mindset

4 Article I: Measuring Design Mindset
Measuring Design Mindset: Developing the Design Mindset Inventory
through its relationship with ambiguity tolerance, self-efficacy, and

sensation-seeking
Jakob Clemen Lavrsen, ClaugChristian Carbon, and Jaap Daalhuizen

Abstract:

Designers rely on many methods and strategies to create innovative designs. However, design research of
overlooks the personality and attitudinal factors influencing method utility and effectiveness. This pape
defines and operationalises the construct design mindset and introduces the Design Mindset Inventory {C
Mindset0.1), allowing us to measure and leverage statistical analyses to advance our understanding of its rc
RUKT 3t RNUIONSIIIORU21UqY I | bt 02 caiiaRs$ing aj larg@ csahiplEOof BrigiReerihd
students (N=473). Using factor analysis, we identified four underlying factors of Design Mindset related to t
theoretical concepts: Conversation with the Situation, lIteration, CeEvolution of ProblemSolution, and

Imagination. The latter part of the paper finds statistical and theoretically meaningful relationships betwee
Design Mindset and the three desigmelated constructs of sensationseeking, selfefficacy, and ambiguity
tolerance. Ambiguity tolerance and séf-efficacy emerge as positively correlated with Design Mindset
Sensationseeking, which is only significantly correlated with subconstructs of Design Mindset, is bot
negatively and positively correlated. These relationships lend validity to the overatbnstruct of Design

Mindset and, by drawing on previously established relationships between the three personality traits ar
specific behaviours, facilitate further investigations of what its subconstructs capture.

Keywords: Design mindset, Psychometrics, Psychology, Personality trait, Se#fficacy, Ambiguity
tolerance, Sensation-seeking.
DOI: 10.1017/ds|.2024.36

4.1 Introduction
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particularly regarding how personality and attitude influence design activities. One of the exceptions is

Daalhuizenet al. (2014), who show that differences in mindset influence the experience of using design

methods. A strong alignment of mindset and methods itheorised to correlate with productive method use and

design practice (Daalhuizen, 2014)the effective implementation of design methodology(Andreasen, 2003;

Andreasen et al., 2015)and design practices more generallfyWynn & Clarkson, 2024)

As the design landscape continues to evolve, and people with more diverse backgrounds and experiences are
employing design methodologies in interdisciplinary collaborations and across more and more domains, the
significance of understanding how mindset infuences actions in the design process becomes even more
pronounced. To ensure the successful and effective use of design methodologies, we need to understand how
these differences in mindset influence both the use of design methods and collaboration in theéesign

process. To this end, this article introduces theDesign Mindset InventoryD-Mindset0.1)?, which represents a
foundational step inunravelling the interplay between designers and the design context by enabling the
measuring ofdesign mindset

The contribution of this work is twofold. Firstly, basedo® | Rt G YUT W¢ UT Winférmed Desighsl = MN = b
Teaching & Learning Matrpxwhich structures core designbehavioursand strategies, and the broader design
theory (e.g., Ball and Christensen, 2019; Cross, 1990, 2001; Dorst and Cross, 2001; Lawson and Dorst, 2009;
Schon, 1983; Wynn and Clarkson, 2024)dentifying values and beliefs guiding design practices, we develop

and offer initial validation of theDesign Mindset InventoryD-Mindset0.1). The inventory is a crucial step

towards quantifying the core concept ofdesign mindset, allowing us, for the first time, to measure and assess

it directly. Such an instrument has substantial value for design research, practice, and education. For example,

3SA preliminaryversion of this paper and the Design Mindset Inventorip{Mindset0) was published and presented athe International
Conference of Engineering Desigim 2023 (ICED23}see Lavrseret al., 2023) This paper expands on the conference paper, including all
new analyses and evaluations of the inventory, resulting in the updated naminB-Mindset0.1) to distinguish the two versions but also to
indicate their close relationship. Additionally, we extend our analysis of the fousubconstructs identified in the inventory. Nevertheless,
we still consider this version a preliminary inventory needing further development and more empirical data and testing.
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design pedagogies affect the development ofiesign mindset Understanding how differences irdesign

mindset influence design practice can furthermore inform tailored strategies that leverage individual strengths

and mitigate potential challenges in both design education and practice. Secondly, irelating design mindset

to the personality traits ofsensation-seeking, self-efficacy, and ambiguity tolerance, we deepen our

understanding ofdesign mindsetand place our research in relation to the broader research into these

personality traits, thus contributing to both design and psychology research.

4.2 Background

Generally, mindsets can be construed as the sum of the cognitive activities conducive to successful task
performance (Gollwitzer, 2012) They constitute the beliefs and attitudes determining how situations are
interpreted and understood (Gupta & Govindarajan, 2002; Nelson & Stolterman, 2012nd, as reflected in the
myriads of different mindsets that exist, they often define themselves in reference to a specific attitude or
approach, be it cultural or professional(A. Buchanan, 2024)

4.2.1 Design Mindset

Building on the above description of mindset and the concept of method mindset, connecting mindset and

mindset as the beliefs and attitudes determining the interpretation and understanding of design situations and

the choice of appropriate design activities. As suchgdesign mindsetgoes beyond the mechanistic execution of

prescribed methods, delving into how designers interpret, react to, and interact with the world, the design

challenges they encounter, and the design methodology used to guide the activighndreasen et al., 2015)It
DORYOGGet t Ut W6 WWARBGREINE AW qaqRaeal It aWwe U7 WHY Boihg R2 JWT Rt G
approach and creative expressiorn(Andreasen et al., 2015; Daalhuizen, 2014; Lawson, 2005; Wynn & Clarkson,

2024). In other words,design mindsetis the mindset that aligns with effective design practices.

4.2.2 Measuring Design Mindset

2018). However, these instruments often lack a clear definition of mindset and, as a result, include overlapping
constructs at different conceptual levels and varying relevance for design practice.

4.2.2.1 Components of Design Mindset
Often, the concept of adesign mindsethas been structured around components like creative thinking, human
centredness, prototyping, visualisation, collaboration, optimism, self-efficacy, curiosity, risk-taking, ambiguity

practices, they do so on different levels and often in overlapping ways, making it hard to define, structure, or
distinguish between them. For exampleSchweitzer et al. (2016fonnect empathy with human-centredness,
collaboration, and, more broadly, including different perspectives in the design process, thus hinting at a

in their own right, suggesting that design (thinking) mindset is not one construct but multiple. This is also
reflected by several of these components being welestablished constructs outside design esearch with their
own measurement scalesy e.g., empathy, optimism, selfefficacy, and ambiguity tolerance. While not
necessarily measuring these constructs in a desigrspecific context (Chesson, 2017) it indicates these are not
individual that uses all of these capabilities in their approach to problem solvingp. 57) it reducesdesign
mindset to generic characteristics potentially unrelated to design practices, skills, and expertise. For example,
being empathic or tolerant of ambiguity does not necessarily make one a good designer. It is conceivable that
somebody could embody all of these attibutes while only showing limited design capabilities or knowledge.
They might have potential as designers, but merely embodying these capabilities does not translate into design
expertise. Furthermore, this elevates componentsike human-centredness and collaborations to a defining
aspect of being a designer, despite both being contexdependent and far from appropriate in all design
situations. In the case of humancentredness, we even see a transition towards, for example, plat-centred
design, including a significantly broader perspective of what is central in the design process, indicating that
human-centredness is not an indisputable element of designing but perhaps more a guiding principle that
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H6cUNUt WRUWI Wt GYUt WY Waqé Wl 3t RNUWI kt W2¢cteldt WeUT Wa 6 13LWt
constructs in a measure ofdesign mindsetlimits our ability to explore and understand how they relate to and
influence attitudes toward core design practices and strategies.

4.2.2.2 Mindset and behaviours

In a similar vein, most of the existing instruments for measurindesign mindsettend to extrapolate mindset
based on seltassessment of designrelated behavioursrather than the underlying beliefs and attitudes at the
inventories are about how people act/react in certain situations and do not directly represent the values and
beliefs guiding thebehaviour or assessment of appropriateness in the situation.

il YRUNDb We UT Weé nn I3Hq R &(pJ Gie thei dasdrifdidhtof b esign tienkithlanthdset seven
suggesting it is impossible to separate them. However, conflating mindsets andehavioursis problematic
since different mindsets might prompt similarbehavioursin certain situations, making it hard to identify the
underlying values. While mindset informshehaviours, assessing mindset based on specifikbehavioural
responses runs the risk of missing the underlying values guiding these responses.

Consequently, when measuringdesign mindset, the instrument should not aim at capturing specific
behavioural patterns but rather the underlying values driving these. By capturing the underlying values and
attitudes related to design practice, such an instrument can potentially facilitate the investigation of specific
designbehavioursas they relate todesign mindset

4.2.3 Differentiation Between the Design Mindset and Personality Traits

By distinguishing between desigrspecific values and attitudes, i.e.,design mindset, and the more general
constructs, characteristics, and behavioursoften associated with design, we aim to develop a measurement
instrument capturing only essential values related to design practice. The approach allows us to start
understanding these core values and attitudes separate from related and overlapping consitts.

In this article, we specificallyutilise the three constructs: sensation-seeking, self-efficacy, and ambiguity
tolerance, to further our understanding ofdesign mindsetand its subconstructs. Going forward, we refer to
these three constructs aspersonality traits to distinguish betweendesign mindsetand these more generic
constructs and to indicate that they are generally considered more stable than we considelesign mindsetto
be.

The three personality traits are all welkestablished within the psychology literature and have been associated

with such designrelated characteristics as openness to new experiences, confidence in influencing the world

around them, and a preference for omplexity (Bandura, 1997; Dosi et al., 2018; Mahmoud et al., 2020;

Zuckerman, 1979) Though distinct, these constructs share underlying threads that interweave their influences
5sRq6RUWS W 3t RDNUWG!T YR+ owWN6 3! WHYUql RA2 qJWq Y We W 13+ RNU
their willingness to explore unconventional solutiors, attention to detail, collaboration with others, and

capacity to manage the emotional highs and lows of the creative journey.

In the development of theDesign Mindset InventoryD-Mindset0.1), we use the established relationships
between the three personality traits and design and/or creativity to strengthen the argument for overall
construct validity. Furthermore, investigating the relationship between the three personality traits and the
subconstructs of D-Mindset0.1 helps us make sense of the latter.

4.2.3.1 Self-Efficacy

Self-efficacy is not ageneralisedtrait but rather a contextt GIJHRNn RALWEt + It + GO0 qWYnwyY UK+ LW
context of design,self-efficacy has been linked to the more domairspecific constructs of Creative confidence

within design thinking(see Jobst et al., 2012; Kelley & Kelley, 201&)d the more generalCreative selfefficacy

(see Beghetto, 2020)

The construct ofself-efficacy was introduced byBandura (1977)c UT Wl I n I + WY We UWRUT R2RT 2 ¢
ability to successfully perform specific tasks, achieve goals, and overcome challenges in various domains of

life. As such,self-efficacy influences how people interpret situations and their motivation for engaging in them.

Bandura (1977, 19975¥tates that self-efficacy plays a crucial role in shapingoehaviourd LLRU n G2 WURRUNDWGIY
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choices, the effort they invest, and their persistence in the face of obstacles. He goes as far as to say thatc U LLI

2 Ut 6¢t ¢ HTIIW 1 Ukgp.1230Nsmeldliréd noRp &t sevele i creativeendeavourswhere progress is slow,

outcomes uncertain, and innovative solutions might be devalued if they challenge existing norms and values

(Bandura, 1997)0Wf UWY q 6 131 Ws Y I T isef-Hificaty danXslgnificantly Lhpadt2hidiagpyoactlto

these challenges. People with higltself-efficacy are likelier to exhibit proactivebehaviours, set ambitious

goals, invest effort, and persist in the face of setbackgBandura, 1997)0W1 WHW G RN WRUWY UK t WHE G¢
uncertainty and surmount obstacles fosters a willingness to engage with ambiguity, explore new design

strategies, experiment with unconventional ideas, and adapt to evolving requirements of working iteratively on

solving complex problems.

4.2.3.2 Ambiguity tolerance

Tolerance for ambiguity ig8 q 6 I Waq W UT JUH! WaqVY WGl HIJR2 IJ WcekBEIRAD 4962 p. LWt Raz ¢ q
29), whereambiguous situationsrefer to situations fwhich cannot be adequately structured or categorized by
the individual because of the lack of sufficient cue€(Budner, 1962, p. 30) Most design problems are wicked
problems with no clear solutions and multiple stakeholders; thus, most design situations resemble ambiguous
situations (Mahmoud et al., 2020) Therefore, dealing with ambiguity is also closely related to design practice.
Cross (1990, p. 130)dentified: fjto] tolerate uncertainty, [and] working with incomplete informatiorkas a
significant aspect of what designers dg an observation that has been repeated plenty of times sincéDosi et
al., 2018; Hassi & Laakso, 2011; Lawson & Dorst, 2009; Mahmoud et al., 2028milarly, reflection in action, a
core concept of professional practice and central to our understanding of designing, is a response to the
vague, uncertain, and ambiguous problems of practic§See Schon, 2017)Furthermore,Cash and Kreye (2017)

activities.

Ambiguity tolerancelets designers embrace uncertainty, stay open to alternatives, and defer judgment
(Mahmoud et al., 2020)Herman et al. (2010)even state that highambiguity tolerance might facilitate the
unfreezing ofmental models by letting people engage more intensely with a situation, pushing new learning
and, thus, potentially new framing of a situationIn this way,ambiguity toleranceis also related to divergent
thinking and the exploration of the design problem and solution.

On the other hand, low tolerance for ambiguity is associated with Bendency to view ambiguous situations
rigidly in black or whita((Rosen et al., 2014, p. 62)ejection and avoidance of such situations, and emotional
reactions such as uneasiness, discomfort, dislike, anger, and anxietfRosen et al., 2014)This is associated

with a fixed mindset that potentially can lock designers in their way of designing and using methods, even if the
context requires other approaches. Furthermore, a low tolerance for ambiguity could result in an overreliance
on convergent thinking, reducing opportunity space and limiting the potential for creative problerframing and
finding innovative solutions. In other words, the aversion to ambiguity might lead satisficing and reliance on

the first adequate solution that comes tomind rather than a more creative or optimal onéBandura, 1997;
Runco, 2014; Simon, 1996)

4.2.3.3 Sensation-seeking

Sensation-seekingis a wellestablished psychological construct dating back to the 1960s. It is the inclination
to seek diverse, novel, complex, and intense sensory and experiential stimuli, often involving a willingness to
undertake physical, social, legal, and financiakisks to attain such experiencegZuckerman, 1979, 1994)
Sensation-seekinghas a deeprooted and wellestablished connection to risk-taking (Hoyle et al., 2002;
Zuckerman, 1979, 1994)People scoring high irsensation-seekingare likelier to engage in risk{pehaviours
(Zuckerman & Aluja, 2015)they tend to underestimate the risk associated with theibehavioursand are more
likely to repeat them(Hoyle et al., 2002)

Risk-taking, not fearing failure or the willingness to fail in order to learn, is crucial for creativiffiennessey &
Amabile, 2010) There is always an element of risk associated with any creatiemdeavour (Runco, 2014)
Creativity, by definition, requires noveltyHennessey & Amabile, 2010; Weisberg, 2009Regardless of the level
of novelty, creating something new is creating something untested. It forces designers into uncharted territory
where repeated failures and boundarypushing are commonplace before finding an appropriate solution. In
line with this, a correlation betweensensation-seekingand ambiguity tolerancehas been observed
(Zuckerman, 1979) Similar to bothself-efficacy and ambiguity tolerance, a high level osensation-seeking
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GUeT+ W ¥t RNUDI T WgYWIFGHVY!I DWagdJWUWs we UT we Ut OYs UWOWERUL ¢ q
towards openness to new experiences and perspectivef-ranken, 2002; Hoyle et al., 2002)Their willingness

to take risks enables themto go against norms and challenge the status qu@Zuckerman & Aluja, 2015)This

inclination toward novelty and the uncharted complementsdivergent thinking which involves breaking away

from conventional thought patterns to produce a multitude of unique ideas. The correlation between
sensation-seekingand both openness and divergent thinking has been empirically supporte@icCrae, 1987;

Zuckerman, 1979)and suggests that high sensation seekers are more inclined to find creative solutions to

problems.

4.3 Method

Torealise the goals of this article, we first develop an inventory to measurdesign mindsetby operationalising
conceptualisationsn | Y& W+ Rt qRUNWI 3t RNDUWaq6 Yl RIJt Licbehgweoarsmhign Y1 G 13T LW
process includes constructing items that capture the values and beliefs underlying suchehaviouralttraits (see

refined the items through testing and expert feedback, assessing their reliability, validity, and alignment with

established theoretical frameworks.

We conducted exploratory factor analysegWatkins, 2018)to reveal the factorial structure of theDesign
Mindset Inventory, revealing four underlying factors (see Sectiod.5). Drawing on design theory, we then
recontextualise the items and name the four subconstructs oD-Mindset0.1 (see Section0).

Equipped with the initial inventory, we then explore the relationships betweedesign mindsetand the three
personality traits: ambiguity tolerance, self-efficacy, and sensation-seeking(see Section4.7). These three
personality traits have all been connected to creativity andbehaviourscentral to design and can, as such,
provide further evidence for the overall construct validity and support for our framing of the subconstructs. We
use stepwise multiple linear regression analyses to explore the relationship and uncover the extent to whi
design mindsetis associated with these personality traits.

To assess the validity oD-Mindset0.1, an independent samplet-test was conducted to establish its sensitivity

to measure differences in the averagelesign mindsetbetween two subgroups of the sample with known

differences in levels of design education (see Sectiod.8.1b O~ H?2 YUc¢ 0T kt WG 1INE Wb~ b Ws ¢t WF
determine the internal consistency ofD-Mindset0.1 and its underlying factors (see Sectiort.8.2).

A more detailed description of how the methods are used follows in the subsequent sections describing each
FqeNDUWRUWq6 WWRU2WJUqY! !kt W W20 YGaWUqWG!H YHIJE T HOW

4.3.1 Data Collection

All data were collected through a 66item questionnaire (seeAppendixA), which was administered as part of
the course Innovation in Engineering at the Technical University of Denmark (DTU) employing the software
SoSci Survey(see Leiner, 2019) The students were required to fill in the questionnaire as part of the course but
had the option not to have their data used for the study.

The questionnaire consisted of four main parts, defined by the items making up the inventories for measuring

design mindset, self-efficacy, ambiguity tolerance, and sensation-seeking. Besides theDesign Mindset

Inventory (D-Mindset0.1) introduced in this article, weutilised the General SelfEfficacy Scale (GSES

Schwarzer & Jerusalem, 1995})he Tolerance for Ambiguity Scale (TASlerman et al., 2010) and the Brief

Sensation Seeking Scale (BSS8loyle et al., 20020 measure each construct, respectively. To fit the format of

Q6 NWYqd6 3l WRU2WUqY!I RIJt WEUT WRUHAI ¢t W6 1JWhe-pbintjday-0 U ¢ R 1JK 1
point Likert scale. In addition to the four inventories, the questionnaire included &ms related to consenting to

participate, demographic information, and experience.

4.3.2 Participants

i Wl UEI 2RqUT W6 WWGe !l qRARGecUqt WnY!l W6 R W qal ! WeaYUNWPYZ
Innovation in Engineering at the Technical University of Denmark (DTU). Out of the 586 students in the course,

473 completed the questionnaire (respnse rate: 87%). Of the sample, 298 (63%) individuals identified as

male, while 171 (36%) identified as female. Additionally, 2 participants (< 1%) chose the categdoyherk and 2

participants did not provide an answer. The age range was P4l years, wih an average age of 24.5 yearSD=
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2.4), and the cohort encompassed a diverse range of educational backgrounds, spanning over 30 distinct
engineeringspecialisations (SeeAppendix C). While being a sample of convenience, based on the diversity of
disciplinary specialisations, varying levels of practical experienceM = 4.3 months,Md = 0,SD= 10.9), and
exposure todesign and innovation theory 1 = 1.7 courses,Md = 1,SD= 2.43), we consider the sample to be
representative of engineering students.

4.3.3 Data Processing
Before conducting the analyses, the data was cleaned. Twenty entries without data or with only demographic
data were removed before the analyses. All analyses were done using JASRSP Team, 2023)

within normality. The only exception is the scores for the subconstruct aonversation with the Situation
However, considering the large sample size, we assess the analyses to be robust enough to handle this
deviation.

4.4 Operationalising Design Mindset
At the core of operationalgation is the inference of unobservable phenomena from observations and theory
(Abell et al., 2009) As the only directly observable aspect oflesign mindset, the observedbehaviours of
designers are a great starting point for inferring design values and beliefs. Therefore, we build@ismond and
I ¢ 0t k UnfoEMddNDEsign Teaching & Learning Matrig operationalise design mindset It provides a
structured overview of designbehaviours. Furthermore, by distinguishing between naive ango-called
ARUNY! G T AT IRH Ry W e A0k Wimaltrig RighligHisuhe tiffeé®nce in the underlying values of
the behavioural patterns between the two levels of expertise.

4.4.1 Generating Inventory Items

Crismond and Adams (20123efine nine design strategies representing corbehavioural patterns displayed by
designers (seeFigure4-1). Based on these design strategies and contrastingehavioural patterns, the first
author generated a list of proteitems formulated as statements related to attitudes toward the strategies and
associated behaviours. To avoid conflating mindset andehaviour, we opted for a format of agreemento-
value statements rather thanbehavioural self-assessments in formulating the items for theDesign Mindset
Inventory. Combined with using a universal fpoint Likert scaley ranging fromstrongly disagree(= 1) tostrongly
agree(= 7y as response format, this allows us to measure how much the respondent values the strategies
presented in each item. Using the Likert scale also helps improve the sensitivity and reliabyliof the inventory
(Abell et al., 2009)

24



Article I: Measuring Design Mindset

Item

3. To improve the future, you should not try to solve

Build today’s problems but imagine a new future. 4, lmagination

knowledge 4. You should spend more time building the solution (divergent thinking)
than understanding the question. {reversed)

5. Tt is more important to spend time generating many ideas
than it is to reline a few.

Generate
ideas 6. As soon as you have a good idea, you should move from 1. Conversation
idea gencration to idea refinement. (reversed) with the situation
7. Representing ideas in non-verbal ways, e.g., using diagrams, sketches,
Represent prototypes, and dramatization, is essential in understanding a problem.
ideas 8. Sharing ideas with others throughout the process makes them better.

9. Tt is important o look at a solution [rom diflerent stakcholder
Weigh options perspectives.
and - - - 2. Iteration
Q] 10. Once you have a good idea, you should not waste time figuring
make decisions ST . =
out how it might fail. (reversed)

11. A lailed experiment can be as imporlant as a successlul one.
Conduct
experiments 12 Spending time testing continuously is more important than

testing the end result.

13, Even late in the process, you should pivot and rethink a solution
if learning something important.

Revise or
iterate 14. If done right, you should not have to revisit past stages
of the innovations process. (reversed)
15. Following a process is more important than adapting to
Reflect the circumstances. (reversed)
ON process 16. Methods are more a guideline than rules you must follow.

FIGURE 4-1: EVOLUTION OF THE DESIGN MINDSET INVENTORY

4.4.2 Refinement of Inventory Items

The protoitems evolved through an iterative process of feedback and refinement. The second and third
authors acted as experts, providing feedback on the protitems regarding relevance, fit to the design
strategies, the broader design theory, readabilityand concept clarity.

As we converged on an acceptable list of protitems, two for each design strategy except Troubleshooty
were selected to keep the inventory short for ease of use. We excludddoubleshootdue to an overlap with
other strategies, its more general nature (nofdesign specific), and little mention of it as a separate design

relation to the strategies identified byCrismond and Adams (2012)

The selected items were then evaluated by teaching assistants for the course, reflecting the target population
and prompting new iterations of refinement.Figure4-1 contains the resulting list of items.

4.5 Finetuning the Inventory
We conducted an exploratory factor analysis to validate and explore the factors underlyii@rMindset0.1 as

finetune the inventory further to increase its reliability.

A Bartlett test(Bartlett, 1954)revealed a significant chisquare value f < 0.001), indicating the factorability of
the inventory (Watkins, 2018) This was supported by the KaiseMeyer-Olkin (KMO; Kaiser, 1974jneasure of
sampling adequacy (MSA = 0.751), which is above the desired threshold of QWatkins, 2018) These
statistical indicators affirm the suitability of conducting an exploratory factor analysis concerning the present

dataset.
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We employed explorative factor analysis with an oblique rotation using the Promax criterion, which allows
factors to be correlated to reveal the factorial structure underlying théesign Mindset Inventorysee Table
4-1). To ascertain the optimal number of factors to include in the inventory, we applied a factor analydimsed
parallel analysis, comparing the observed eigenvalues from the factor analysis to those generated from
random datasets. A factor loading of 0.4 wa set as a threshold for including items into factors in the model.

TABLE 4-1: EXPLORATORY FACTOR ANALYSIS WITH ITEMS ASSIGNED TO DIFFERENT FACTORS AND ORDERED WITH DECREASING FACTOR
LOADS

Item Factor Factor Factor Factor Uniqueness
1 2 3 4

15 F_ollowmg a process is more important than adapting to the 0687 0526
circumstances. (reversed)

06 As soon as you have a good idea, yahould move from
. : . : 0.559 0.719
idea generation to idea refinement. (reversed)

10 ang you have a gopd |de§, you should not waste time 0521 0688
figuring out how it might fail. (reversed)

14 If dqne rlgh.t, you should not have toevisit past stages of 0470 0717
the innovation process. (reversed)

08 Sharing ideas with others throughout the process makes 0.945 0315
them better.

09 It is important to Iook_at a solution from different 0.493 0566
stakeholder perspectives.

04 You should_spend more _tlme building the solution than 0.450 0777
understanding the question. (reversed)

01 It is important to challenge the problem statement before 0.426 0773
trying to solve theproblem.

05 Itis more |mpqrtant to spend time generating many ideas 0515 0727
than it is to refine a few.
YIRY, o o v, P ’ | Vv,

03 NYWRGGI Y2ZU W6 WWneaael IALW! Ye 0487 0788

problems but imagine a new future.

07 Representing ideas in norverbal ways, e.g., using
diagrams, sketches, prototypes, and dramatization, is 0.681
essential in understanding a problem.

11 A failed experiment can be as important as a successful

0.789
one.
12 Spending time testing continuously is more important than
. 0.865
testing the end result.
13 Even late in the process, you should pivot and rethink a 0689

solution if learning something important.
16 Methods are more a guideline than rules you must follow. 0.907
Note. The applied rotation method is Promax.

Initial analysis revealed a negative correlation between Item 2 and the rest of the items in the inventdsge
Lavrsenet al., 2023) We believe the negative correlation is due to a suboptimal formulation of the item,
resulting in participants agreeing thatideally, the problem should be fully understood before trying to solve it
rather than the intended sentiment: that wicked problems by their very nature only can be fully understood in
relation to and by exploring potential solutions. Even though problems ideallshould be fully understood
before solving them is attempted, this is rarely a viable option for design problems and, thdoee, aligns poorly
with a design mindset Consequently, to secure a coherent representation of the construct and the internal
consistency of the inventory, Item 2 has been excluded from the factor analysis.

The explorative factor analysis shows the items to load into four factors (sde€igure4-1), accounting for a
cumulative proportion of 29.8% of the total variance. Factor 1 explained 9.2% of the variance, Factor 2 9.1%,
Factor 3 6.2%, and Factor 4 5.3%. The cumulative proportion of variance tells us the extent to which the
identified factors explain the variability in the data. InTable4-1, the factor loadings are ordered according to
factor size. Factor load tells us how strongly the items are related to the factor. The closer to 1-tr the closer
the connection. Uniquenessindicates the variance of the item not accounted for by the factors. The higher the
Uniqueness, the less overlap there is with other items and factors.
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The factor analysis also shows that Items 7, 11, 12, 13, and 16 had insufficient loadings to be included in any of
the factors and can, therefore, also be excluded from the inventory, leaving us with ten itemsiiMindsetO.1.

4.6 Interpreting the Four Factors

The factor analysis revealed an underlying structure of four factors and combined inventory items significantly
different from the groupings basedor® | Rt G YUT W¢ UT Wmalkrig (SeeKigired=1M Buiding on the
theoretical underpinnings and our intentions with each item, we named the subconstruct dD-Mindset0.1 by
identifying design theories with the potential to explain these new combinations of items. In the following
sections, we describe our interpretations and the theoretical underpinnings of each construgt Iteration,
Conversation with the Situation, CeEvolution of ProblemSolution, and Imaginationwiarguing for the naming of
each.

4.6.1 Factor 1: Iteration

Factor 1 combines items from the strategiesGenerate ldeas Weigh Options and Make DecisionsRevise or
Iterate, and Reflect on Process(see Figure4-1). Implicit in all four items is an element of attitude toward the
process: should you follow procedures and move on, or continuously iterate and revisit earlier stages? These
items have a common denominator: the importance of iteration throughout the desigprocess to address
wicked problems. To be effective, designers continuously reflect on their processes and methods, adapting to
their circumstances. There are learning opportunities throughout the design process. Working iteratively,
revisiting earlier stges, and revising earlier decisions is how designers implement learning. Overall, we
interpret this cluster of items as allowing feedback loops at both the idea and process levels, serving the-co
evolutionary nature of designingsee Dorst and Cross, 2001)and have, therefore, named itteration.

4.6.2 Factor 2: Conversation with the Situation

Factor 2 consists of items from the strategyRepresent Ideasand one fromWeigh Options and Make Decisions
(seeFigure4-1). These items have a common denominator: they are about sharing ideas with the purpose of
viewing them from different perspectives. We interpret this in relation to the concept d€onversation with the
Situation (Schon, 1983) In this view, design is a situated phenomenofDaalhuizen, 2014; Schon, 1983; Simon,
1996)in which the externalisation of ideas plays a central rolgCross, 2001; Dove et al., 2018; Schon, 1983)
Moving ideas into the physical world means that the designer and others can interact with them; it makes
assumptions explicit and facilitates communication. In interacting with the world, these manifestations reveal
their intended and unintended consequances from a multitude of (stakeholder) perspectives, thus providing
the designer feedback for evaluating their actions and understanding of the conteg®chon, 1983) Together,
these re-combined items (see Figure4-1) indicate a willingness to engage with the situation by actively sharing
YUNKkt WYs OWRT et WwWeUT WRUZ2RqRUNWY @613+ kK WRT ¢t Wwe UT W2RUs GYR
members and stakeholders in a dialogue.

4.6.3 Factor 3: Co-Evolution of Problem-Solution

Factor 3 consists of Items 1 and 4 of th®esign Mindset Inventoryand combines items from the strategies
Understand the Challengeand Build Knowledge(see Figure4-1). Both items are related to the problem space
and its relation to the solution. We, therefore, interpret this factor as an expression @o-Evolution of Problem
Solution, which underlies the process of framing and reframingDorst & Cross, 2001) The caevolution of the
problem and solution space is central to design practicgCrilly, 2021; Dorst & Cross, 2001)Letting the
understanding of the problem caevolve with the solution enables the designer to suspend the decision on a
solution (Crismond & Adams, 2012)learning through experimentation, reducing assumptions, and refining the
understanding of the problem and what constitutes an appropriate solutior{see Dorst, 2015; Dorst and Cross,
2001).

4.6.4 Factor 4: Imagination
Factor 4 combines Item 3 from the strategie8uild Knowledgeand Item 5 fromGenerate Ideas(see Figure4-1).
Imaginationis one possible framing,encapsulating both hypothetical thinking (Item 3) and generating ideas
(Item 5).Brainstormingwas, for example, originally framed as applied imaginatiofOsborn, 1963) Further,
imagination highlights the creativity involved in hypothetical thinking. To go beyond the apparent or existing and
into the realm of innovation, we need to be able to imagine new realities. Central to this is the transition from
the concrete to the abstract, an abilty related to associative thinking, which is central to stimulating idea
generation. However, hypothetical thinking theory tells us that the cognitive process of evaluating hypothetical
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possibilities is not optimised to find the best but rather a satisfactory path forwardEvans et al., 2005)Cash et

al. (2019)relate this cognitive bias towardsatisficing to fixation and getting stuck with one often local analogy,

GRUT I RUNWRGENRUcqRYUWeUT W R2I NWUqWad8RUt RUNIOWNGS IIWHY G A
to apply imagination productively.

4.7 Assessing D-Mindset0.1 and its Subconstructs

We conducted five stepwise multiple linear regression analyses to help us validatiesign mindsetas a
construct and understand the nature of its subconstruct. Stepwise regression analyses identify what
combination of the independent variables best predicts outcomes in the dependent variable and generate
models showing how the variables are related. \& used forward selection, with the entry criterigp < 0.05 and
removal criteriap > 0.1. As the construct under investigationdesign mindsetand its subconstructs functioned
as dependent variables.Ambiguity tolerance self-efficacy, and sensation-seekingwere chosen as the
independent variables. As weHestablished constructs within psychology connected to creativity, design, or
both, investigating their relationships withdesign mindsetsheds light on the construct and provides a more
robust theoretical basis for assessing the nature of the subconstructs. The relationships are presented visually
in Figure4-2. There were no significant multicollinearity issues among the independent variables in any of the
models (VIF < 10), and the analysis is therefore omitted from the results below. The descriptive statistics for
the three independent and the five dependenvariables are presented inTable4-2.

Self‘efﬁcacy 6=0.114,p <.001 > De g dse
0“0 18
& &) ,®
\\Q‘{P 95.7‘0“ o
q:o\\ 2 %40}
R Iteration
(F1)
2001
6:0.566'p
Amblgl-“ty 8=0.130, p = 0.024 Conversation w.
tolerance . situation (F2)
“0'*)19,.0 ~
o
Co-evolution of
S problem-solution
Q
(F3)
o
Sensation - .
. e ‘| Imagination (F4)
seeking
FIGURE 4-2: RELATIONSHIP BETWEEN INDEPENDENT AND DEPENDENT VARIABLES
TABLE 4-2: DESCRIPTIVE STATISTICS
N N (missing) M SD
Self-efficacy 473 0 5.18 0.7
Sensation-seeking 473 0 4.35 1.2
Ambiguity tolerance 473 0 4.46 0.6
Design mindset 473 0 441 0.5
Iteration (F1) 473 0 4.75 1.0
Conversation with the Situation (F2) 473 0 6.03 0.8
Co-Evolution of Problem Solution (F3) 473 0 4.97 1.0
Imagination (F4) 473 0 3.74 11
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4.7.1 Design Mindset

The first of the five regression analyses explores the relationship between the three personality traits and the
overall construct of design mindset(see Table4-3, Table4-4, and Table4-5). Based on the established
relationships between the three personality traits and design practice, or creativity more generally, we
expected to find a positive correlation between the overall construct oflesign mindsetand the three
personality traits.

The final model resulting from the stepwise regression analysis includeself-efficacy and ambiguity tolerance
(seeTable4-5). The model is statistically significant (2, 470) = 26.5p < .001; seeTable4-4). TheR-squared
value indicates that the included independent variables in Model 3 can explain 10.1% of the variabilityDA
Mindset0.1 scores (seeTable4-3). Bothambiguity tolerance (b = 0.198,p < .001) andself-efficacy (b = 0.114,p
<.001) had a significant positive correlation wittD-Mindset0.1 (see Table4-5), in line with our predictions. The
coefficients (b) tell us that each time scores inambiguity tolerance or self-efficacy increase by 1,D-
Mindset0.1-scores increase by 0.198 or 0.114, respectively. These results indicate that the values and beliefs
of design mindset to some degree, align with these more general personality traits and, thus, lend credence to
the construct validity.

However, we also see thasensation-seekingis not included in the final regression model despite its
association with divergent thinking and risktaking. Not being included shows thatsensation-seekingdoes not
add significant predictive power to the model and, thusdesign mindsetas a whole. This might reflect the less
direct relationship between sensation-seekingand design mindset, relying on a shared connection to risk
taking and curiosity. That is, however, not to say thaensation-seekingis insignificant in understandingdesign
mindset, as we shall see in the following sections.

TABLE 4-3: MODEL SUMMARY - DESIGN MINDSET

Model R R2 Adjusted R? RMSE R2 Change F Change dfi df2 p

1 0.000 0.530 0.000 0 472

2 0.282 0.079 0.077 0.509 0.079 40.600 1 471 <.001
3 0.318 0.101 0.097 0.503 0.022 11411 1 470 <.001

TABLE 4-4: ANOVA - DESIGN MINDSET

Model Sum of Squares df Mean Square F p

2 Regression 105 1 10.5 40.6 <.001
Residual 122.0 471 0.3
Total 1325 472

3 Regression 13.4 2 6.7 26.5 <.001
Residual 119.1 470 0.3
Total 1325 472

Note. The intercept model is omitted, as no meaningful information can be shown.

TABLE 4-5: COEFFICIENTS - DESIGN MINDSET

95% ClI
Model Unstan(cz)e)trdlsed SE Stand{gr)dlsed t D Lower Upper
1 (Intercept) 4407  0.024 180.916 <.001  4.359 4.455
2 (Intercept) 3.369 0.165 20.462 <.001 3.045 3.69
Ambiguity 0.233  0.037 0.282 6372 <.001 0161 031
tolerance
3 (Intercept) 2.936 0.207 14.168 <.001 2.529 3.34
Ambiguity 0198  0.038 0239 5253 <.001 0124 027
tolerance
Self-efficacy 0.114 0.034 0.154 3.378 <.001 0.048 0.18

Note. The following covariate was considered but not included: Sensatioseeking.
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4.7.2 Factor 1: Iteration

Having initially framed and named the four subconstructs ob-Mindset0.1is not to say we understand them
and what they truly capture.Analysingthe relationship betweendesign mindsetand the three personality
traits, we hope to identify patterns that can enlighten the nature of these subconstructs and, as such, support
further development of the inventory and theorybuilding.

The regression analysis of the relationship between the subconstruct Factor 1 and the three personality traits

resulted in a significant regression modelR(2, 470) = 17.3p < .001; seeTable4-7). Ambiguity tolerancewas

GYt RqR2 10! Wet t+ YRRE qUT Ws R aq 60466 2 RA1esecTiablastly, irticatingithdty U g 6 R
students with higherambiguity tolerancescores tended to agree more with the items valuing iterative

behaviours. Sensation-seekingalso influences this factor significantly; however, its relationship is negativeb(=

€ MIONR T0FLLseeTable4-8), indicating that high scores irsensation-seekingclash with Factor 1. These

results make theoretical sense in relation to our framing of Factor 1 as capturing something in relation to

Iteration.

Ambiguity seems to be a prerequisite for working iteratively. The need for working iterative is, to some extent, a
recognition of the ambiguity of a situation. The tendency to view the world in black and white, which

characterises people scoring low inambiguity tolerance (Rosen et al., 2014)indicates either an unawareness

YI WeHqR2WVWRNUYI ¢cURVDWY nWq6 JWGYqUWUqR¢cOWeaHRN2Rq! WY™nLWe W R
ambiguity allows people to stay in the divergent phase for longer, allowing more information and ideas to come

into play. The willingness to keep options open and accept and adapt to changes in the process liksaiets

people backtrack the process to explore different opportunities more irdepth. Unsurprisingly, these traits

translate into a positive attitude toward working iteratively.

The negative correlation betweersensation-seekingand Factor 1 might be due to a general aversion toward
repeating activities, as that might be perceived as boring. Sensation seekers wardriety and change(Franken,
2002), which aligns poorly with the perceived repetitiveness of iteration and might explain why they do not wish
to repeat or even linger in one stage of the design process.

Another way to interpret the negative correlation betweesensation-seekingand Factor 1 is concerning risk
taking. A preference for working iteratively could be seen as an expression of limiting risk. Working iterative
helps integrate learning into the problemsolving process, thus reducing the uncertainty and the risk of
committing to a solution. In other words, people scoring high osensation-seekingmight be likelier to take the
chance on a wild, unsupported, and untested idea. On the other hand, peoglscoring lower might instead

utilise iterations to generate a more substantiated and validated idea before progressing in the design process.

This perspective could also indicate an interesting relationship betweeambiguity toleranceand sensation-
seekingin relation to working iteratively.Ambiguity tolerancemight influence whether a situation is interpreted
as threatening(Rosen et al., 2014and thus the risk associated with engaging with it. If this is the case,
individuals with highambiguity tolerance might perceive a situation as less risky, meaning that even if they are
relatively low scoring insensation-seeking, they might deem working iteratively unnecessary, thus
strengthening the negative effect o6ensation-seekingon working iteratively. In other wordsambiguity
tolerance and sensation-seekingmight moderate the impact of one another on Factor 1. While outside the
scope of this atticle, this relationship could be worth investigating further.

The relationship betweensensation-seeking, ambiguity tolerance, and design mindsetpoints towards the
diverse and sometimes conflictingbehaviours associated with design in the design literature, where both
working iteratively and taking risks are praise@Carlson et al., 2020; Grocott et al., 2019)

This regression model explained 6.8% of the variance in scores ltération in D-Mindset0.1 (see Table 4-6).

TABLE 4-6: MODEL SUMMARY FOR FACTOR 1: ITERATION

Model R R2 Adjusted R? RMSE Rz Change F Change dfl  df2 p

1 0.000 1.004 0.000 0 472

2 0.204 0.042 0.040 0.984 0.042 20415 1 471 <.001
3 0.261 0.068 0.064 0.971 0.027 13533 1 470 <.001

30



Article I: Measuring Design Mindset

TABLE 4-7: ANOVA - ITERATION

Model Sum of Squares df Mean Square F p

2 Regression 19.9 1 19.8 20.4 <.001
Residual 456.0 471 1.0
Total 475.8 472

3 Regression 325 2 16.3 17.3 <.001
Residual 443.2 470 0.9
Total 475.8 472

Note. The intercept model is omitted, as no meaningful information can be shown.

TABLE 4-8: COEFFICIENTS - ITERATION

95% CI

Model Unstan((lj;;rdlsed SE Standrgr)dlsed ¢ o Lower Upper
1 (Intercept) 4.748 0.046 102.852 <.001 4.66 4.84
2 (Intercept) 3.324 0.318 10.443 <.001 2.70 3.95

Ambiguity tolerance 0.319 0.071 0.204 4518 <.001 0.18 0.458
3 (Intercept) 3.353 0.314 10.670 <.001 2.75 3.97

Ambiguity tolerance 0.466 0.080 0.297 5.800 <.001 0.31 0.62

Sensation-seeking -0.157 0.043 -0.189 -3.679 <.001 -0.24 -0.07

Note. The following covariate was considered but not included: Sekfficacy.

4.7.3 Factor 2: Conversation with the Situation
The regression analysis foConversation with the Situation(see Table4-9, Table4-10, and Table4-11) shows

that the regression model is significantlf(2, 470) = 24.5p < .001).Self-efficacy significantly affected this factor
(b=0.294,p < .001), suggesting that individuals with higheself-efficacy are likelier to value the attitudes
associated with Factor 2. We also seambiguity tolerance positively related to this factor p = 0.130,p = 0.024)
even though it is not as influential aself-efficacy.

Seeingself-efficacy highlighted by the results fits with our initial framing of Factor 2 as being related to

Conversation with the Situation Higherself-efficacy scores may reflect a greater willingness to share ideas
SROQ6WYq6 11+ Wet WewaWet el JWYnwWeRYUnNRT DUAVDWRUWYUWKY WEHRIRq
tend to put a lot of themselves into their ideas, and a rejection of an idea can feel likerejection of oneself. It

I DGRt WYUWe W W3t RNUWI k+ WHRYUNRT WURVWRUWq6 WRI We ARG Raq! WaVY L
even having good ideas in the first place. Conversely, those with lowself-efficacy may be more hesitant to

engage in such conversations, doubting their ability to contribute meaningfully or fearing potential criticism;

q6 Rt WRY Wt GUAR¢OG! W WNaW2¢UqWRNWRT D¢t Wel YWYeqt RT JWa6 1WA
qé6 Wl Wt RNUWGI Y A & abiitiedlio dvHrcdrieR halte tigBsthtid\cdimhikinicate ideas might thus be

necessary to engage with the situation, indicating that those scoring high self-efficacy are likelier to invest

effort and persevere in the cumbersome processes of building shared wierstanding (see Bandura, 1977,

1997).

Concerningambiguity tolerance, it likely plays a similar role as in relation to Factor Lonversation with the
Situation requires an acceptance of the inherent uncertainty and ambiguity that accompanies design
processes. Individuals who are tolerant of ambiguity are more likely to be comfortable entertaining other
perspectives and ideas(Herman et al., 2010; Mahmoud et al., 2020 Conversation with the Situationcan be

seen as a means to navigate and make sense of this ambiguity, as it invites diverse perspectives that can shed
light on previously unnoticed aspects of the design space. Wherself-efficacy likely acts as a catalyst for
investing effort in conversations with the situationambiguity tolerancelikely lets individuals thrive in

exchanging insights and ideas.

This model accounted for 9.4% of the variance in scores in Factor 2 BfMindset0.1 (see Table4-9).
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TABLE 4-9: MODEL SUMMARY - FACTOR 2: CONVERSATION WITH THE SITUATION

Model R R2 Adjusted R2 RMSE R2 Change F Change dfl df2 p
1 0.000 0.803 0.000 0 472
2 0.291 0.084 0.083 0.769 0.084 43456 1 471 <.001
3 0.307 0.094 0.091 0.766 0.010 5153 1 470 0.024
TABLE 4-10: ANOVA - CONVERSATION WITH THE SITUATION
Model Sum of Squares df Mean Square F p
2 Regression 25.7 1 25.7 43.5 <.001
Residual 278.6 471 0.6
Total 304.3 472
3 Regression 28.7 2 14.4 24.5 <.001
Residual 275.6 470 0.6
Total 304.3 472
Note. The intercept model is omitted, as no meaningful information can be shown.
TABLE 4-11: COEFFICIENTS - CONVERSATION WITH THE SITUATION
95% Cl
Model Unstan(c;l)e)trdl sed SE Standﬂgr)dlsed ¢ o Lower  Upper
1 (Intercept) 6.031 0.037 163.347 <.001 5.96 6.10
2 (Intercept) 4.340 0.259 16.769 <.001 3.83 4.85
Self-efficacy 0.326  0.049 0.291 6.592 <.001 0.23 0.42
3 (Intercept) 3.928 0.315 12.461 <.001 3.31 4.55
Self-efficacy 0.294 0.051 0.262 5.732 <.001 0.19 0.40
Ambiguity 0.130 0.057 0.104 2.270 0024 002 024
tolerance

Note. The following covariate was considered but not included: Sensatioseeking.

4.7.4 Factor 3: Co-Evolution of Problem-Solution

In the case of Factor 3, the regression analysis yielded a significant regression mode(4, 470) = 8.7p < .001;
see Table4-13), again showing a positive correlation witambiguity tolerance (b = 0.212,p = 0.004) andself-
efficacy (b = 0.136,p = 0.039; seeTable4-14). This model accounted for 3.6% of the variance in Factor 3 bf
Mindset0.1 scores (seeTable4-12).

As encapsulated inD-Mindset0.1, Co-Evolution of ProblemSolution is primarily about challenging the problem
statement and spending time in the problem space. We related this more generally to framing and reframing
problems (Dorst, 2015; Dorst & Cross, 2001and suspending final decisions about the solutionCrismond &
Adams, 2012) As such, our initial framing of Factor 3 would have suggestalat ambiguity toleranceshould
have been the more influential of the two included personality traits. Being comfortable with ambiguous
situations likely translates into a positive attitude towards dwelling in the problem space despite feeling no
closer to finding a solution to the problem. Again,self-efficacy seems to provide the necessary confidence,
persistence, and effort to do so. As such, this regression analysis sheds limited light omointerpretation of
this subconstruct.

TABLE 4-12: MODEL SUMMARY - FACTOR 3: Co-EVOLUTION OF PROBLEM-SOLUTION

Model R R2 Adjusted R? RMSE Rz Change F Change dfi df2 p

1 0.000 0.996 0.000 0 472

2 0.164 0.027 0.025 0.983 0.027 13.001 1 471 <.001
3 0.189 0.036 0.032 0.980 0.009 4304 1 470 0.039
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TABLE 4-13: ANOVA - Co-EVOLUTION OF PROBLEM-SOLUTION

Model Sum of Squares df Mean Square F p

2 Regression 12.6 1 12.6 13.0 <.001
Residual 455.5 471 1.0
Total 468.1 472

3 Regression 16.7 2 8.4 8.7 <.001
Residual 451.4 470 1.0
Total 468.1 472

Note. The intercept model is omitted, as no meaningful information can be shown.

TABLE 4-14: COEFFICIENTS - CO-EVOLUTION OF PROBLEM-SOLUTION

95% Cl
Model Unstang)a)lrdlsed SE Stand{(ir)dlsed i o Lower Upper
1 (Intercept) 4970  0.046 108550 <.001 4.880 5.060
2 (Intercept) 3.835  0.318 12.053 <.001 3210 4.460
Ambiguity 0.255  0.071 0.164 3.606 <.001 0.116 0.393
tolerance
3 (Intercept) 3.317  0.403 8222 <.001 2524 4.110
Ambiguity 0212  0.073 0.137 2.901 0.004 0.069 0.356
tolerance
Self-efficacy 0.136  0.066 0.098 2.075 0.039 0.007 0.265

Note. The following covariate was considered but not included: Sensatioseeking.

4.7.5 Factor 4: Imagination

The analysis of Factor 4 also resulted in a significant regression mod&(2, 470) = 18.4p < .001; seeTable
4-16). Here,sensation-seekingis the only variable with a significant relationshipl{= 0.182,p < .001; seeTable
4-17). This relationship seems to align somewhat with our initial framing of Factor 4.

While the nature of the relationship is inconclusivdMcDaniel et al., 2001) sensation-seekinghas previously
been related toimagination. Zuckerman (1994)oncludes that sensation seekers are less prone to fantasies
due to their tendency to active lives. However-ranken and Rowlangs (1990)research indicates that sensation
seekers have a rich and varied fantasy life. SimilarlcDaniel et al. (2001)conclude that daydreaming is a
form of stimulation correlating with sensation-seeking From this perspective, sensation seekers seem well
adapted to hypothetical thinking and likelier to engage in thought experiments and ideas outside the norm,
aligning with Factor 4 oD-Mindset0.1.

Furthermore, sensation-seekinghas previously been observed to correlate with divergent thinkingMcCrae,
1987; Zuckerman, 1979)which fits our framing in relation todivergent thinking. However, based on the
connection with divergent thinking, we would also have expectedmbiguity toleranceto positively correlate
with Factor 4.

This model explained 3.8% of the variance in Factor 4 of@indset0.1 scores (seeTable4-15).

TABLE 4-15: MODEL SUMMARY - FACTOR 4: IMAGINATION

Model R R2 Adjusted R? RMSE Rz Change F Change dfi df2 p
1 0.000 1.133 0.000 0 472
2 0.194 0.038 0.036 1.113 0.038 18376 1 471 <.001

TABLE 4-16: ANOVA - IMAGINATION

Model Sum of Squares df Mean Square F p

2 Regression 22.8 1 22.8 184 <.001
Residual 583.3 471 1.2
Total 606.0 472

Note. The intercept model is omitted, as no meaningful information can be shown.
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TABLE 4-17: COEFFICIENTS - IMAGINATION

95% ClI
Model Unstandardised SE Standardised t p Lower Upper
1 (Intercept) 3.742 0.052 71.823 <.001 3.640 3.844
2 (Intercept) 2.950 0.192 15.393 <.001 2574 3.327
Sensation-seeking 0.182 0.042 0.194 4287 <.001 0.099 0.266

Note. The following covariates were considered but not included: Ambiguity tolerance, Sedffficacy.

4.8 Evaluating the Inventory

An essential step in developing an inventory is to evaluate(ifbell et al., 2009) This section delves into the
assessment of theD-Mindset0.1, encompassing construct validity, and reliability, to ensure that the inventory
measuresdesign mindsetas intended and does so in a reliable way.

4.8.1 Construct Validity )

With the foundation in design theory, representedb® | Rt G Y UT W¢ UT Wnforrmedl DesigheT 2Eakhing &

Learning Matri ¢ UT Waq 6 DWGYt RaR2IWn T AcHE WYUWq6 WWRaIGH k Wa6 Y
process (see Sectiord.4), we are confident that the items are relevant and capture design values and beliefs.

The fact that the items oD-Mindset0.1load to factors in a theoretically meaningful way further supports the

validity of the inventory. In other words, the items included ilD-Mindset0.1 appear to capture core tenants of

design mindset

Supporting this, the Design and Innovation students with more design education had higherMindset0.1

scores than students from other programs with less design training. The average score across the ten included

items for Design and Innovation studentsr{= 15;M = 4.9) and the rest of the samplen(=458; M = 4.4) was

significantly different, t(471) =0 0T ® A LIS ¥ 6995} k.DOII the groups meeting the assumption of
GYGYNUWUWRaq! WYnW2el Re UH I LER LIKOMP bapOllipHYsés JRIEIdTdignide2at)daige t LWa 1Jt q LL
effect (d > 0.8), according toCohen (2013) These results indicate that our inventory, at the very least, is

sensitive to designspecific properties as intended.

Lastly, the correlation betweenD-Mindset0.1in its entirety andambiguity tolerance and self-efficacy found in
the regression analysis lends further confidence in the inventory capturing desigrelevant properties. That
being said, the regression analyses of the subconstructs indicate that more research is needed to understand
what they precisely capture.

4.8.2 Reliability

To ensure that the items in the inventory measure the same underlyimgnstruct reliably and consistently, we
HelHrHaOecqUl W~H2YU0cal k+ WSAWNecWnY! WagsWWIUqRI WWRU21UqVYI ! We
indicates the extent to which the items are interrelated and measures the same.

For the entireDesign Mindset Inventor@d W~ #? YU ¢ G T k t WE§ G 1IN ¢ WwOGA]LFRIiNgLEd@BIFka ® P E L9
generally accepted threshold for acceptable scales (>0.70(Nunnally, 1978) this indicates that the reliability of

the inventory should be improved. HoweverNunnally (1978)emphasised that the interpretation of reliability
HYUnnRARUDUqt W 6 Ye ol WARYUL RT Ul WAYq6 Waq6 JWUcaqel WY ™nWaé6 LW 1]
purpose and application. Considering the complex and multifaceted nature oflesign mindsetand that this

study is in the early stage of development of the inventory, a lower reliability coefficient is acceptable

(Nunnally, 1978)f UG RNS6 qWYn a6 Rt AWlc W~H#?2YUC Gl k1 tpsratichalicatiby ‘andlM HOP = IR !
exploration of design mindset

TaBLE 4-18: McDONALD'S OMEGA

Factor ~H?2YUCOT kt WSAIINE W™k
1 Iteration 0.65 [CI95% 0.58..0.71]
2 Conversation with the Situation 0.65 [C195% 0.54..0.74]
3 Co-Evolution of ProblemSolution 0.23[C195% 0.06..0.38]
4 Imagination 0.39 [CI95% 0.26..0.50]
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Analysingthe factors separately (seeTable4-18), we see Factors 1 and 2 have a higher internal consistency

than the overall inventory, indicating a stronger coherence within these subsets of items. The internal

consistency of Factors 3 and 4 is more problematic, suggesting that further refinement ispecially needed to

enhance the reliability of these subconstructs. However, it is worth noting thafie | IJd R¢ ARG Raq! WRt WE WHE
of the test scores, not of the test itselk(Streiner, 2003, p. 101and depends on the sample as well as the

quality of the items. Further item analysis is required to determine whether the low consistency results from

the sub-optimal design of the inventory or the complexity of the underlying phenomenon design mindset

4.9 Discussion

The aim of this article was to develop and validate an inventory for measuridgsign mindsetby
operationalising existing theories on design strategies anldehavioursand placing it in relation to core design
theories and associated personality traits.

TheDesign Mindset Inventoryconstitutes a significant step towards assessinglesign mindsetand
investigating its relationship to other aspects of design practices. Despite the relatively low reliability of the
inventory (see sectiond.8.2), it serves as a valuable tool for initial exploration and identification of key
dimensions within the construct of design mindset By defining and quantifying the construct, we have been
able to identify four underlying structures ofdesign mindset, providing us with a new perspective on existing
theory.

The transition from9 | Rt G YUT We UT UWstratepiés tathd sodr Kabtas-0fD-Mindset0.1 (see Figure4-1),
where none of the original item pairs loaded into the same factor, highlights the interconnectedness of design
behavioursand mindset. It shows the importance of distinguishing between mindset antehavioursto
understand their relationship. Analysingthe items of each factor revealed an alignment with desighehaviours
on a higher level of abstraction, connecting to highevel design theories as outlined in Sectio®. As could be
expected, values or beliefs, as represented by the items @-Mindset0.1, do not only inform or align with single
design strategies orbehavioursbut seem to cut across several.

In contrast to existing instruments for measuringlesign mindset, we narrowly focused on attitudes and beliefs
related to design practice to directly evaluate mindset. In this way, th®-Mindset0.1 has allowed us to
investigate the relationship betweendesign mindsetand key personality traits in isolation. Rather than
including designrelated personality traits directly in theDesign Mindset Inventorywe have shown thaself-
efficacy, sensation-seeking, and ambiguity toleranceare not uniformly correlatedwith all factors of design
mindset but rather relate to specific components.

Unsurprisingly, ambiguity tolerance and self-efficacy emerge as significant in several of the regression models
for the underlying factors ofD-Mindset0.1. Even though the items oD-Mindset0.1 are not explicitly about
ambiguity toleranceor self-efficacy, both traits are crucial in the design process and are often ascribed to
designers. We seeambiguity toleranceand self-efficacy together in the models for Factors 2Gonversation

with the Situation) and 3 Co-Evolution of ProblemSolution), while ambiguity toleranceis also significantly
related to Factor 1 (teration).

Based on the generally strong relationship betweeambiguity toleranceand design mindset, it is perhaps more
surprising that we do not see significant relationships across all factors dD-Mindset0.1. This is especially so
when constructs have a shared connection to a concept, as in the case ambiguity toleranceand
Imagination, both connected to divergent thinking. Not finding a significant correlation betweeambiguity
tolerance and Imaginationindicates the complex nature of the constructs and our linted understanding of
them and their relationships. Whileambiguity tolerance might intuitively be related tolmaginationthrough their
shared connection to divergent thinking, it is worth remembering thaD-Mindset0.1 measures values and
beliefs, not actual performance or practice.lmaginationis likely to capture something different than
performance measures of divergent thinking and, consequently, not reflect the same relationship mmbiguity
tolerance. This highlights that our understanding oflesign mindset would benefit from connecting D-
Mindset0.1-scores to performance both generally and on design tasks related directly to our framing of the
subconstructs.
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Unlike the other two personality traits,sensation-seekingwas found to have no significant correlations wittD-
Mindset0.1in its entirety. We have indicated that this might be due to the less direct connection to design
based on the shared relationship with riskiaking. As we also see in our interpretations of the relationships to
the subconstructs, we mainly build these on the core tenets bsensation-seekingrather than its connection to
risk-taking. Sensation-seekingk t LU &déreictmprial relationship with the subconstructs Iteration and Imagination
highlights that different elements ofdesign mindsetare reinforced by different personality traits and values,
indicating that individuals might struggle more with certain aspects of designing while others come more
naturally. Understanding these dynamics has implications for how design educators and praitioners
approach the development ofdesign mindset Ultimately, by examining the interconnectedness oflesign
mindset and other traits, we can advance our coprehension of the multifaceted nature of design cognition
and behaviour, fostering more informed interventions and strategies within design education and practice,
tailoring design methodologies to address individual shortcomings and optinse creative problemsolving
within the design domain.

4.9.1 Limitations and Future Research

It is vital to acknowledge that no inventory can completely capture a complex construct likeesign mindset As
a result of our narrow framing oflesign mindsetin direct relation to design practices, excluding more general
components, we recognse that the D-Mindset0.1 does not capture all aspects relevant tadesign mindset For
example, Crismond and Adams (2012acknowledge that their matrix does not cover the role of social
interactions in designing, and we further excluded the strategyroubleshootin constructing the inventory (see
Section4.4.2). The relatively low cumulative proportion of the total variance explained by the factors (see
Section 4.5) also suggests that additional aspects oflesign mindsetmight yet be uncovered Furthermore, the
high uniquenessscores of some of the excluded items (se@able4-1) indicate that they might capture
something relevant todesign mindseteven though they did not load into any factors, suggesting a focus for
further inventory development.

Similarly, our choice to only include two items foreach0® | Rt G Y UT W¢ U1 Uktrategiés meddsvieMN = b
might have missed nuances of the core construct, adding to the risk of construct underrepresentaticisee

Abell et al., 2009) which reduces the precision of exploratory factor analysis and the quality of the identified
factors (Watkins, 2018) Besides, the low reliability indicates that the items oD-Mindset0.1 might not

consistently measure the underlying construct. Consequently, the results may include measurement errors

and affect the precision of our findings. Future research should explore ways to improve the reliability Df
Mindset0.1to enhance its accuracy.

The low number of items in each factor also means that the theoretical underpinnings of the four factors Df
Mindset0.1 are subject to relatively high uncertainty. Deriving the theoretical underpinnings of a factor based
only on a few items runs the risk of drawing false conclusions. This is especially true in cases like Factor 4
(Imagination), where the existing design theory connecting attitudes towards future thinking and generating
many ideas is limited. Generally, it is worth noting thafust becaus a factor is named does not mean that the
hypothetical construct is understood or even correctly labeled(Kline, 2016, p. 300)Investigating the
relationships betweendesign mindsetand self-efficacy, sensation-seeking, and ambiguity toleranceis thus
only the first step toward understanding what is, at this point, essentially statistical abstractions. Furthermore,
our exploratory approach to the regression analyses of the subconstructs comes with the risk of confirmation
bias, post hoc rationdisation, and overinterpreting the results. Consequently, the current labels and the
theoretical underpinnings of the four factors shouldbe seen as hypotheses that still need to be tested. They
are, like the inventory itself, preliminary and require further research to establish the validity of our framing.

In other words, there is room for further exploration and expansion of the-Mindset0.1. The statistical
investigation of the subconstructs indicates that more research is needed before we can be sure what they
exactly capture. The relatively low variance explained by each regression model indicates that we still have
much to learn about therelationships betweendesign mindsetand what informs it. Researching the
relationship between design Mindsetand variables, such as experiences, educational backgrours or
situational factors, is likely to enhance our understanding oflesign mindset.
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design-related properties related to design training within this population, as evidenced by thietest, further
research is needed to establish if it does so across design domains and disciplines. Other design domains
might centre around other design practices and thus not share the same values and beliefs. Furthermore, a
central hypothesis is thatdesign mindsetcorrelates with performance; this is not necessarily true outside the

performance on domain-specific design tasks to establish the generatiability and applicability of the Design
Mindset Inventoryacross design domains.

Despite its shortcomings, theD-Mindset0.1takes a significant step towardsoperationalising the construct of
design mindset In quantifyingthe construct, the inventory opens up for statistical analysis and testing of
hypotheses necessary for driving theory building within design research.

4.10 Conclusion

This article hasoperationalised the construct of design mindsetand developed theDesign Mindset Inventory
(D-Mindset0.1), allowing us to measuredesign mindset Theoperationalisation revealed four underlying
factors of D-Mindset0.1y Iteration, Conversation with the Situation Co-Evolution of ProblemSolution, and
Imaginationy pointing toward the fundamental values and beliefs supporting effective design practice.
Investigating how these factors relate to the personality traits adensation-seeking, self-efficacy, and
ambiguity tolerance, which previously have been connected to creativity and desigoehaviours, we see that
the different factors of D-Mindset0.1 align with different personality traits, providing a more nuanced
understanding ofdesign mindset, personality, andbehavioural characteristics. The article also shows how
operationalising constructs like design mindsetcan help further our understanding of core design concepts.
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5 Article lI: Developing Design Mindset
Developing Design Mindset: How individual and contextual factors

influence the development of Design Mindset through Method Teaching
Jakob Clemen Lavrsen, ClaugChristian Carbon and Jaap Daalhuizen

Abstract:

Method Teaching is an essential approach for training novice designers to think and act like designe
Methods are commonly used in design education, yet with varying outcomes and experiences for student
There is a need to better understand how individi and contextual factors influence the effectiveness of
Method Teaching. In this quasexperimental pre-post-intervention study, we investigate how groug
composition, motivation, Design Mindset (BDMindset0.1), Selfefficacy (GSES), Ambiguity tolerance (B, and
Sensationt JIJt RUNIWWE7EEERIORUNG2 WURDIOL qe T WUqt broa ¢l URU
Method Teaching increases Design Mindset scores and that the effectiveness of Method Teaching
influenced significantly by the three personalitytraits and the level of prior Design Mindset.

Keywords: Design education; Method teaching; Design mindset; Personality traits
DOI: 10.1080/09544828.2024.2419316

5.1 Introduction
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and experiential ways of knowing and being, which are essential to the professiont{3breeve, 2015, p. 83)
Design methods can play a crucial role in facilitating this process, so much so that much design education is
often structured around the training in, usage of, and reflection on design methods, in what has been termed
Method Teaching(Daalhuizen et al., 2014)In Method Teaching students are taught, through the practical use
of design methods and reflection on the usage, to embody the behaviours and mindset associated with good
design practice (Andreasen, 2003; Daalhuizen et al., 2014; Jones, 1992; Newstetter, 1998; Shreeve, 2015)
However, due to the varying outcomes and experiences of students, several authors have questioned the
effectiveness of design methods as teaching tools for training designefgndreasen, 2003; Curry, 2014;
Daalhuizen et al., 2014; Dorst, 2008; Jensen & Andreasen, 2010)

Method Teachings a situated and highly contextual phenomenor{Curry, 2014; Daalhuizen & Hjartarson,

2022), entailing a complex interaction between method, method user, and context of us@orst, 2008;

Hjartarson & Daalhuizen, 2021)Furthermore, method use is a skill in itself, influenced by individual

differences, the context of use, and the learning situatiofAndreasen, 2003; Curry, 2014; Daalhuizen &
Hjartarson, 2022; Hjartarson & Daalhuizen, 2021 )and is not straightforward to develop. Design education, and
in particular Method Teachingg 6 2 t WU IT + Wa VY W 1JZesigh Miedsetpédsuppont thémdd qt « LU
internalising the beliefs and attitudes that align with proper design practice. However, little is known about how
different variables influence Method Teachingand the development ofDesign Mindset In other words, we

need a better understanding of the factors influencing learning and adoption design Mindsetthrough

method usage.

5.1.1 Research Question
Therefore, we ask:

How doindividual and contextual factors influence the development of Design Mindset
through Method Teaching?

Starting from this question, we investigate the influence of the individual factors ddesign Mindset motivation,
and the personality traits: Self-efficacy, Ambiguity tolerance, and Sensatiorseeking,as well as context factors
related to group composition, on the efficacy oMethod Teachingn developingDesign Mindsetin students. In
doing so, we aim to provide insight into the intricacies of developinBesign Mindsetthrough method usage and
the factors influencing the process.
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5.1.2 Hypotheses
Generally, we hypothesise thaDesign Mindsetdevelops throughMethod Teaching.Additionally, following our

research question, we have identified ten variables related to individual and contextual factors: initi@design
Mindset scores, Sensation-seeking, Selfefficacy, Ambiguity tolerance, Excited about course, Will use tools,
Gender ratio in group, Facilitator ratio in group, Avg. Design Mindset score in groapd Avg. facilitator Design
Mindset in group,which we hypothesise will positively impact the éarning outcome as represented by positive
changes inDesign Mindset The proposed relationship between the variables is illustrated iRigure5-1.

The following sections provide the theoretical foundations and the overall argument for the relevance and
inclusion of the variables.

Met hod teaching
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FIGURE 5-1 INTERACTION BETWEEN METHOD TEACHING (INTERVENTION) AND THE VARIABLES HYPOTHESISED TO INFLUENCE THE
DEVELOPMENT OF DESIGN MINDSET (DEPENDENT VARIABLE).

5.2 Understanding Method Teaching

Design methods play two central roles ilMlethod Teaching Firstly, design methods are central to structuring

the learning situation by scaffolding the project/problembased and cooperative learningRoyalty, 2018)

EDRYUT G! AW 3t RNDOWGWq6YT+ Wne UrqRYUWet WG GOe! + WYnWwi 3t R
through usage, helping students to embody ®esign Mindset(Cross, 2008)

5.2.1 Scaffolding the Learning Situation

Projects are an essential source of learning for designeftawson & Dorst, 2009) Desigh methods provide a
structure to projects and the underlying activities inMethod Teaching(Curry, 2014; Daalhuizen et al., 2014;
Hjartarson & Daalhuizen, 2021; Lawson & Dorst, 2009; Newstetter, 1998; Royalty, 2018hey help students
break down the project into specific activities by stringing methods together into a design proce¢€ross,
2008; Gericke et al., 202Q)thus structuring the learning situation, reducing uncertainty, and making projects
more manageable(Curry, 2014) Scaffolding the learning situation supports improved performance and
promotes learning (Newstetter, 1998) and enabling the students to handle a project that matches the
complexity of realworld design problems without paralysing them and stifling their learningsee Sulman,
2005).
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As is the case with any educational scaffoldingsee Savery, 2006)the aim ofMethod Teachings not to teach
the students to use the methods but rather to teach them to think and act like designers so that the scaffolding
can be removed over time.

5.2.2 Method Usage and Mindset

20t RODOWaG W@ YT+ WEe¢2PWARXUOW InRUWT Wet Wh WHOKOWN Y ¢ a Rt T W
mental tool to support designer to (learn how to) achieve a certain goal, in relation to certain circumstances

and resources availableB@alhuizen et al., 2019, p. 37)As such, design methods are carriers of procedural

knowledge (Blessing & Chakrabarti, 2009; Cantamessa, 2003; Daalhuizen & Cash, 2021)

However, method usage is not straightforward. Mindlessly following prescribed procedures does not
guarantee a good design solutiorfCurry, 2014; Daalhuizen et al., 2014Method users have to interpret and
assess the appropriateness of a method in their specific situation, taking into consideration, e.g. the overall
goal of the project, the stage in the design process, the social organisation of the project team, and othe
stakeholders in the project(Badke-Schaub et al., 2011; Daalhuizen & Hjartarson, 2022; Gericke et al., 2016;
Lavrsen et al., 2022; Newstetter, 1998)

Ideally, a design method contains all the necessary information for implementatiofDaalhuizen & Cash, 2021,
Jagtap et al., 2014)However, knowledge essential for correct implementation is often implicit or omitted in the
formalisation of methods (Jansch et al., 2005)Furthermore, methods are often removed from their original
context of use and the experiential knowledge of using thergfAndreasen, 2003; Dorst, 2008; Hjartarson &
Daalhuizen, 2021; JohanssofSkoldberg et al., 2013) Even if the method contains the necessary information,
the user has to understand it and recognise its affordance in achieving their go@lewstetter, 1998)

Consequently, the effective use of design methods requires an alignment between the method and the method
2t Ul Kkt WI+F G RIIUH IJAHIGased, 2003; Andreaddn i ldll) 20E5|DaalHilizen & Cash, 2024)
so-called method mindset (Daalhuizen et al., 2014) A method mindset includes the knowledge and
experiences required to effectively employ a method and, ultimately, preferences for one method over
alternatives (Daalhuizen et al., 2014)

While mindset influences how tasks, contexts, and methodology are interpreted and understood in relation to
one another(Andreasen et al., 2015)it is worth noting that method usage also shapes the development of
mindsets. Design methods act as mental tools, stimulating designerly thinking and behaviouf€ross, 2008;
Daalhuizen & Hjartarson, 2022)helping students to behave as professionalg§Royalty, 2018) and embody
good practice (Andreasen, 2003; Daalhuizen et al., 2014; Jones, 1992; Shreeve, 2015; Sulman, 2008)s is
reflected by the tendency of more experienced designers to rely less on formalised methods as procedural
knowledge becomes internalised and behaviours embodiedHjartarson & Daalhuizen, 2021; Lavrsen et al.,
2022; Lawson & Dorst, 2009)

Transcending method usage and delving into design practice more generally, what we have referred to as
Design Mindsetis the mindset that aligns with the beliefs, attitudes, norms, and practices of appropriate and
efficient design practice (Lavrsen et al., 2023, in press)in the context ofMethod Teaching the development of
Design Mindsetcan thus be seen as the core learning outcomesée Figure5-2).

5.2.3 Learning through Method Usage

Experiential learning theory holds that learning occurs in a cycle of experience, reflection, conceptualisation,
and experimentation(A. Y. Kolb & Kolb, 2022; D. A. Kolb, 201%) Method Teaching this learning cycle is
facilitated by using design methods, ashown inFigure5-2. Designmethods inform the concrete experience of
designing by imposing an initial structure to the design context and providing guidance on how to behave and
act in that context.
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FIGURE 5-2: METHOD TEACHING: HOW DESIGN METHODS INFORM THE EXPERIENTIAL LEARNING PROCESS.

As an exemplar of design practice, the methods also inform the reflective process necessary for translating

experiences into learning.Schon (1983)istinguishes betweenreflection-in-action and reflection-on-action.

Design methods function as a reference for reflectiorin-action in the design process and retrospectively as a

reference for reflection-on-action (Hjartarson & Daalhuizen, 2021)They provide a baseline for making sense of

the situation and design activities in relation to it. The reflective process is usually triggered by encountering

something unexpected or getting stuckA. Y. Kolb & Kolb, 2022Here, prior experiences, theoretical

tUYsaRuT nuaWe UT Waé WIS YT Kkt WGYI ql ¢! ¢caWynwl 3t RDUWGI ¢ HqR
understanding of the situation and make sense of it. New conceptualised insights can then be tested and

refined throun 6 WIJ+# G RGWUgqe qRYUAWNY! WI+¢ G GUUAWA! Wags Wet RUNWaq6 I
more promising method. If the new conceptualisation improves the understanding or control over a situation, it

can become part of how learners think and ac(D. A. Kolb, 2015)Through this process, unique approaches to

solving design problems can be developedLawson & Dorst, 2009)

5.2.4 Group Competencies and Composition
Like other forms of projectbased learning,Method Teachingrelies on cooperative learning(see Johnson et al.,

2014). Designing, as well as design learning, is a social process shaping both the learning outcomes and the

context of learning(Newstetter, 1998) In Method Teaching learning happens as the students engage with the

Gl YRGUOGAWqS I WEWq6 YT + AWe UT WIe¢HEWY q6 131 toWx 32131 ¢ PRUNLWIIE HE L
students work together to solve the problem and learn collaboratively. When the students negotatheir

understanding of the problem, what they need to do, what methods to use, and how to use them, they share

their knowledge, opinions, and perspectives, enhancing their learning opportunitie§Hjartarson & Daalhuizen,

2021; Johnson et al., 2014; Scager et al., 2016Ylore diverse groups can stimulate a more nuanced reflection

in the group, which is central to the learning process and professional practicgHjartarson & Daalhuizen, 2021;

Scager et al., 2016; Schon, 1983furthermore, more experienced students can help the group make more

appropriate use of methods and increase the chances of a positive experience using thef@aalhuizen &
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Hjartarson, 2022; Johnson et al., 2014; Lavrsen et al., 2022; E:®. Sanders & Stappers, 2008)n this study,
the groups were secured some design methods and processes expertise through student facilitators, who are
tasked with facilitating the overall teamwork and the use of the specific methods (see Sectidh3.2).

Based on the role of diversity in growjpased learning, we hypothesise that having a higher ratio of females in
the otherwise male-dominated groups Gender ratio in group will positively influence changes irDesign
Mindset. We also hypothesise that having more facilitators in a groug-@cilitator ratio in group will increase
learning by providing extra experience with and support in applying design methods. Similarly, we hypothesise
that higher Design Mindsetscores of the facilitators (Avg. facilitator Design Mindset in group and the groups
overall (Avg. Design Mindset score in grogpwill positively influence the group members learning.

5.2.5 The Student and Individual Differences

As already established, individual differences and preferences influence the experience and effectiveness of
method usage and learning and, thus, the effects dflethod Teaching In this section, we outline some of the
individual factors that might influence the learning outcomes oMethod Teaching

5.251 Motivation

EUNRNecNUGNUqUWRUWq6 WWEKe!l URUNW Rage¢cqRYUWRY W WGUWUT 30qWYUWaq
extent to which individuals engage in the learning process, persist in facing challenges, and seek learning

opportunities (Bandura, 1997; Zimmerman et al., 1992Motivation is influenced by how a situation is

interpreted, which again depends on several factors, including personality traits. Generally, there are two types

of motivation: intrinsic and extrinsic. In an educational context, intrinsically motivated stidents are motivated

by the task itself, while extrinsically motivated students are motivated by the reward or grad8cager et al.,

2016). Structural factors like group interdependence, autonomy, and the challenge of the assignment also

influence motivation (Scager et al., 2016)

Consequently, we hypothesise a positive relationship between the changes Design Mindsetand the
variables related to excitement about the courseExcited about coursé and the perceived usefulness of the
course (Will use tools).

5.2.5.2 Ambiguity Tolerance

Most design situations can be described as ambiguougMahmoud et al., 20200l G HRNea Yzt Wt Ragea ¢ qRY
cannot be adequately structured or categorised by the individual because of the lack of sufficient cugstO

(Budner, 1962, p. 30)Ambiguity tolerancedetermines whether ambiguous situations are perceived as

desirable or threatening(Budner, 1962)and how one responds to them(Furnham & Marks, 2013)Low

qYaul ¢cUPIWnY!I WEGARNaRg! WaqWUT + WgYWADWI+G! 3+ 3T WRUWE Wh WK
5 6 R@bbénLHt al., 2014, p. 62)ejection and avoidance of such situationgBudner, 1962; Furnham & Marks,

2013; Rosen et al., 2014)and emotional reactions such as uneasiness, discomfort, dislike, anger, and anxiety

(Rosen et al., 2014)On the other end of the spectrum, a high tolerance for ambiguity is associated with

creativityy even though the evidence for the connection might be weaker than theoretically or intuitively

expected (Merrotsy, 2013)

Based on the high levels of ambiguity generally associated with designifi@ash & Kreye, 2017, 2018; Cross,
1990; Lawson & Dorst, 2009; Mahmoud et al., 2020)ve hypothesise that higheambiguity tolerance will allow
the students to engage more broadly with both the ambiguities of the design context and the general learning
situation, resulting in improvedDesign Mindsetscores.

5.2.5.3 Sensation-Seeking

Like Ambiguity tolerance, Sensationseekingrelates to individual reactions to the world around them.

Sensation-seekingRt LWhH WKW In RUWJT WAH! W6 W WUt RONWYnW2e¢el RIT AWUY 2
experiences, and the willingness to take physical, social, legal, and financial risks for the sake of such

IJ+ G1J1 Raaditétrhhk, 1D94, p. 27)Risky behaviours are likelier among people scoring high 8ensation-

seeking, who tend to underestimate the risk associated with their behaviours and, therefore, are also more

likely to repeat them(Hoyle et al., 2002) They are, however, not rislseekers(Zuckerman, 1994)

Sensation seekers engage in new situations with openneg&ranken, 2002; Hoyle et al., 2002 urthermore,
high sensation seekers are prone to divergent thinkingZuckerman, 1994) which Crismond and Adams (2012)
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identified as an indicator of informed design practice andsuilford (1968)as a necessity for generating creative
ideas.

Consequently, we hypothesise that scoring higher oSensation-seekingwill lead to an improvedDesign
Mindset, as the openness to new and complex situations and willingness to take risks should result in a
willingness to investigate and challenge both the design context and the methods used, facilitating more
opportunities for reflection and learning.

5.2.5.4 Self-Efficacy
Self-efficacy Rt Wa 6 IJWHIIIG RIIn WR U WY U1 k(Bahbiurid, A 99R djike they dtHéGpersbhalitydaits Lt Ra 2 ¢
presented above,Self-efficacyRUn & 2 WU R IJt WG I YSBlEeHigatyllH1J6 ¢ 2 RY 2 | tOW

... influence the courses of action people choose to pursue, how much effort they put forth in
given endeavors, how long they will persevere in the face of obstacles and failures, their
resilience to adversity, whether their thought patterns are selfiindering or selfaiding, how
much stress and depression they experience in coping with taxing environmental demands,
and the level of accomplishment they realiz¢Bandura, 1997, p. 3)

Consequently, Self-eficacyRUn G2 JUHIIt Wa 3¢l U+ k WIkEhg behavddrUResplEI nn Y1 q A LWe
scoring high inSelf-efficacy tend to take a future perspective, set bigger goals, and work harder to make them a

reality (Bandura, 1997) and generally display whaKelley and Kelley (20133all creative confidence (Jobst et

al., 2012). As such, we hypothesise that higher scores i8elf-efficacy translate into improved learning

outcomes and higher scores inDesign Mindset

5.2.5.5 Design Mindset

Lastly, we hypothesise that individual differences irDesign Mindsetinfluence the effectiveness ofMethod
Teaching Like theDesign-Mindset-based group variables, we associate individuaDesignh Mindsetwith design-
related competencies. Based on its recent operationalisation as a construc(Lavrsen et al., 2023, in press)we
have a limited basis for predicting its influence on the learning outcome dflethod Teaching However, based

on the expectation that existing competencies might facilitate the navigation of the design context and learning
situation, we hypothesise that higherDesign Mindsetscores (T1_Design Mindsetwill positively influence the
learning outcome.

5.3 Method

This study employs a quasexperimental prerpost-intervention research design to answer our research
guestions and investigate how key variables influence the effectiveness dlethod Teaching The quasi
experimental format was chosen to reflect the reallife learning context, using an existing coursg designed
around Method Teachingy as the intervention (seeSection 5.3.2). Data was collected employing a
guestionnaire before (T1) and towards the end of the course project (T2). The {inéervention data (T1) has
been employed and discussed in previous researcflLavrsen et al., 2023, in pressyeporting the development
of the inventory used to measureDesign Mindsetfor this study (see Sectiorb.3.3.1).

5.3.1 Sample

We recruited our participants from a sample of 586 engineering students enrolled in a design and innovation
course mandatory for all master students at Technical University Denmark (DTU). The students were asked to
fill in the questionnaires as part of the carse but had the option not to have their data used for the study. Four
hundred seventythree completed the pre-intervention questionnaire; of those, 254 completed both the pre

and post-intervention questionnaire, resulting in a response rate of 43%. Of éhfinal sample, 150 (59%)
identified as male, 101 (40%) as female, 2 (1%) as other, and 1 opted not to answer.

N6 DWGe |l qRARGe Uqt Kk WAH¢cHE NI Y UT + W2¢!l RUIT WHIIqs 1313 \dpéndik 1J Wa 6 ¢ U
D), with varying degrees of training\ = 1.8 courses;Md =1; SD=2.42) and practical work experienceN =3.7

months; Md =0; SD=7.17), with the majority having little to no training or experience with innovation. The age

ranged from 20 to 41 years, with an average age of 24.4 ye@®®E 2.54).

Despite being a sample of convenience, the diversity of disciplinary specialisations in engineering and different
levels of exposure to design and innovation theory and practice make the sample representative of engineering
students.
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5.3.2 Procedure

We studied Method Teachingin the context of two intertwined projectbased full-time courses that ran over
three weeks. One course aimed at giving student®novation competencies through participation in an
innovation project as part of a team. The other focused on facilitating the innovation process for the students in
the innovation course to teach facilitation skills. Despite different learning objectivesthe overall structure for
both courses was the same, and it was, in practice, taught as one.

Introduction Module (Week 1)
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challenges formation aday theory the project project analyse choose filter testand

direction improve

FIGURE 5-3: THE MODULES AND SETUP OF THE COURSE.

The courses consisted of a oneveek introduction module and atwo-week project module ee Figure5-3). The

introduction module included an introduction to innovation and design processes, methods, mindset, real

world innovation challenges for the project phase, and team formation. To ensure multidisciplinary teams, the
project teams were formed basedontid Lt g2 T WU0qt Kk WHEH WWGT In 3l WOHRIY we U7 Wi Rt A
teams consisted of six to ten innovators and one or two facilitators. Four broad cases, including overall

challenges and problems, were presented by industry partners. They were centred amd: securing renewable

carbon for the chemical sector, climate and environmentallyfriendly solutions for the maritime industry,

sustainable retail focusing on keeping local retail areas relevant and environmentally friendly, and how to

make access to naure available for people with cognitive disabilities.

The project module was structured around a predefined and controlled design process based on the double
diamond process (Design Council, 2003) including planning and preparation, exploration and research,
definition of innovation challenge, ideation, conceptualisation, prototyping and testing, and pitching (see
Figure5-3).

Students were guided through the design process through scaffolded design activities structured around

design methods likeUser Observation List of Requirements Weighted Objectives and 10 plus 10 Ideation(van

Boeijen et al., 2020) and with specific deliverables most days. Within the limits of this structured design

process, the facilitators were free to bring in additional methods to support the completion and quality of the
deliverables.Ns YWY n W6 WWea qdé YI + Ws I DWRU2YG20T WRUWgq6IWHEY2 !l + Ikt

5.3.3 Measurements and Data Collection

We administered two questionnaires: one at the beginning of the course (Day &ppendixA, previously
published inLavrsen et al. (in pressand one after completing the project module of the course (Day 14; see
Appendix B). The questionnaires consisted of four main parts, with instruments measurinBesign Mindset
Self-efficacy, Ambiguity tolerance, and Sensation-seeking. In addition, the preintervention questionnaire
included items related to consenting to participate, demographic information, motivation, and experience. As
such, the pre-intervention questionnaire consisted of 60 items, and the postjuestionnaire consisted of 50.

5.3.3.1 Design Mindset

To measure the learning outcome, we developed thBesign Mindset InventoryDMindset0.1; Lavrsen et al.,
2023, in press)to measure DesignMindset. D-Mindset0.1 consists of 10 items, all measured on a “point Likert
scale, ranging fromstrongly disagree(=1) tostrongly agree(=7), and can be divided into four underlying
factors: (1) Iteration, (2)Conversation with the situation (3)Co-evolution of problem-solution, and (4)
Imagination (Lavrsen et al., in press)Based on the preand post-intervention scores ofDesign Mindset we
calculated the changes inDesign Mindset(Design Mindset DELT)as a measure of learning outcomes (see
Figure5-2).
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5.3.3.2 Personality Traits

We used the General Selefficacy Scale (GSESSchwarzer & Jerusalem, 19953p measure Self-efficacy. We
modified the GSES from a$oint to a 7-point Likert scale to align it with the other instruments used in the
guestionnaire and increase the usability of the entire set of employed scales.

We have used the 1dtem Tolerance for Ambiguity Scale (TA$Slerman et al., 20100 measure Ambiguity
tolerance. Despite initially being designed for crosscultural research, the TAS has previously been used in
connection with design research byMahmoud et al. (2020)

We used the Brief SensatiorSeeking Scale (BSS3oyle et al., 20020 measure Sensation-seeking The BSSS
is based on the widely used Sensatiotseeking ScaleV (SSSV; Zuckerman et al., 1978) but BSSS has the
advantage of only consisting of eight items rather than 40 and using the more usieiendly Likert scale as a
response format rather than the forcedchoice format (Hoyle et al., 2002)

5.4 Analysis and Results

In the following section, we examine the descriptive statistics of the variables, the assessment of the
employed t-test, the regression analyses, and the evaluation of the resulting models.

5.4.1 Data Processing
Before conducting the analysis, the data was cleaned. Due to the consent form only being part of the pre

invention questionnaire, fifty participants who only responded to the posintervention questionnaire were
removed from the dataset. While a loss of di@, these responses would not have been useful for this study due
to them missing the preintervention responses and, thus, the grounds for comparison of the development in
Design Mindset Incomplete entries were also removed. A few participants answered thpost-questionnaire
twice. We removed their second entry to avoid duplicates and bias.

5.4.2 Descriptive Statistics
Table5-1 shows the descriptive statistics for the dependent and the independent variables. It is worth noting

that some variables rely on smaller sample sizes. The biggest difference in sample size is betwger- and
post-intervention-based variables (pe=473; npost=254), reflecting a lower response rate for the post
intervention questionnaire than the preintervention questionnaire. The groupbased variables Gender ratio in
group and Avg. Design Mindset score in groypare also based on a smaller sample since these variables could
only be calculated for respondents in groups where all members participated in the study.

While a ShapiraWilk test indicates that the majority of our data is not normally distributedf <.05), our large
sample size means that most can be considered so according timk {2013)guidelines ( <50: absolute z-
scores for both skewness and kurtosis< 1.96; 50< n <300: absolute z-scores for both skewness and kurtosis<
3.29; n >300: absolute Skewness< 2 and absolute Kurtosis< 7; seeTable5-1). The exceptions are
T2_Conversation with the situation (F2), Gender ratio in group, Avg. Design Mindset score in gramgl all the
dependent variables exceptCo-evolution of problem-solution (F3)_DELTAWhile this influences the reliability
of the regression analysis presented later, we consider the analysis robust enough to provide meaningful
results.

5.4.3 The Changes in Design Mindset

The descriptive statistics Table5-1) clearly show an increase irbesign Mindsetfrom the pre-(M=4.41,SD=
0.53) to the postintervention test (M =4.55, SD=0.59). To test if this increase was significant, we conducted
paired samplet-tests for Design Mindsetand each of its subconstructs: Iteration, Conversation with the
situation, Co-evolution of problem-solution, and Imagination.

Thet-tests (Table5-2) revealed that the increase irDesign Mindsetwas significant, t(253) 1866, p <.001,
9 Y 6 13d=01230, supporting our hypothesis oMethod Teachingpositively influencing Design mindset

Of the Design Mindsetsub-constructs, only Imagination, (253)1 €.93,p <lOMMN A U@ VV 011893 shos a
significant increase in score from the preto the postintervention test, indicating that it is the primary driver of
the increase inDesign Mindsetscores. While the remaining subconstructs show no significant changes, it is
worth noting thatIteration decreased from the pre to the post-intervention test as the only construct.Both
significant resultsy Design Mindsetand Imaginationy fall within what can be considered a medium effect size
(0.2H 109 Y 6 1J 0.8; (CHDer(2913)
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TABLE 5-1: DESCRIPTIVE STATISTICS OF ALL VARIABLES AT T1 AND T2, INCLUDING INDEPENDENT AND DEPENDENT VARIABLES

Valid Median Mean SD Skewness z(Skewness) Kurtosis z(Kurtosis) Min. Max.

" T1_Design Mindset 473 4.45 441 05 0.034 0.304 0.382 1.705 24 6.1
g T1_lteration 473 4.75 475 1.0 € MIOP € P IOV 0.711 3.174 1.0 7.0
2 T1_Conversation with thesituation 473 6.00 6.03 0.8 € MOod €Y lOP 1.970 8.795 15 7.0
a T1_Coevolution of problem-solution 473 5.00 497 10 € MION e MO € MION € MIOP 25 7.0
T1 Imagination 473 3.50 374 11 0.117 1.045 € MION € MION 1.0 7.0

” T2_DesigrMindset 254 455 455 0.6 € MION € N 0= € MIO= € MY 2.8 6.1
g T2_lteration 254 5.00 478 1.0 e MHonM € O ON € MOV € MION 15 7.0
2 T2_Conversation with the situation 254 6.50 6.12 09 € N OV e X 0T 0.357 1.174 35 7.0
o T2_Coevolution of problem-solution 254 5.00 503 10 € MIO= € N ton 0.012 0.039 15 7.0
T2_Imagination 254 4.50 429 11 € MIO= € N OC € MIO= e MIOT 1.0 7.0

- Design Mindset_DELTA 254 0.18 0.13 0.6 e MHOC € = lOP 1.203 3.957 e NK 1.9
é & Iteration_DELTA 254 0.00 -0.02 1.0 € N IOV € T IOV 3.803 12.510 e P K 23
S 8 Conversation with the situation_DELTA 254 0.00 0.08 0.9 € N IOV € Z l0g 2.093 6.885 €Ok 2.0
s § Co-evolution of problem-solution_ DELTA 254 0.00 006 1.2 e MIOC e = lOP 0.958 3151 e Ok 4.0
e Imagination_ DELTA 254 0.50 059 1.2 0.095 0.621 1.080 3.553 € OK 5.0
Sensation-seeking 473 4.38 435 1.2 € MION e MIOT € MO € = oY 14 7.0

3 Self-efficacy 473 5.20 518 0.7 e MIO= € = 10X 0.681 3.040 2.0 7.0
E Ambiguity tolerance 473 4,50 4.46 0.6 € MION € N OP 0.154 0.688 2.2 6.1
§ Excited about course 473 5.00 473 15 € MIOP e 10z e MHC eNtorn 1.0 7.0
‘8‘ Will use tools 473 6.00 535 1.3 € MIOT € X H0C 0.169 0.754 1.0 7.0
° Gender ratio in group 68 0.23 0.28 0.2 0.241 0.828 € N H0C € = orn 0.0 0.6
%’_ Facilitator ratio in group 464 0.11 0.13 0.0 1.823 16.133 2.228 9.858 0.1 0.2
g Avg. Design Mindset score in group 117 4.42 4.44 0.2 € MIO= € N ON € MIOg € = ION 4.1 4.8
B Avg. facilitator Design Mindset in group 456 473 476 05 € MION € N 0= € MHOC € N OP 3.6 5.6
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TABLE 5-2: PAIRED SAMPLE T-TEST

Article 1I: Developing Design Mindset

OPEW9f WnYd W

Measure 1 Measure 2 t df p M SE Difference 9Y61WBk EEW9 VY& Lower Upper
T1_Design Mindset T T2_Design Mindset €3.66 253  <.001** €0.128 0.035 €0.230 0.065 ey €0.125
T1_lteration T T2_lteration 0.29 253 0.615 0.018 0.061 0.018 0.061 ey 0.121
T1_Conversation with the T2_Conversation with  €1.40 253 0.082 €0.081 0.058 €0.088 0.069 ey 0.016
situation the situation
T1_Coevolution of T T2_Caoevolution of €0.87 253 0.193 €0.063 0.073 €0.054 0.073 ey 0.049
problem-solution problem-solution
T1_Imagination T T2_Imagination €7.93 253  <.001** €0.594 0.075 €0.498 0.070 ey €0.388
Note. The alternative hypothesis specifies that Measure 1 is less thavileasure 2 for all tests. For example, T1_Design Mindset is less than T2_Design Mindset.
Note. Eqa T li-tés.k + LW
* p<0.05;* p<0.01; **p<0.001.
TABLE 5-3: MODEL SUMMARIES—INDIVIDUAL VARIABLES

Model R R2 Adjusted R? RMSE R2 Change F Change dfl df2 p
T1_Design Mindset cJ/b 0.000 0.000 0.000 0.559 0.000 0 253

chk 0.370 0.137 0.134 0.520 0.137 40.08 1 252  <.001***
Sensation-seeking c/b 0.000 0.000 0.000 0.559 0.000 0 253

c kb 0.080 0.006 0.002 0.558 0.006 1.60 1 252 0.207
Self-efficacy cJ/b 0.000 0.000 0.000 0.559 0.000 0 253

chk 0.164 0.027 0.023 0.552 0.027 6.97 1 252 0.009**
Ambiguity tolerance c/b 0.000 0.000 0.000 0.559 0.000 0 253

ch 0.233 0.054 0.051 0.544 0.054 14.46 1 252  <.001***
Excited about course cJ/b 0.000 0.000 0.000 0.559 0.000 0 253

c kb 0.005 0.000 -0.004 0.560 0.000 0.01 1 252 0.932
Will use tools cJ/b 0.000 0.000 0.000 0.559 0.000 0 253

chk 0.118 0.014 0.010 0.556 0.014 3.55 1 252 0.061
Gender ratio in group c/b 0.000 0.000 0.000 0.577 0.000 0 48

ch 0.175 0.031 0.010 0.574 0.031 1.49 1 47 0.228
Facilitator ratio in group c/b 0.000 0.000 0.000 0.560 0.000 0 251

ch 0.088 0.008 0.004 0.559 0.008 1.96 1 250 0.163
Avg. Design Mindset score in group c/b 0.000 0.000 0.000 0.577 0.000 0 48

c kb 0.193 0.037 0.017 0.572 0.037 1.82 1 47 0.184
Avg. facilitator Design Mindset in group ¢ /b 0.000 0.000 0.000 0.584 0.000 0 159

ch 0.074 0.006 -0.001 0.584 0.006 0.88 1 158 0.351

* p<0.05; * p<0.01; ** p< 0.001.
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TABLE 5-4: ANOVA-INDIVIDUAL VARIABLES

Method over Madness

Model Sum of Squares df Mean Square F p

T1_Design Mindset c kb Regression 10.8 1 10.8 40.1 <.001***
Residual 68.2 252 0.3
Total 79.0 253

Sensation-seeking c kb Regression 0.5 1 0.5 1.6 0.207
Residual 78.5 252 0.3
Total 79.0 253

Self-efficacy ch Regression 21 1 21 7.0 0.009**
Residual 76.9 252 0.3
Total 79.0 253

Ambiguity tolerance ch Regression 4.3 1 4.3 14.5 <.001***
Residual 74.7 252 0.3
Total 79.0 253

Excited about course ch Regression 0.0 1 0.0 0.0 0.932
Residual 79.0 252 0.3
Total 79.0 253

Will use tools ch Regression 11 1 11 3.6 0.061
Residual 77.9 252 0.3
Total 79.0 253

Gender ratio in group c kb Regression 0.5 1 0.5 15 0.228
Residual 15.5 47 0.3
Total 16.0 48

Facilitator ratio in group c kb Regression 0.6 1 0.6 2.0 0.163
Residual 78.2 250 0.3
Total 78.8 251

Avg. Design Mindset score in group ch Regression 0.6 1 0.6 1.8 0.184
Residual 15.4 47 0.3
Total 16.0 48

Avg. facilitator Design Mindset in group c kb Regression 0.3 1 0.3 0.9 0.351
Residual 53.9 158 0.3
Total 54.2 159

Note. The intercept model is omitted, as naneaningful information can be shown.

* p<0.05;* p<0.01; **p< 0.001.
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TABLE 5-5: COEFFICIENTS—INDIVIDUAL VARIABLES

Article 1I: Developing Design Mindset

Model Unstandardised  Standard Error ~ Standardised t p
T1_DesigrMindset ¢ Ji(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) 2.006 0.299 6.720 <.001***
T1_Design Mindset -0.425 0.067 -0.370 €6.331 <.001***
Sensation-seeking ¢ Jt(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) 0.291 0.134 2.176 0.030**
Sensation-seeking 0.037 0.029 -0.080 €1.266 0.207
Self-efficacy ¢ Jt(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) €0.514 0.245 €2.094 0.037**
Self-efficacy 0.120 0.045 0.164 2.640 0.009**
Ambiguity tolerance ¢ Jt(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) €0.768 0.238 €3.228 0.001***
Ambiguity tolerance 0.197 0.052 0.233 3.803 <.001***
Excited about course ¢ Jt(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) 0.117 0.123 0.955 0.340
Excited about course 0.002 0.025 0.005 0.086 0.932
Will use tools ¢ Jt(Intercept) 0.127 0.035 3.635 <.001***
¢ H(Intercept) 0.408 0.153 2.668 0.008**
Will use tools €0.052 0.028 -0.118 €1.884 0.061
Gender ratio in group ¢ Jt(Intercept) 0.026 0.082 0.315 0.754
¢ H(Intercept) €0.130 0.152 €0.856 0.396
Gender ratio in group 0.457 0.374 0.175 1.221 0.228
Facilitator ratio in group ¢ Jt(Intercept) 0.125 0.035 3.538 <.001***
¢ H(Intercept) €0.058 0.135 €0.429 0.668
Facilitator ratio in group 1.439 1.029 0.088 1.399 0.163
Avg. Design Mindset score in group ¢ Jt(Intercept) 0.026 0.082 0.315 0.754
¢ H(Intercept) €2.211 1.662 €1.330 0.190
Avg. Design Mindset score in group 0.500 0.371 0.193 1.348 0.184
Avg. facilitator Design Mindset in group ¢ Ji(Intercept) 0.091 0.046 1.971 0.050**
¢ H(Intercept) €0.304 0.425 €0.715 0.475
Avg. facilitator Design Mindset in group 0.083 0.089 0.074 0.935 0.351

* p<0.05; * p<0.01; ** p< 0.001.
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5.4.4 \Variables Influencing the Development of Design Mindset

5.4.4.1 Initial Analysis of Individual Variables

To identify the relationships of each independent variable to the learning outcomes of

Method Teaching we conducted separate linear regression analyses for each of the

ten variables. Aligning with our model oMethod Teaching(see Figure5-2), we relied on

the differences between the preand post-intervention scores ofDesign Mindset

(Design Mindset DELTA LG + We Wa ¢t 2l DWnY!l Waqdé WWGel qRARGE U
dependent variable.

The independent variables shown iTable5-1, along with preintervention scores of
Design mindset(T1_Design Mindset are used as the independent variables for these
analyses. All these variables were collected in the préntervention questionnaire.

Table5-3 shows the model summaries for all variables andepresents the goodness of
fit and the contribution of each model (H) and their null hypotheses (). The models
for T1_Design MindsetF(1,252)=40.08, p <.001, R*=0.137, Self-efficacy, F(1,252)=
6.97,p =0.009, R?=0.027, Ambiguity tolerance, F1,252)=14.46,p <.001, R?=0.054,
indicate significant improvements in performance compared to their null models. As
indicated by the Adjusted R, the three models explain 13.4%, 2.3%, and 5.1% of the
variance ofDesign Mindset_ DELTAgspectively.

At the other end of the spectraExcited about course(Adjusted R1 €.004) andAvg.
facilitator Design Mindset in grougAdjusted R1 @.001) both explain less of the
variance ofDesign Mindset_ DELT#an their respective H-models, suggesting they
are not suitable for understanding the changes ilbesign Mindsetscores.

The oneway ANOVAs shown iTable5-4 support rejecting the null hypothesis for the
models including T1_Design MindsetF(1,252)=40.08, p <.001, Self-efficacy, H1,252)
=6.97,p =0.009, andAmbiguity tolerance F(1,252)=14.46,p <.001. The result
indicates that these three models account for significantvariance, while the remaining
models fail to do so.

Table5-5 displays the coefficients of each of the variable models, and the relationships
to the development ofDesign Mindsetare illustrated in Figure5-4 (green lines indicate
a positive relationship, while red lines indicate a negative relationship. The line width
shows the strength of the relationship based on the standardised coefficients, and the
dashed lines indicate that the results were not statistially significant). The
unstandardised coefficients tell us the amountDesign Mindset_ DELTAhanges when
the independent variable increases by one and anything else is static (e.gTif_Design
Mindsetincreases by 1,Design Mindset_DELTvill decrease by«€0.425). As such,
Table5-5 gives us the directionality of the relationship between the different variables
and the changes inDesign Mindset Perhaps the negative relationship betweemesign
Mindset_DELTAand T1_Design MindsetSensation-seeking, and Will use toolsis most
noteworthy in this context, even though the model for the latter is not considered
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Article 1I: Developing Design Mindset
significant. These results suggest that the hypothesised positive relationship between
these three variables must be rejected.

5.4.4.2 Analysis of Multiple Variables

To investigate the individual and combined effects of the different variables on the
learning outcomes ofMethod Teaching we conducted a forward selection stepwise
multiple linear regression analysis forDesign Mindset DELTANe employed stepwise
analyses to systematically select the most influential variables for inclusion in the final
regression models.

The independent variablesT1_Design Mindset, Sensatioiseeking, Selfefficacy,
Ambiguity tolerance, Will use tools, Facilitator ratio in groupand Avg. facilitator Design
Mindset in groupwas included in the analysis.Gender ratio in groupand Avg. Design
Mindset score in groupwere excluded to avoid the immense loss of degrees of freedom
(48 vs 253) resulting from the number of respondents the variable could be calculated
for (see Section5.4.2). Neither showed a significant relationship tdesign

Mindset_ DELTAn their own (seeTable5-3, Table5-4, and Table5-5), and both have a
relatively small sample size (se€lable5-1). Similarly, we excludedExcited about

course and Avg. facilitator Design Mindset in grouplue to their negative Adjusted??
values (seeTable5-3), indicating that they do not improve the predictive model.
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The development in Design Mindset
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FIGURE 5-4: VISUALISATION OF THE REGRESSION MODELS OF THE INDIVIDUAL VARIABLES (COLOUR
INDICATES DIRECTIONALITY, LINE WIDTH, THE STRENGTH OF THE RELATIONSHIPS BASED ON THE
STANDARDISED COEFFICIENTS AND DASHED LINES NON-SIGNIFICANT RELATIONSHIPS (P> .05)
The significance ofF-change, displayed inTable5-6, indicates that the model provides
meaningful information about the changes irDesign Mindset The model explains
27.7% of the variance of the changes iBesign Mindset as indicated by theAdjusted
R2. Additionally, the p-value (p =0.002) suggests statistical significance in explaining
the variability of Design Mindsetscores.

The oneway ANOVA shown ifTable5-7 supports rejecting the null hypothesis. Thep-
values indicate highly significant model fits, while the~-values show diminishing
returns in explanatory power as less predictive variables are added to the model.

As could be expected based on the initial analyses of the variable$able5-8
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shows that T1_Design Mindset, Seléfficacy, and Ambiguity toleranceare included in
the best model for explaining the changes iDesign Mindsetscores (Design
Mindset_DELTA More surprisingly,Sensation-seekingis also included in this model,
indicating an interaction between the independent variables that increases the
relevance ofSensation-seeking

Similar to the initial analyses,Table5-8 also shows a negative relationship between the
changes inDesign Mindsetand the variablesT1_Design Mindseand Sensation
seeking, contradicting our initial hypotheses.

The relationships are visually summarisedn Figure5-5 (greenlines indicate a positive
relationship, while red lines indicate a negative relationship. The line width shows the
strength of the relationship based on the standardised coefficients).
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FIGURE 5-5: VISUALISATION OF THE REGRESSION MODEL INCLUDING MULTIPLE VARIABLES (P< .05; COLOUR
INDICATES DIRECTIONALITY AND LINE-WIDTH THE STRENGTH OF THE RELATIONSHIPS BASED ON THE
STANDARDISED COEFFICIENTS. THE MUTED BOXES REFLECT THE VARIABLES NOT INCLUDED IN THE
REGRESSION ANALYSIS).
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TABLE 5-6: MODELS SUMMARIES—MULTIPLE VARIABLES.

Model R R2 Adjusted R2 RMSE R2 Change F Change dfl df2 p
Design Mindset_DELTA 1 0.559 0 253
2 0.370 0.137 0.134 0.520 0.137 40.080 1 252 <.001***
3 0.472 0.223 0.217 0.494 0.086 27.768 1 251 <.001***
4 0.509 0.259 0.250 0.484 0.036 12.154 1 250 <.001***
5 0.537 0.288 0.277 0.475 0.029 10.193 1 249 0.002**
*  p<0.05* p<0.01;**p<0.001.

TaBLE 5-7: ANOVA—-MULTIPLE VARIABLES

Model df F p
Design Mindset_DELTA 2 1 40.1 <.001***
252
253
3 2 36.1 <.001***
251
253
4 3 29.2 <.001***
250
253
5 4 25.2 <.001***
249
253
Note. The intercept model is omitted, as no meaningful information can be shown.
* p<0.05;* p<0.01; **p<0.001.
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TABLE 5-8: COEFFICIENTS—MULTIPLE VARIABLES

Collinearity Statistics

Model Unstandardised Standard Error ~ Standardised t p Tolerance VIF
Design Mindset_DELTA 1 (Intercept) 0.127 0.035 3.635  <.001***
2 (Intercept) 2.006 0.299 6.720  <.001***
T1_Design Mindset -0.425 0.067 -0.370 -6.331  <.001*** 1.000 1.000
3 (Intercept) 1.096 0.332 3.300 0.001***
T1_Design Mindset -0.477 0.065 -0.416 -7.387  <.001%** 0.977 1.024
Ambiguity tolerance 0.250 0.048 0.297 5.270  <.001*** 0.977 1.024
4 (Intercept) 1.231 0.327 3.761  <.001***
T1_Design Mindset -0.481 0.063 -0.419 -7.610  <.001*** 0.976 1.024
Ambiguity tolerance 0.317 0.050 0.376 6.307  <.001*** 0.835 1.198
Sensation-seeking -0.095 0.027 -0.205 -3.486  <.001*** 0.854 1.172
5 (Intercept) 0.840 0.344 2.439 0.015*
T1_Design Mindset -0.506 0.063 -0.441 -8.082  <.001*** 0.962 1.04
Ambiguity tolerance 0.280 0.051 0.332 5.531  <.001*** 0.792 1.262
Sensation-seeking -0.104 0.027 -0.226 -3.877  <.001*** 0.843 1.186
Self-efficacy 0.133 0.042 0.181 3.193 0.002** 0.886 1.129

Note. The following covariates were considered for analyses but not necessarily included in the models: T1_Design Mindsetisation-seeking, Selfefficacy,
Ambiguity tolerance, Will use tools, Facilitator ratio in group, Avg. facilitator Design Mindset group
*p<0.05; *p<0.01; *p< 0.001.
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5.5 Discussion

In this study, we have investigated how individual and contextual factors affect the development of
Design Mindsetthrough Method Teaching The results show thatMethod Teachinggenerally improves
Design Mindsetas we hypothesised (see Sectiorb.1.2). We find that the changes iDesign Mindsetare
best predicted by the individual factorsy Design Mindset, Sensatiorseeking, Selfefficacy, and
Ambiguity tolerancewrather than the contextual factors. The results also show that several variables
were negatively correlated with the development obesign Mindset contrary to our hypotheses (see
Section 5.1.2). Among the variables included in the final regressing model (see Sectiém.4.2), both
Design Mindsetand Sensation-seekingwere found to be negatively correlated with the development of
Design Mindset

5.5.1 Design Mindset and Method Teaching

Considering that neitherlteration, Conversation with the situation nor Co-evolution of problem-solution
of the sub-constructs of Design Mindsetwas statistically significant, the results indicate that the
development of Design Mindsetwas driven mainly by the improvements in the swzonstruct
Imagination. Imaginationis associated with divergent and hypothetical thinkingLavrsen et al., in press)
While both concepts were in play during the course, looking closer Method Teachingn general and the
specific case studied here, we would have expected the development @esign Mindsetto be driven
mainly by Conversation with the situationand Co-evolution of problem-solution. Despite aspects related
to both being more explicitly taught and taking up more time in the course than any aspects related to
Imagination, neither improved significantly. These results might indicate that the specific setup of
Method Teachingemployed in the studied course is skewed towards stimulating development in
Imaginationrather than the other subconstructs of Design Mindset Alternatively, the beliefs and
attitudes related to Imagination might be more susceptible to change than the other sulronstructs of
Design Mindset at least within the short time frame of the case presented here.

Even though insignificant, it is also worth addressing the negative changesteration. The negative
development is worrisome since working iteratively is essential to designing and implementing learning
and new insights into the design proces¢Crismond & Adams, 2012; Dorst, 2011; Lavrsen et al., in press)
Not addressing the negative development could result in poorer performance on design tasks and less
effective learning in future design situations. These findings generally indicate a need to better
understand the relationship between the specific comporents of Method Teachingand the development
of Design Mindsetto improve the effectiveness ofMethod Teaching

5.5.2 \Variables Influencing the Effectiveness of Method Teaching

The results from the regression analyses show that several of the variables included in the multiple
regression models had no significant influence on changes iBesign Mindset Both of the group factors
and the factors related to motivation had insignificant predictive power. The dominant variables across
the models are the initialDesign Mindsetscore and the three personality traits (sed-igure5-5).

5.5.2.1 The Influence of Initial Design Mindset on Developing Design Mindset

As shown inTable5-3, 13.4% of the varianceof the change inDesign Mindsetbetween the start and end
YnlWagé DWHY21 + JWHEe UWAII WY $ G iDedyd Minddedit id] thedefdidl Gat suspisdR G¢ Uaqt k WF
that it is significant when included with other variables in the regression models investigating the

changes inDesign Mindset As highlighted inFigure5-58 LG ¢ | q R # RDESidh dylindsett@riéBtesk ¢ G LU
negatively with the overall change ilDesign Mindset While the negative relationship suggests that

Method Teachingis more effective for students starting with a loweDesign mindsetscore, it does not
necessarily mean that higher scores result in negative development. The negative relationship implies

that as the initial Design Mindsetscores increase, the improvements inDesign Mindsetbecome smaller.
Despite contradicting our initial hypothesis (see Sectiorb.1.2), this is not surprising as those participants
initially scoring higher might be closer to their maximum potential, making it harder to improve

significantly.
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Taking together with the limited reliability oD-Mindset0.1¢ =0.522), some of the negative relationships

GRNDEqWeE Gt YWARWEt HI RAVT WY W6 W q¢ qRt qRAc I WGEILI0UYaWUYUs
suggests that individuals with initially extreme scores, high or low, are more likely to move closer to the

mean in subsequent measurements due to random fluctuations. This is supported by the data showing

that 67% f =55) of the 82 participants who experienced a drop iDesign Mindsetscores scored above

average inDesign Mindsetin the pre-intervention test (TJ). Compared with the group of participants with

negative development and scoring below average iDesign Mindsetin the initial test (» =27), who had an

average drop ofe0.33, the aboveaverage group on average dropped0.55 inDesign Mindsetscores, a

b q¢c qRE qRAEC GG ! W RN UR@ARIHEIOGAEMROMMIB 19 IILO=+DI6 10K Thik@ Fhdings LU

suggest the need for caution in interpreting the relationship between initidbesign Mindsetscores and

changes inDesign Mindsetand highlight the importance of continually improving theDesign Mindset

inventory (DMindset0.1)q Y WG RqRNc q W6 W WIn nIHEaqt WYnWh! 3N I+ RYULWaqVYLU

5.5.2.2 Influence of Sensation-Seeking

Despite having no statistically significant relationship to change iesign Mindset(Design
Mindset_DELTAIn the initial analysis of the individual variables (see sectiob.4.4.1), we findSensation
seekingincluded in the multi-variable model, indicating that it interacts with the other variables in a way
that makes it more relevant than when on its own (see sectiob.4.4.2).

Considering that our prior research(Lavrsen et al., in presshas found a positive correlation between
Sensation-seekingand Imagination and that the changes toDesign Mindsetin this study seem to be
driven by changes to this subconstruct, the negative relationship to the development &fesign Mindsetis
interesting. It indicates that while being a sensation seeker is positively correlated with the subconstruct
of Imaginationand likely helps the sensation seekers be more creativ@Lavrsen et al., in press)in the
context of Method Teaching these attributes likely influence the learning negatively. This might be due to
sensation seekers being prone to distractions, e.g. if the course is not stimulating enough, sensation
seekers might be likelier to daydrean{Franken & Rowland, 1990; McDaniel et al., 2001)he negative
effect of Sensation-seekingmight be enhanced by the negative development iDesign Mindsetamong
participants with high pre-intervention Design Mindsetscores (discussed above) since the combination
of highSensation-seekingand Design Mindsetscores could suggest an increased risk of boredom due to
prior experience with design and innovation.

5.5.2.3 Influence of Self-Efficacy

The regression models show a positive relationship between the development Besign Mindset
Ambiguity tolerance,and Self-efficacy, aligning with our hypotheses. The positive relationship witBelf-
efficacy is likely driven by higheSelf-efficacy providing the necessary confidence to persist in the
complex context associated with designing, which is a mainstay dflethod Teaching In our previous
research, we have suggested a similar argument for the more general relationship betwegelf-efficacy
and Design Mindset(Lavrsen et al., in press)

5.5.2.4 Influence of Ambiguity Tolerance

Ambiguity toleranceseems to facilitate reflection in and on action, which requires an acceptance of
processes and methods being more like guidelines than strict procedures that must be followed.
Accepting this ambiguity as part of the design process likely prompts the studeésto reflect on their
method usage and design practices, stimulating learning. SimilarlyAmbiguity tolerancehas been related
to the unfreezing of mental modelgHerman et al., 2010) suggesting thatAmbiguity tolerancegenerally
facilitates learning and changes in mindset.

5.5.3 Limitations and Future Research

While our study design allows us to collect data in a realvorld context, it also means we had limited
control over the factors influencing the learning environment and the learning. While we have shown that
several variables influence the effect oMethod Teaching the limited control over the intervention leaves
much in terms of determining what aspects oMethod Teachingare affected by what variables and how
Method Teachingtself influences the development ofDesign Mindset Without complete control, a
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direct measurement of the intervention variable, and a control group, it is difficult to establish a direct
causal link between the intervention and the change ibesign Mindset Various factors, including the
intervention, other unmeasured variables, and timerelated effects, may have influenced the relationship
between pre- and post-intervention measures. Considering, for example, the short timeframe of the
studyy twelve workdaysy it is impressive that we see significant improvement in Design Mindset.
However, this improvement would likely be more pronounced given more time. Similarly, the influence of
the different variables analysed might change if the development design Mindsetwere measured over
a more extended period, such as a semestelength course or even over a whole education. It is not
unlikely that time could moderate the effect of several variables, making their influence more
pronounced and perhaps even changing the déctionality of the influence to match our hypothesis
better.

The patterns observed in the relationships betweesensation-seeking, Selfefficacy, Ambiguity
tolerance, and the changes toDesign Mindsetunderscore the complexity of variables influencing
mindset development in the context ofMethod Teaching Future research could delve deeper into these
dynamics to investigate the interplay between personality traitsMethod Teaching and mindset
development, ultimately informing more effective educational interventions and strategies in design
education.

Lastly, the quality of the results and their interpretation depends on the quality of the instruments used to

Glct el UWgdéaoW + WadWWaKet 21 WY nWaqs Wt qel WUqt k Wadéel URLC
quality of D-Mindset0.1 has a great potential to influence the study results, as already indicated in

Section 5.5.2.1. D-Mindset0.1 was developed for this study and is, thus, still in its infancy. There are still a

lot of unanswered questions regarding its reliability and validitylLavrsen et al., 2023, in press)While the

developmental stage ofD-Mindset0.1 influences the result of this study, it also helps further our

understanding of the construct and can, thus, inform the development of th®esign Mindset Inventory

5.6 Conclusion

This study has outlined the concept oMethod Teachingand provided valuable insights into its
effectiveness in enhancingDesign Mindset The findings reveal that whiléMethod Teachingeads to
improvements in Design Mindset the specific variables influencing its effectiveness are complex and
multifaceted. The analysis suggests that whil&elf-efficacy and Ambiguity tolerancepositively influence
Design Mindsetdevelopment, Sensation-seekingmay have a more complex relationship, potentially
distracting students from focused learning. Overall, this study contributes to our understanding of
Method Teachingand its impact on fosteringDesign Mindsetwhile also highlighting avenues for
continued investigation and improvement in design education.
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6 Article lll: Balancing Cognitive Load in Design Work
Balancing Cognitive Load in Design Work: A Conceptual and

Narrative Review
Jakob Clemen Lavrsen, Jaap Daalhuizen

Abstract:

Designers address complex and even wicked problems, which requires them to deal with high levels
uncertainty and ambiguity, requiring high levels of mental effort. The cognitive load of designing is th
likely to affect design behaviours, activities ad method use. However, the nature of design worl
presents a challenge in applying existing theory on cognitive load to explain and predict desi
behaviour. Especially designers' tendency to expand the design space to increase creative potenti
seems to fll outside the current theories on cognitive load. Following recent calls for theofuilding
within design, this paper outlines a conceptual framework mapping the relationship between cognitiv
load and the process of framing and reframing. We examineithdynamic between cognitive load and
design by drawing upon theories rooted in cognitive science and information processing. Through
narrative review and conceptual modelling, we propose a model suggesting that cognitive load can |
managed.

Keywords: Design cognition; Cognitive loadDesign methods; Conceptual mapping
DOI: 10.21606/drs.2024.928

6.1 Introduction

Design is a multifaceted cognitive process that unfolds as a complex interplay of creativity, problem
solving, and decisionmaking (Cross, 2001; Finke et al., 1992; Hay et al., 201 Despite designers and
their cognitive processes being central to the design proces@ash et al., 2019; Daalhuizen, 2014much
design research has ignored designers' role in the design procegBorst, 2008) Viewing designing
through the lens of cognitive load, we can draw on existing theories on the role of cognitive load on
information processing and performance to expand our understanding of how designers interact with
their surroundings to deliver qualiy designs.

While still an underexplored research area, previous research has found connections between cognitive
load and both creativity(Redifer et al., 2019xand design(Calpin & Menold, 2023; Sun et al., 2014;
Zimmerer & Matthiesen, 2021)Furthermore, there are discrepancies between the results, indicating the
need for further exploration of these relationships.

Zimmerer & Matthiesen (2021jind a weak negative correlation between cognitive load and performance
on analytical design tasks like functional analysis. SimilarlyRedifer et al. (2019%ind that lower cognitive
load is positively correlated with performance on divergent thinking tasks. These findings align with what
the current theories on cognitive load would predict, mainly that reduced cognitive load increases
performance (Hancock et al., 2021; Sweller et al., 2019)

Conversely,Sun et al.(2014)show that experienced designers expend more cognitive effort, perceiving a
higher cognitive load yet delivering a higher quality output than novice designeiGalpin & Menold (2023)
support these findings, finding a correlation between higher cognitive load and effort with 'uniqueness of
ideas' and 'usefulness of idea' and 'elegance of ideas', respectively. While inconclusive, these findings
suggest that performance on some design tsks can be increased by actively increasing cognitive load.
Sun et al. (2014pscribe their result to the fact that the more experienced designers understand the
problem on a deeper level, comprehending the complexity of the design task more fully. Taken to the
extreme, designers have been observed to approach even walkfined problems asif they were wicked
(Cross, 2001)

This paper will make the case that the contradictory results can be explained by design tasks differing
from other complex cognitive tasks due to the wicked nature of design problems. Wicked problems have
no one correct or optimal solution, they are not sable, and their scope and framing are influenced by
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how problem solvers understand the problem space and the world more general(fRittel & Webber,
1973), meaning the cognitive load associated with solving a wicked problem changes depending on
framing. This malleability of design problems falls outside the current theories on cognitive load
developed to describe tasks with clearly defined enestates and success criteria. Therefore, there is a
need to explore the implications of this difference when employing theories on cognitive load within the
design field.

Through conceptual modelling(see Jaakkola, 2020; Wacker, 1998)ve begin to identify connections
between cognitive load and the core design activities of framing and reframing. As such, this paper aims
to provide an initial conceptualisation of the role of cognitive load in relation to these core design
activities. Linking design activities to existing theories related to cognitive load extends the theoretical
foundation for understanding design cognition. In doing so, we also expand the existing theories on
cognitive load to explain the discrepancies between currentesults on cognitive load within design.
Furthermore, a conceptual model has the potential to guide systematic exploration of the interaction
between designers and the design context more generally, including the effectiveness of new and existing
design methods, techniques and processes to facilitate design activities.

This paper follows the recent calls for theonybuilding in design research(Cash, 2018)and ventures into
psychology and cognitive science to explain design phenomen@ee Cash et al., 2019)Generally,
understanding the cognitive processes of designing holds the promise of advancing design research
(Cash, 2018)and improving design practice by developing better design methods and strategié3in &
Benami, 2010)

6.2 Method

Within a theory-building approach, this paper falls under analytical conceptual research and, more
precisely, conceptual modelling, which involves deducing relationships from theories and expressing
new conceptual perspectives(Wacker, 1998)

We use a narrative literature review to support the framing of design in terms of balancing cognitive load.
Presenting literature in a condensed format and discussing theory in context, narrative reviews are ideal
for presenting conceptual matters(B. N. Green et al., 2006)Narrative reviews are more exploratory than
systematic reviews(Demiris et al., 2019) They follow no specific protocol and, thus, provide more
flexibility to integrate sources and explore emerging themegemiris et al., 2019) Therefore, no
systematic literature search was conducted. Rather, the literature was included organically as themes
emerged and based on its relevance and ability to drive the narrative forward. It was sourced both by
keyword searches in different databaes and by exploring references of the papers included in this paper.
The literature spans several theories related to design or cognition, chosen to shed light on the
relationship between cognitive load and the design activity of framing and reframing. Me&ver, it is not a
comprehensive review of the potentially relevant literature but rather a preliminary exploration of the
phenomenon.

While drawing on different theories points towards theoretical integration and synthesis, this is outside
the scope of this paper due to the shallow nature of narrative reviews.

6.3 Cognitive Capacity

The human capacity to process information is not limitless. It is informed by the cognitive capacity of
working memory. Cognitive capacityh.. refers to a limited-supply cognitive resource that can be
allocated flexibly depending on the demand of the task at handHambrick & Engle, 2003, p. 181)
Working memory is not strictly speaking about memory but about managing attentigistanovich, 2009)
The primary function of working memory is to keep relevant information and representations activated
and in focus(Hambrick & Engle, 2003; Stanovich, 2009As such, it serves as an intermediary between
long-term memory and the external worldM. S. Sanders & McCormick, 1993; Sweller, 20Q9)

Miller's (1956)seminal research suggested that the average person can manage approximately seven
pieces of information in their working memory at any given time. This capacity can be extended by
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structuring information into larger, meaningful chunks(Miller, 1956) Expert chess players can, for
example, remember the placement of more pieces on a chessboard if their arrangement resembles
configurations realistic to gameplay than if not(Sweller, 1988) This ability depends on information stored
in long-term memory and the quality of schemas and mental models of the world, connecting knowledge
and expertise to performance on cognitive task¢Chandler, 1993; Sweller, 2023)

When retrieving information from longterm memory, working memory is less restricted by cognitive
capacity (Sweller, 2009, 2023)However, retrieval itself is not perfec{M. S. Sanders & McCormick, 1993)
it depends on appropriate search processegGilhooly et al., 2014)and the organisation of the

information both in working and longterm memory (M. S. Sanders & McCormick, 1993)

As we shall see in the following, human information processing and its limitations inform the theories on
cognitive load and, thus, lay the foundation for understanding the role of cognitive load in the design
process.

6.4 Managing Cognitive Load

The limited cognitive capacity of our brain influences our ability to process information, solve problems,
and make decisions. Cognitive tasks that exceed the cognitive capacity, such as dealing with complex or
overwhelming information, can result in cognive overload and harm performancgPaas & Van
Merriénboer, 1994; Sweller, 1988, 2023)

There are two main ways to reduce cognitive load: reducing taskload or reducing ineffective load.
Taskload is the objective load of a taskCharles & Nixon, 2019; Hancock et al., 2028nd can be reduced

by making the task less compleXSweller et al., 2019) Here, Cognitive Load Theory focuses on reducing
extraneous load(Sweller et al., 2019) Extraneous load is related to how the task is presented and
structured and, specifically, the aspects not relevant to solving the core taskSweller et al., 2019)

Reducing extraneous load is effectively to remove the noise surrounding the task. The advantage of
reducing extraneous load is that the core task remains the same. However, depending on the expertise of
the problem solver, it might still be necessary tesimplify the task to bring it within the scope of their
cognitive capacity.

The other way to reduce cognitive load is to reduce ineffective load. Ineffective load is part of the
experienced cognitive load and arises from inefficiencies of the individual problersolving strategies and
differences in knowledge and experiencéXie & Salvendy, 2000)The primary way to reduce ineffective
load is by training(Chandler, 1993; Paas & Van Merriénboer, 1994; Sweller et al., 2018% we have seen,
domain knowledge reduces the strain on working memory by providing highly structured mental
representations of a problem space. Another important function of training is the automation of
processing (Paas & Van Merriénboer, 1994 Automating happens when procedures through training and
repeated practice become second nature, no longer requiring conscious processin@Chandler, 1993)
Automation shifts processing from Type 2 processing, which heavily taxes working memory, to Type 1, the
brain's default mode (Stanovich, 2009) Type 1 processing is rapid, intuitive, and subconscious, reducing
working memory load(Evans et al., 2005; Stanovich, 2009ype 2 processing involves deliberate,
analytical, and reflective thinking, demanding greater working memory resourcg&vans et al., 2005;
Stanovich, 2009) As such, automating processes frees up cognitive resources and reduces the cognitive
load associated with a task(Chandler, 1993; Kalyuga, 2009; Paas & Van Merriénboer, 1994; Stanovich,
2009).

Sweller (2023)also indicates that instructions, to some extent, can stand in for lacking tasispecific
expertise, meaning that a task can be performed more efficiently even without training. Taskecific
expertise refers to the level of ability to perform effectivelpr even automatically on a class of tasks and
pertains to knowledge structures and procedures for dealing with this class of task&alyuga, 2009)

Whether reducing cognitive load is an effective strategy for increased performance depends on the level
of cognitive load the task solver experiences. The Yerkd3odson Law suggests that both too much and
too little cognitive load impair performance(Yerkes & Dodson, 1908; Zimmerer & Matthiesen, 202Blow
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Theory makes a similar claim in that 'flow' happens when the challenges of a task match the skill level of
the individual engaging in the taskCsikszentmihalyi, 2013) Both theories report that people tend to
disengage from a task if it is too challenging or not challenging enough. The Yer@sdson Law, often
illustrated by an inverted U, tells us that as stimuli increase, so does performance until a certain point,
after which performance begins to drop(Yerkes & Dodson, 1908; Zimmerer & Matthiesen, 2021)
Regarding cognitive load, this point is likely related to cognitive capacity but also informed by
motivationy meaning that as long as the task solver is both motivated and has free cognitive capacity,
performance can be increased by increasing cognitiveold.

Figure6-1 provides an initial model for understanding the relationship between the different aspects of
cognitive load. In addition to the aspects mentioned above, the model includes effective workload and
management load.

External Internal
Taskload Cognitive load
Effective load
A 1
H ¥
Extraneous load : Ineffective load
: Management
load
Distractions Expertise
Secondary task Domain knowledge
. Procedural "
Environment
knowledge

FIGURE 6-1: MoDEL OF COGNITIVE LOAD SHOWING THE RELATIONSHIP BETWEEN TASKLOAD (+EXTRANEOUS LoAD), COGNITIVE
LoAD (+EFFecTIVE LOAD, INEFFECTIVE LOAD (+MANAGEMENT LOAD)), DISTRACTIONS (+SECONDARY TASK, ENVIRONMENT) AND
EXPERTISE (+DOMAIN KNOWLEDGE, PROCEDURAL KNOWLEDGE).
Xie & Salvendy (2000)efine effective load as the minimum cognitive effort required to solve a task under
optimal conditions and efficiency and is directly related to the taskload. The combined effective and
ineffective workload is what is called intrinsic cognitive load in @gnitive Load TheorySweller et al.,
2019). Going forward, we will refer to this combined cognitive load as 'cognitive load.'

Management load is related to managing, prioritising, and shifting between multiple taskXie &
Salvendy, 2000) Managing multiple simultaneous tasks results in a higher overall cognitive load than
doing the same task one after the othe(Hancock et al., 2021) It is related to the core function of working
memory: focusing attention.

The model highlights that taskload is directly related to effective load. Extraneous load is part of the
taskload, thus, influences effective load. It is also connected to the ineffective load to indicate that
extraneous load, by its very nature, introducs inefficiencies into the problem-solving process.
Management load is shown to be part of the ineffective load and conceptualised as the part of the
ineffective load prompted by external factors unrelated to the primary task or shifting between tasks,
broadly referred to as distractions. Lastly, the model indicates the relationship between ineffective load
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and expertise. The arrows from effective load to expertise and from expertise to ineffective load point
towards the interaction between the task and the problem solver, resulting in the specific handling of the
task.

6.5 Cognitive Load and Design Problems

Whenever possible, the brain defaults to the least cognitive taxing process possible and only fully
engages if all else fail{Stanovich, 2009) However, it is in the designer's interest to maximise the creative
potential of a problem and consider as much of the design space as possibl€hristensen & Ball, 2018)
This is indicated by designers' tendency to approach wetlefined problems as if they were wicked
(Cross, 2001)and Sun et al.'s (2014findings showing that experienced designers expend more cognitive
effort than novices on the same taskSun et al. (2014 nlso found that the experienced designers were
more feognitive efficientkthan the less experienced designers, meaning they spent relatively little
cognitive effort to achieve the quality of their proposed solutions. They suggest that the additional effort
expended by the experienced designers is the result of them identifyimgore relevant aspects of the
design space. This is related to the problem and how it is framed.

6.5.1 Exploring the Design Space

A problem frame defines the nature of a design problem and points towards how the problem can be
resolved (Dorst, 2011; Rittel & Webber, 1973Dorst (2011)identified two levels of problem frames: one
requiring abduction-1 problem-solving and one requiring abductior2 problem-solving. The first level
relates to problems where both the nature of the design space and the wanted outcome have been
defined (Dorst, 2011) Solving a problem following an abductionl approach indicates an acceptance of
the problem frame and might be an expression of what can be called a 'business-usual' approach and
a biased understanding of the problem space. Framing a problem space ttsame way, again and again,
is less cognitively taxing and allows for the aggregation of high levels of domain knowledge. However, it
also runs the risk of oversimplifying the design space, overlooking, excluding or ignoring essential
components. As the sayng goes:Hf the only tool you have is a hammer, it is tempting to treat everything
as if it were a nait(Maslow, 1966, p. x)

To avoid the preconceived framing of a problem, designers will challenge assumptions and, as a result,
transform abduction-1 problems into abduction-2 problems. In abduction2 problems, only the wanted
outcome is defined, allowing designers to experiment vth different framings and explore a broader range
of solutions (Dorst, 2011) Following the tools metaphor, abductior2 problems do not define the tool to
be used and, therefore, let the designers figure out if the nail really is a nail or perhaps a screw.
Furthermore, the broader exploration of the design space allows designers develop a deeper
understanding of the problem, potentially leading to a more fundamental reframing of it. It could, for
example, be that the problem really is not about driving the nail or screw into a wall but about hanging
something on the wall, openirg up a whole new class of solutions. Opening the design space up
essentially allows designers to reintroduce creative potential into the design space.

The 'closed' framing of abductionl problems can be seen as an oveconstraint problem (see Onarheim
& Biskjaer, 2017) The more constrained a design problem is, the less wiggle room and creative potential
remain (Christensen & Ball, 2018)

Consequently, solving abduction2 problems is more cognitively taxing. Rather than working within a
narrow design space, abduction2 problems require the caevolution of problem and solution(Dorst,

2011, 2015)and, as such, the retention of parallel lines of thoughf{Lawson & Dorst, 2009) Furthermore,
the more of a design space included in the framing, the more complex the problem space becomes,
adding additional cognitive load to the design process. However, while increasing the cognitive load, this
B H 1 1J ¢fifsopPproach minimises commitment and optimises design time and efforé(Cross, 2001, p.
94).

Through the explorations of the design space and playing around with ideas, potential frames, and
solutions, designers eventually find an appropriate framingDorst, 2015) transforming the problem back
into an abduction-1 problem, to which a solution can be defined and optimisedDorst, 2011) In other
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words, solving problems like a designer has as much to do with reframing problems as it has with
generating solutions(Dorst, 2015)

6.5.2 Potential Load

Designers' tendency to open up the design space presents a challenge for the theories on cognitive load
presented above. Research into cognitive load generally assumes that the taskload is stable. Having
taskload as constant allows them to ascribe any di#frences in performance between individuals to
ineffective problem-solving strategies. From this, it also follows that a lower cognitive load on a task must
be the result of improved effectiveness and, therefore, also leads to increased performance. We s#@s
supported by Redifer et al. (2019and Zimmerer & Matthiesen (2021)who both find increased
performance due to less cognitive load.

However, as seen above, design problems are malleable by their very nature. Design problems are often
categorised as wicked problems. Wicked problems defy definition, are interconnected, essentially
unique, and have no stopping rules since they have multip solutions, none of which is definitively

correct (Rittel & Webber, 1973)Having multiple potential and appropriate solutions, the same problem
can be framed in many ways, all imposing different levels of taskload. When designers reframe a
problem, they go beyond the initial constraints and effectively add cognitive load to ¢éhtaskload, not
strictly speaking necessary to solve the task. The intentional broadening of the design space is essential
for the designer to ensure the best possible solution that is within their capacity to generate.
Consequently, due to this intentiond broadening of the design space, design expertise seems to prompt
higher cognitive load despite reducing ineffective loaqsee Sun et al., 2014)

Because this added cognitive load leads to better performance, it can neither be classified as extraneous
load because removing it would result in a poorer design outcome nor does it fit neatly into the category
of ineffective load since the added cognitie load is not the result of ineffective strategies or lack of
training. Consequently, while informed by the problem solver's understanding of the design space, the
added cognitive load is inherently part of the taskload and thus directly related to effectt load. We have
called this cognitive load associated with challenging and expanding a problem space 'Potential load'
(seeFigure6-2). It is the cognitive load actively added to the taskload by reframing to expand the design
space and enhance the creative potential and quality of an output on a design task.
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FIGURE 6-2: MODEL OF COGNITIVE LOAD INCLUDING POTENTIAL LOAD, SHOWING THE RELATIONSHIP BETWEEN TASKLOAD
(+EXTRANEOUS LOAD, POTENTIAL LOAD), COGNITIVE LOAD (+EFFECTIVE LOAD, INEFFECTIVE LOAD (+MANAGEMENT LOAD)),
DISTRACTIONS (+SECONDARY TASK, ENVIRONMENT) AND EXPERTISE (+DOMAIN KNOWLEDGE, PROCEDURAL KNOWLEDGE).
The addition of potential load to the model of cognitive load (seEigure6-2) also means that taskload
cannot be seen as a constant when researching cognitive load in relation to design problems. Some
measure of the differences in the framing of design space is needed to compare results across
individuals.

6.6 Cognitive Load and Design Problems

A central source of cognitive load is the complexity of a problertBweller et al., 2019) As such, the initial
framing of a problem significantly influences the cognitive load imposed by a design task and how a
designer will ultimately approach the problem. As we have seen, an essential part of an effective design
process is the exploration and expansion of the design space. However, exploring the design space
requires available cognitive resources.

As problems become more complex, they take up more cognitive capacity, eventually exceeding its limits
(seeFigure6-3). On relatively simple tasky compared to the ability and expertise of the designsr
increasing the taskload constitutes little challenge. An inclination to add to the taskload in such

situations likely comes down to engagement and motivation. However, asdw theory and the Yerkes
Dodson law tell us, even when not especially motivated, an individual might enrich the taskload just to
make the task more enjoyable. Combined with the benefits of expanding the design space, this gives us a
way to explain designes' tendency to approach weltdefined problems as if they were wicked. Simply

put, they have both the incentive and the cognitive capacity to increase the design space and, thus, the
complexity and cognitive load required to solve the design problem.
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FIGURE 6-3: PROBLEM AND COGNITIVE LOAD, SHOWING THAT COGNITIVE LOAD INCREASES AS A PROBLEM BECOMES MORE COMPLEX
AND EVENTUALLY EXCEEDS COGNITIVE CAPACITY.
As the complexity of the core task increases, exploring the design space becomes more challenging. As
we near the limits of cognitive capacity, increasing the potential load might result in cognitive overload,
hampering performance on the design taskSweller, 1988, 2023) Cognitive overload reduces
information retention, slows processing, and increases errors. To balance the benefits of expanding the
design space and avoid cognitive overload, designers need to balance divergent and convergent design
activities, as famously illustrated in the double-diamond representation of the design procesgDesign
Council, 2003).

One essential process of balancing cognitive load is the process of framing and reframing. As suggested
earlier, abduction-1 problems are less cognitively taxing. Reframing an abductie# problem as an
abduction-1 problem, thus, reduces the taskload, helpng to reduce cognitive load. By defining the ‘how'
of achieving the desired value, the immediate design space is decreased, freeing up cognitive capacity to
explore the design space further and potentially inspire new framings. This can be done repeatedly,
experimenting with different framings and solutions to achieve the desired value. Essentially, exploring
different framings one at a time breaks down the problem into smaller manageable pieces and isolates
aspects of the problem spacey reducing cognitive bad further (Sweller, 2023) Counter-intuitively,
narrowing the design space can, thus, lead to further exploration and expansion of the design space and
reopening of the problem space by reframing the problem as an abductieB problem. Through the lens

of cognitive load, the core @sign activity of framing and reframing can, thus, be seen as a strategy for
balancing cognitive load.Cash et al. (2023present a similar idea, but rather than being driven by
cognitive capacity, they suggest that the framing and reframing process is driven by balancing perceived
uncertainty.

Ultimately, managing problem complexity is a tradeoff between enhancing the creative potential and
keeping the problem manageable. While reducing problem complexity will likely always be necessary
when working on wicked problems, the theories on cognitiveoad tell us that there are other ways to free
up cognitive resources, e.g. by training and welllesigned instructions. The following section outlines the
role of design methods in doing so.

6.7 Design Methods and Strategies

Design methods arefg WNn Y1 G ¢ G Rt IT W WGI 3t WUgqée qRYUWY nwWe Wl 3t RNUWE HaqF
support designer to (learn how to) achieve a certain goal, in relation to certain circumstances and

resources availablek(Daalhuizen et al., 2019, p. 37)Investigating design methods through the lens of

cognitive load allows for a more nuanced understanding of how these methods impact the design

process. By recognising the interaction between cognitive load, expertise, and method, design methods

can be improved to improve design performance, as we see suggested by Cognitive Load Theory and the

work related to instructional design(see Sweller et al., 2019)It adds valuable dimensions to design
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methodology, emphasising not just problemsolving and quality of output but also cognitive load
management, contributing to potentially more efficient and creative design processes.

Design methodology generally helps to break the design process down into smaller pieces. It helps break
down a complex design process into more actionable steps, which can be split further into activities and
actions (see Cash & Kreye, 2017)ndividual methods with specific procedures and goals help designers
focus on specific aspects of both the design process and the design spaddansoori et al., 2023y all in
line with strategies for minimising cognitive loadSweller et al., 2019) Furthermore, many design

methods and strategies include some level of externalisation of knowledge in the form of an information
artefact, be it diagrams, flowcharts, sketches, sticky notes, or prototypeg¢Daalhuizen & Cash, 2021)

Such cognitive offloading helps further reduce the cognitive load of solving design problem@®ilda &

Gero, 2007; Boldt & Gilbert, 2019)In helping to reduce cognitive load, design methods have the potential
to facilitate the addition of more potential load and optimise performance.

Sweller (2023)emphasises that instructions can substitute procedural knowledge where this is lacking.
Procedural knowledge refers to the knowledge about the processes, techniques, and methods involved
in performing specific tasks. It is related to the taskspecific expertise mentioned earlier and is the
knowledge laying the foundation for the automation processes. While training helps reduce cognitive
load, providing tools and strategies to solve problems efficiently and frame them appropriately might
make it possible for people with limited training to handle situations they otherwise could not. As
expertise and procedural knowledge grow, the formalised design methods ideally become replaced by
internalised strategies in a more heuristic formDaalhuizen & Hjartarson, 2022; Lavrsen et al., 2022)
reducing the cognitive load associated with employing the strategie@Chandler, 1993; Paas & Van
Merriénboer, 1994; Sweller et al., 2019)As such, design methods play a central role in developing design
expertise and reducing ineffective load.

For methods to be effective, they must result in a net reduction of cognitive load compared to what it
would otherwise require to achieve similar resultSweller et al., 2019) Here, the manifestation of the
method and the method content become central(see Daalhuizen & Cash, 2021)Jsing a method should
be seen as a secondary task in relation to the primary task of solving the design problem and can, as
such, be seen as a distraction (seéigure6-2). Any extraneous load imposed by poor method design not
only takes up resources for the primary task but also runs the risk of making the method unviable as a
tool for reducing cognitive load.

The relatively low method uptake in the industryLavrsen et al., 2022; Wallace, 20113nd why new
methods are often sought out in response to new or challenging problem&ericke et al., 2016;
Schgnheyder & Nordby, 2018yould potentially be related to methods failing to achieve a net reduction

of cognitive load. Finding and staging a method is timeonsuming and likely cognitive taxingdsee Lavrsen
et al., 2022) For sourcing a method to be a viable option when up against a specifically challenging
problem, the cognitive load of solving the problem adequately without a method needs to be significantly
higher than the cognitive effort required to obtain, implemenand solve the problem with a method.

Consequently, the lens of cognitive load also offers an additional criterion for assessing the quality of
design methods. Design methods should improve cognitive efficiency, meaning that the relative effort
spent in relation to the quality of the solutionshould be lower when using a method than not. Failing to do
so, the method fails to generate a net reduction of cognitive load.

The design of methods also plays a significant role in securing a method (ee Daalhuizen & Cash,
2021; Mansoori et al., 2023)If a method does not provide sufficient information, it can result in a misfit
between the method and both the method user and the context of use, leading to ineffective method
usage (Mansoori et al., 2023) What is considered sufficient information is dependent on expertise. If an
individual has a large amount of relevant domain and procedural knowledge, we would expect a lower
cognitive load associated with method usage since staging the method appropriagin the context
should be more straightforward. Here, domain knowledge is defined in relation to the context in which
the problem is situated (the design space) rather than the domain of the design profession. If either
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domain or procedural knowledge is insufficient to compensate for the lack of information the method
provides, a misfit error is likely to occu(Mansoori et al., 2023) resulting in poorer outcomes if not
compensated by additional cognitive effort.

Interestingly, poor method fit, due to procedural knowledge without domain knowledge or to avoid the
additional cognitive load of finding and learning to use another method, could potentially mean a lower
cognitive load on a specific task while increasingt on the overall design task. In other words, using a
familiar yet not appropriate method might limit cognitive load in the moment but require additional
cognitive resources down the line to compensate for insufficiencies of the method output. Similarly,
choosing to use a more heuristic method over a more systematic and cognitively demanding method
could reduce cognitive load at the moment but increase it at other points in the process. The point is that
short-term gains do not necessarily improve performace.

Ultimately, poor method design results in increased ineffective load. Cognitive Load Theory, with its roots
in instructional design, can provide rich insights into how to reduce the extraneous load imposed by
design methods and help improve method performace.

6.8 Conclusion

In line with good theorybuilding (Wacker, 1998) this paper outlines a conceptual model, defining and
describing core concepts and relationships between cognitive load and design, shedding light on the
ways designers balance cognitive resources in the design process.

Starting from the observation that designers tend to approach welllefined problems as if wicked and the
findings of Sun et al. (2014)we explored the potential of the theories on cognitive load to illuminate the
core design activities of framing and reframing. Through an understanding of cognitive load and its
management, this work challenges the conventional wisdom of minimising cogtive load to enhance
performance. Instead, it emphasises that designers intentionally add complexity to problems in certain
situations to boost creativity, leading us to introducepotential load into our framework (seeFigure6-2).
Moreover, we have outlined how design methods help manageand especially reducey cognitive load,
freeing up cognitive capacity to enhance creative potential.

In identifyingpotential load, we provide a possible explanation for the discrepancies between the

research related to cognitive load within design. The continued framing and reframing of the design
space, changing the complexity and taskload of the task, obscure traditional performate measures.

Two individuals acting in response to the same design brief might very well be solving two very different
problems in terms of scope and complexity. Only relying on measures of cognitive load might obscure

the effectiveness of design methods, strategies or expertise, as we have shown that adding cognitive load
can be a strategy for developing highequality solutions. Therefore, when studying the cognitive load of
designers, it is necessary to capture a level of pential load, e.g., by obtaining a measure of the
complexity of the design space informing each solution, or at least measuring their cognitive efficiency,

to compare relative performance.

As we venture forward, it is clear that balancing cognitive load in design is a multifaceted endeavour, rich
with possibilities and challenges, of which we have only scratched the surface. As measurable
constructs, cognitive load and cognitive efficiency en up for research into how designers are

influenced by, e.g., design contexts, problems, and methods. Following the framework, research into
how design methods influence cognitive efficiency could, for example, pave the way for the evaluation
and potential validation of the efficiency of design methods.

Understanding the cognitive processes of designing is not only a step towards advancing design research
but also holds the potential to enhance design practice. Viewing design practice through the lens of
cognitive load also offers an opportunity to extencdiwareness and take metacognitive control of the
process of balancing cognitive load. A heightened awareness of cognitive limitations and strategies for
managing cognitive load can potentially equip designers with the tools to be more purposeful in applgn
design methods and techniques, empowering them to deploy tactics and strategies more effectively and
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strategically. Such insight could lead to improvements in design education and open another avenue for
future research.

While this paper does not offer an irdepth theoretical integration, it has laid the foundation for future
research to explore these concepts. Future research should include a more systematic and thorough
literature review to continue the analytical theorybuilding and solidify the current observations and
conclusions. Likewise, further research is necessary to develop, empirically test, and validate the
conceptual model's internal consistency (see Wacker, 1998)
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cognitive load is limited, a pilot study was conducted to test the theoretical framing of method usag
and the influence on cognitive efficiency of using more systematic versus heuristic methods on

concept development task. We calculated cognitive efficiency across four measures of performance
44 master students were split between three conditions, and the differences weranalysed using

ANCOVAs. The free choice of approach (Condition 3) outperformed the systematic and heurist
methods. While the small sample size means that only tentative conclusions can be drawn, the resuli
provide central insights for understanding method usagéhrough the lens of cognitive efficiency and the
study of it in design research.

Keywords: Design methods, Cognitive Efficiency, Concept development, Heuristics, Systematic
design
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7.1 Introduction

Over the last decades, designers and design methodologies have increasingly been called on to solve
still more complex problems (R. Buchanan, 2001; Van Der Bigrouwer & Dorst, 2017)As the reliance on
design methods becomes more pronounced and the outcome of design processes more consequential,
the need for quality methods has never been highéCash, Daalhuizen, et al., 2023)However, our
understanding of how design methods deliver results is still limiteqDaalhuizen & Cash, 2021)

While much design research and assessment of method performance has focused on the quality of

design output, theinteraction between designer and methods is potentially more significan(Cash,

Daalhuizen, et al., 2023; Daalhuizen et al., 2014; Dorst, 2008pefining design methods as mental tools

(Daalhuizen et al., 2019)it becomes apparent that they should help designers improve their cognitive

performance on design tasks. Designers interpret method§Daalhuizen et al., 2014; Daalhuizen & Cash,

2021), evaluate their affordance in specific contextqNewstetter, 1998) and implement them. Thus,

TWHRNUOWIt kWRUqUI ¢HqRY U Ws Ra 6 WG 1J ¢péathlizenl2004) W Wt 13! W2 ¢l ReF

Putting the designer in focus, this pilot study tests an experiment to investigate hogognitive efficiencyis
influenced by using more systematic or heuristic methods to support initial concept development.
Cognitive efficiency is based on the relationship between mental effort and task performand@aas &

Van Merriénboer, 1993)In piloting the experiment, we investigate four different measures of
performance: three selfassessed measures related to the perceived novelty, usefulness and

satisfaction with the solution and one raterassessed related to how well the design problentas been
solved. As a measure, cognitive efficiency allows us to investigate the effectiveness of design methods in
terms of both the output-based performance and the cognitive load induced by its use. By reducing
cognitive load, designers can free up capaity for other activities, improve task performance, or achieve
the same output with less mental effort.

The contribution of this paper is threefold. Firstly, it adds to the integration of Cognitive Load Theory with
studies of method usage in design. Secondly, the results of our analysis provide tentative insight into the
relationship between method usage andcognitive efficiency and, thus, take thefirst step towards
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identifying mechanisms of managing cognitive load in the increasingly complex challenges designers are
called to address. While not conclusive, these trends give insight into an underexplored area of design
research. Lastly, by presenting the learnings from this pilot study, we pave the way for better study
designs on the influence of design methods on cognitive efficiency. In identifying shortcomings of the
chosen measures and overall study setup, we expand on the theoreticahderstanding of cognitive loal
and the variables at play concerning method usage, allowing us to suggest improvements for future
studies.

7.2 Theoretical Background

7.2.1 Cognitive Load and Design

At the core of designing are cognitive processes that involve, among other aspects, creative thinking,
problem-solving, and decisionrmaking (Cross, 2001; Finke et al., 1992; Hay et al., 2017All design
activities build on these fundamental cognitive processes and are essentially the accumulation of
cognitive and behavioural actions to achieve a design goéBedny & Harris, 2005; Cash & Kreye, 2017,
2018). As a cognitive activity, designing adds to the Cognitive Load of the desigrieavrsen & Daalhuizen,
2024). Cognitive Load is the strain on cognitive resources when processing information and solving
problems (Sweller, 1988; Sweller et al., 2019)it is based on the limited ability to keep relevant
information and representations activated and focused in working memoryHambrick & Engle, 2003;
Stanovich, 2009; Sweller et al., 2019)

Similar to design performance generally, Cognitive Load depends on the specific activity, context, and
individual (Paas & Van Merriénboer, 1994Jactors like the complexity of the activity or the information
needed to be processed, task novelty, time pressure, extreme temperatures, and distractions like noise
can increase Cognitive LoadHancock et al., 2021; Paas & Van Merriénboer, 1994 owever, the
Cognitive Load experienced by individuals is ultimately subjective and determined by their cognitive
capability, knowledge, experience, and familiarity with the activitfPaas & Van Merriénboer, 1994)

7.2.2 Cognitive Efficiency

Cognitive efficiency refers to the optimalutilisation of mental resources to achieve desired outcomes
while minimising cognitive load(Paas & Van Merriénboer, 1993An approach is considered efficient if it
results in better performance than what would be expected based on the cognitive effort expended
and/or if the expended cognitive effort is lower than might be expected based on the performan{@aas
& Van Merriénboer, 1993)Training is the primary way to improve Cognitive efficien¢Zhandler, 1993;
Paas & Van Merriénboer, 1994; Sweller et al., 201Bxperience improves knowledge structures and
makes information processing more efficient(Miller, 1956; Sweller et al., 2019)

Expert designers have been found to structure and organise their cognitive actions more efficiently than
novice designers, allowing them to manage and process information more effectively, resulting in higher
productivity and better performance in design asks (Kavakli & Gero, 2002)Similarly, Sun et al. (2014)
found that experienced designers are more cognitively efficient than less experienced ones. Moreover,
experienced designers deliberately open up the design space, reporting higher levels of Cognitive Load
while still outperforming less experienced designes (Sun et al., 2014)

7.2.3 Design Methods and Cognitive Load

As mental tools, design methods scaffold design activities and support learninfAndreasen, 2003;
Daalhuizen et al., 2019; Jones, 1992; Royalty, 2018hereby reducing ineffective load introduced by
insufficient knowledge structures and problemsolving strategies(see Xie & Salvendy, 2000)n lieu of
training, instructions can, to some extent, stand in for experiencéSweller, 2023) However, for a method

to be helpful, the added cognitive load of using it should be offset by a decreased ineffective load or a
significant improvement in the output quality(Paas & Van Merriénboer, 1993Pesign methods ought to

be cognitively efficient as the effort to learn and use a method requires cognitive resources besides those
dedicated to the main design task. Using a method should be considered a secondary task, diverting
resources away from themain design task(Lavrsen & Daalhuizen, 2024) at least until the designer has
internalised the method (see Daalhuizen, 2014)
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Consequently, the effective cognitive loadrequired to use a method should be as little as possible.
Effective cognitive loadis the minimal amount of cognitive load required to handle a task under ideal
circumstances (Xie & Salvendy, 2000)As such, no amount of training can remove it since it is inherent to
the task itself. Part of theeffective load introduced into the use of a design method might be ascribed to
the design and structure of the method conten{see Daalhuizen & Cash, 2021 However, in this study,

we primarily focus on the underlying mechanisms of systematic versus heuristic approaches and how
these influence cognitive efficiency.

/.2.4 Systematic versus Heuristic Design Methods

Design methods can be placed on a spectrum ranging from systematic to heurist{®aalhuizen, 2014)
Methods can thus be categorised based on the amount of information they prescribe to be processed for
a task, with more systematic methods aiming to process as much information as possible and heuristic
methods limiting the amount of information needed b be processed(Daalhuizen et al., 2014) This
difference also reflects that heuristic methods rely more on intuition and expertise and accept
satisfactory results, while systematic methods tend towards more deliberate processes aimed at

optimal results (Daalhuizen et al., 2014)Both types of methods provide prompts for information
processing, aiming to guide the cognitive process of their user®aalhuizen et al., 2014)

Traditionally, design research has emphasised the development of systematic methods to pursue
optimal design processes and practices, as in the case dPahl et al. (2007) Systematic methods tend to
include more systematic and algorithmic procedures(Cross, 2008) They are often hierarchica(Bender &
Blessing, 2004) top-down, and prescriptive(Guindon, 1990) They aim to formalise best practices,
manage complexity, facilitate teamwork, and limit mistakes in the design process and failures of
products (Cross, 2008; Daalhuizen, 2014)However, the emphasis on logical reasoning in systematic
methods prompts a problemn Y Ha t T We GGl Y¢HOEWet RUWqVY Waqdé WWht #RRIJUgRNRH
approach characteristic of designers(Cross, 2008; Dorst, 2011; Lawson, 2010} urthermore, systematic
methods tend to be challenging to use in realorld situations (Schgnheyder & Nordby, 20183nd

seldom reflect how designers really worKBender & Blessing, 2004; Cross, 2008; Jensen & Andreasen,
2010).

On the other hand, heuristic methods rely on more generalised rules of thumb. They tend to ignore
information wilfully to achieve cognitive efficient processes(Daalhuizen, 2014; Gigerenzer & Brighton,
2009), and can generally be seen as cognitive shortcutgrilmaz & Seifert, 2011)Using heuristics for
design has been found to be an effective way of increasing performance in design activities among
novices (Yilmaz et al., 2010)Gigerenzer and Brighton (2009ighlight that heuristics produce better
predictions than inductive algorithmic approaches when the sample size ismall, and the criterion is
uncertain. The lessis-more strategy does so by reducing the variance in decisiemaking (Gigerenzer &
Brighton, 2009)

Consequently, systematic methods introduce a higher cognitive load in the hope of improving
performance. To achieve cognitive efficiency, the use of a systematic method thus has to improve
performance more than the use of it increases cognitive load. Convsely, heuristic methods aim to
achieve cognitive efficiency by minimising the information processing needed without a corresponding
reduction in performance.

7.3 Hypotheses
Based on the above, weypothesise that:
H1: Cognitive load is higher when using a systematic method over a heuristic method.

H2: Time spent on the design task will be higher when using a systematic method over a het
method.

H3: Performance on the task will behigher when using a systeratic method over a heuristic
method.
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H4: Cognitive Efficiency will be higher when using a heuristic method over a systetic
method.

H5: Cognitive Efficiency will be higher when using a preferred approach over using a
systematic or heuristic method.

Because theyrely on processing more information, we hypothesise thatising a systematic method
(Condition 1)will result in a higher cognitive load than using a heuristic method (Condition 2) (H1).
Similarly, we hypothesise that Condition 1 will require more time than Condition 2 (H2) and that this
additional time will increase performance (H3). Despite increasd performance due to timeon-task, we
hypothesise that the heuristic method will result in higher cognitive efficiency, assuming that the
systematic method will not increase the performance enough to counteract the added cognitive load
(H4).

Considering the expertise level of the participants, we also hypothesise that following either of the
prescribed methods will be less cognitively efficient than following whatever approach the participant
prefers (Condition 3) (H5). Té underlying assumption being that, as trained designers, the participants
have internalised appropriate design approaches and cognitive strategies that allow them to perform
cognitively efficiently on the design task of this study, meaning that followinthe prescribed methods
becomes a secondary task, redirecting cognitive resources from the primary task of concept
development (Lavrsen & Daalhuizen, 2024; Xie & Salvendy, 2000)

7.4 Method

Given the complexity of both the phenomenon of method usagéaalhuizen, 2014) the mechanisms
through which creative activities influence cognitive loadSweller, 2023; Sweller et al., 2019)he limited
understanding of how design methods interact with their user¢Daalhuizen & Cash, 2021)and the
limited research on cognitive load in relation to designers and their activities, we conducted the study not
only to test the hypotheses or refine the study design but also to identify potential gaps in both the
methodology and theory. As an ingument of inquiry, a pilot study can help uncover patterns, generate
new hypotheses, and develop a more nuanced understanding of the relationships between method
usage and design performance. As such, the study should be evaluated not only on its abilityytield
statistically significant results but also on the learning and theoretical insights it provides to this
emerging field of study.

7.4.1 Study Design

To test our hypothesis, we employed an experiment following an independent, singi@nonymized,

single-factor, three-level experiment design, testing the influence of the three different conditions of the

independent variable on the dependent variables. Thsingle factor under investigation in this study is the

q! GUWYnWl 3t RNDUOWG a6 YT Weigudz-WAThiskacidraslinvdstigdied thiugh tReéeH G 1J & LWR C
conditions representing different design approaches with varying levels of specified instructions and

systematicity, allowing for a precise and controlled examination of the effect of the independent variable

on the dependent variable, as shown irFigure7-1. Being conducted under singleanonymized

conditions, the participants were unaware of which condition they were assigned to, minimising potential

biases in their responses.
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Condition 1:
Systematic method

Independent variable:

Condition 2: Dependent variable:
Heuristic method Cognitive Efficiency

Type of design >
method

Condition 3:
Control group

FIGURE 7-1: EXPERIMENTAL DESIGN, INDICATING THE INDEPENDENT VARIABLE (TYPE OF METHOD USED), THE THREE CONDITIONS
(USING A SYSTEMATIC METHOD, USING A HEURISTIC METHOD, AND FOLLOWING ONE'S OWN PREFERENCE), AND THAT THEY ARE
EXPECTED TO INFLUENCE THE DEPENDENT VARIABLE (COGNITIVE EFFICIENCY).

7.4.2 The Independent Variable: Types of Design Methods

To test our hypotheses, three conditions were devised. Conditions 1 and 2 were based on two methods
placed on different ends of the systematicto-heuristic-spectrum, previously used and described by
Daalhuizen et al. (2014)Condition 3 has been included to establish a baseline against which the effects
of the two other conditions can be evaluated

7.4.3 Condition 1: Systematic Method

In condition 1, participants were introduced to and asked to use thenorphological analysismethod.

Morphological analysisbreaks down an overall idea into sukfunctions for each of which alternative

solutions ideas are then generated reflecting the emphasis on logically deriving specifications from the

design problems and analytically evaluating potential solutions characteistic of systematic design

methods (Cross, 2008) The method aims to support systematically generating many novel solutions by

combining the ideas for solving the sukfunctions. As solutions are generated for the sukproblems, the

number of combinations and, thus, potential solutions increase exponentidly (van Boeijen et al., 202Q)

However, using the method effectively requires substantial mental effort and discipline, and even so,

g6l WWRt WOYWNeac¢l ¢cUqPUUWYNWeHSERW2RUN WS WG N6 VYT k4t WNYeadl

7.4.4 Condition 2: Heuristic Method

In condition 2, participants were introduced to and asked to use four heuristigs Primary Generator
Conjecture-analysis, Iteration, and Satisficingy strung together to a general process for concept
development. ThePrimary generatorsuggests starting the design process with the most salient
problem/sub-problem (Daalhuizen et al., 2014; Darke, 1979 onjecture-analysis prompts a reduction of
the design space by essentially framing it by proposing a potential solution and exploring the design
space through that lens(Hillier et al., 1972) Iteration prompts the continuous revision of prior decisions
as the understanding of the design space and its opportunities evoly@&dams & Atman, 1999)Lastly,
Satisficingfunctions as a completion criterion. Satisficingt 2 DNt qt WhesdYVYt aRUNeWn Yl WNYY
t YieqRYUt WRUt q lJ@SimbnyYT9986,Y G a9Rnd stéphirk thi dlegigh process when a solution
meets the design objectives to avoid spending unnecessary time trying to determine if it is the optimal
one (Simon, 1996) As such, this method relies on intuition and experience to minimise the information
processed while exploring the design space, aiming to reduce cognitive load while still arriving at a
satisfying solution.

7.4.5 Condition 3: Control

In condition 3, participants were prompted to choose whatever strategies, heuristics, or design methods

q6 1! WiRt WT WaqYW YG2UWaqdé Wl Wt RNUWgct t 9IRS R A dUll s ¢Lic M R0E # EliRiI:
study. In this condition, participants are introduced to the same heuristics and core mechanisms at play

in Conditions 1 and 2; however, unlike im R T G ¢ A LLUIJ g Bigdy, Héytwdiardivmiteidbto choose

73



Method over Madness

from these, but rather to choose whatever approach they preferred. While the intervention might prompt
some to use similar approaches as Conditions 1 and 2, the lack of prescribed methods or instructions on
how to use the underlying mechanisms should helps establish a baseline for Cognitive Efficiency when
embodied or familiar rather than prescribed methods are used.

7.4.6 The Dependent Variable: Cognitive Efficiency

We have chosen Cognitive Efficiency as our dependent variable. Cognitive Efficiency is a promising
measure for a more nuanced evaluation and investigation of how methods function and contribute to
design work. This is because it combines both task performrece, which is often used in the evaluation of
design methods, as well as the measure of Cognitive Load, which provides a measure of how cognitively
taxing a designer has experienced the design activity to be.

To measure Cognitive Efficiency (E), we follow the approach Baas and Van Merriénboer (1993)

following the formula: E = Zeerormance Wvientaieforte 0 A Z AWs 6 131 IJ WG WRY Wa 6 W qc¢ UT ¢1 T Rt T
and mental effort, respectively, calculated as theeffort scores (r) minus thegrand Mean(M), divided by

the standard deviation SD; Z = { T M\))/SD)). This calculational method gives us the relative condition
DnnRARVUA! Alls 6 RAGWh s Rt WT InRUDT Wet Waé 3WYHAL 131 2137 W JdceqfF
particular condition relative to a hypothetical baseline condition, in which each unit of inveted mental

BnnY!l qWidhe ¢ 0t WY U I BhadRR/grivéematiader) 1898, Ip.7 88bRB UK, if E=0, cognitive

efficiency aligns with the hypothetical baseline condition, where an increase in performance

corresponds to an equal increase ircognitive load. A negative score indicates that performance

increases less than cognitive load, pointing towards less cognitive efficiency, while a positive score

indicates that performance increases more than cognitive load, pointing towards higher cognitive

efficiency. Due to the way Cognitive Efficiency is calculated, it becomes negative when Cdtjwe Load

numerically is bigger than performance. Thus, a negative score might still indicate good Cognitive

Efficiency relative to alternative approaches to the same task. Cognitive Efficiency has previously been

used in relation to design research byun et al. (2014, 2015) and Sun & Yao (2012)

7.4.7 Measuring Cognitive Load
For this study, we employed the NASALX(Hart & Staveland, 1988NASA & Human Performance

Research Group, n.d.}o capture the experienced cognitive load associated with the three conditions.
The NASATLX is a multidimensional instrument measuring cognitive load based on six dimensions:
Mental demand, Physical demand, Temporal demand, Performance, Effort, and Fruation (Hart, 2006;
Hart & Staveland, 1988)and is by far the most used subjective measure of cognitive loggHancock et al.,
2021). In calculating the mental workload, the dimensions are individually weighted to control for
variations in understanding of the construct and the dimensions before being added and then divided by
15 to get the overall scorgsee Hart, 2006; Hart & Staveland, 1988; NASA & Human Performance
Research Group, n.d.) The NASATLX has the advantage of not interfering with the design process.
However, it does not necessarily capture the nuances of cognitive load throughout the process, as we
collected the data retrospectively.

7.4.8 Measuring Performance
In general terms, performance can be defined as the effectiveness by which a task is accomplished, as

measured by, e.g., qualityPaas & Van Merriénboer, 1993gfficiency, or accuracy(Hancock et al., 2021)
Due to the wickedness of design problems, they have no predefined, correct, or even optimal solution
(Lavrsen & Daalhuizen, 2024; Rittel & Webber, 1973yhich makes it challenging to measure

performance in terms of efficiency or accuracy. As we have no standards to rely on, we use and compare
four measures of performance in this pilot study. First, three seldssessed measures concerning the
participantsk WGIJI HIJR2 UT WUOY2Waq! We UT Wet Wnad Ut WYNWa6 IR W Y{:
solution, measured by a single item rated on a-point Linkert scale ranging from Disagree (1) to Agree
(7)(seeTable7-1). Second, one raterassessed measure of how well the proposed solution solved the
problems stated in the brief Resolution of Problenj. This approach was inspired bgun et al. (2014)and

is based on requirements derived from the design brieResolution of Problemwas assessed based on

four requirements (seeTable7-1), rated on a 7point Linkert scale going fronDisagree(1) toAgree(7), by

74



Article 1V: Cognitive Efficiency Using Heuristic vs Systematic Design Methods

the first author and an innovation consultant, both with experience assessing eargtage design ideas.
The scores for each requirement and rater were averaged to provide a single measure of how well the
problems presented in the brief had been resolved.

TABLE 7-1: THE PERFORMANCE MEASURES, THE ITEMS USED TO RATE THEM (ON A 7-POINT LINKERT SCALE), AND THE TYPE OF
ASSESSMENT

Type of
assessment Performance measures Items
Self-assessed Self-assessed Novelty My concept is NOVEL (original) compared to other existing solutions | know ¢

Self-assessed Usefulness My concept is USEFUL compared to other existing solutions | know of
Satisfaction with solution | am satisfied with the quality of my solution
Rater-assessed Resolution of Problem The solution is easy to carry
The solution enables impaired people tampen and lock their doors
The solution minimises the risk of losing keys
The solution limits the struggle to find the correct key

The interrater reliability was assessed based on the two independent raters' evaluation of a subset of 13

out of the 44 cases (30 %). The remaining cases were rated only by the first author. Given the small

sample size and the ordinal nature of thedatay | RGGIUT YI nnkt W 0 G6¢ Ws cratddH S Y 13U W
reliability. The interrater reliability,  U0l713, SE = 0.192, indicated an agreement acceptable for drawing

tentative conclusions (0.66 > <0.80; Krippendorff, 2004) which is sufficient for the purposes of a pilot

study like the one here.

7.4.9 Participants

Acl qRARGc Uqt Ws I YW WHI eRqUT Wn! YOWeWaGet qlI K+ WHY21 + 3WYL
University of Denmark (DTU). To be eligible for the course, students must have completed two courses in
entrepreneurship, design, innovation, product developnent, or project management, ensuring some

familiarity with concept development. Of the 52 participants, 44 completed the survey (response rate

85%). Table7-2 shows the demographic data and how the participants were split between the three

conditions.

TABLE 7-2: DEMOGRAPHIC DATA OF THE PARTICIPANTS AND THEIR SPLIT INTO THE CONDITIONS (NUMBER, AGE, GENDER,
EXPERIENCE)

Courses incl.

- Gender Practical experience
Participants Average age (female/male) concept (months)
development
Condition 1 (Systematic) 12 25.3 (SDb=1.87) 8/4 7.1 (SD=5.90) 6.7 SD=8.77)
Condition 2 (Heuristic) 16 25.2 (SD=2.43) 5/11 7.8 (SD=6.25) 9.8 SD=13.19)
Condition 3 (Control) 16 26.1 (SD=4.19) 719 4.4 (SD=4.18) 7.6 (SD=13.24)
Overall 44 25.5 (SD= 3.04) 20/24 6.4 (SD=5.56) 8.2 (SD=11.97)

/7.4.10 Procedure

The data was collected through an electronic survey as part of a lecture in the abovementioned course.
Participants were physically present in the classroom and were given a link, sending them randomly to
one of three versions of an online survey represeimy the three conditions with no knowledge of either
condition or the specific focus of the study. Following a funnelled debrief approach to reducéemand
characteristics (Eysenck, 2009) we limited the information revealed to the participants to what they
needed to know at each stage of the experiment. The survey was designed to guide them through the
experiment and collect data with no additional contact with the researchers, and as sut, secure
standardisation and limit experimenter bias.

After collecting consent for participation and being given general instructions about the procedure, the
participants were presented with their experimental condition, having the time to read and familiarise
themselves with the methods or, in the case oftie control group, read a general text about differences in
approaches to idea generation. Next, the participants were given a maximum of 40 minutes to read the
design brief and generate design concepts according to their assigned conditions. By introducitige
conditions before the design brief, the participants could not start generating solutions while
familiarising themselves with their method, thus ensuring similar time for concept development across
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the conditions regardless of prior experience with the method. We used a slightly adapted version of the

design brief presented byDaalhuizen et al. (2014 s 6 RES Wet t WT WGe |l qRARGe Uqt Wa Y WHI
q¢c UNRAGWWG! YT eAqgéc qlUs la Gt WY i T (DhalbiGzenYeCal, 12a04, p. G53)a 13 WwWe UT W
All participants were provided with blank A3size sheets of paper to help facilitate the concept

development. Directly following the completion of the design task, the participant filled in the NASALX.

Afterward, the participants were given ten minuteso describe their concepts in more detail. The time

limit was set to reduce any concept development prompted by the survey questions rather than the

conditions. Similarly, it was placed after the NASAILX to avoid influencing the measure of cognitive load

related to the experimental conditions. Lastly, demographic data and additional information were

gathered to assess the influence of potential confounding variables.

7.5 Data Analysis and Results

Forty-four entries were included for analysis. Eight incomplete entries were removed from the dataset.
Next, the Resolution of Problemwas rated, and the Cognitive Efficiency scores were calculated based on
the four performance measures.

The data is generally normally distributed (Shapird R @ f§ >.05)MWhen considered separately for the
three conditions. The exceptions are the control condition (C3) foWeighted NASATLX(Shapiro-Wilk's p

= 0.010) andSelf-assessed Novelty(Shapiro-Wilk's p = 0.039) and the use of the heuristic method (C2) for
Cognitive Efficiency(Resolution of Problem;Shapiro-Wilk's p = 0.042). The data are visually represented
in Figure7-2, showing the boxplots for each dependent variable across the three conditions.

FIGURE 7-2: BOXPLOTS FOR EACH DEPENDENT VARIABLE SHOWING SCORES ACROSS THE THREE CONDITIONS

a) Cognitive load b) Time-on-Task (seconds)
7 2500 —
o
6-
2000 — 5
o
5
1500 - o
4
1000 — )
3
500 —
2
(=]
1 0
Morphological Heuristic method Control group Morphological Heuristic method Control group
Analysis (Condition 2) (Condition 3) Analysis (Condition 2) (Condition 3)
(Condition 1) (Condition 1)
c) Self-assessed Novelty d) Self-assessed Usefulness
74 7
6 - 5
5 5
49 4 of
34 34
2 P
1- 12
Morphological Heuristic method Control group Morphological Heuristic method Control group
Analysis (Condition 2) (Condition 3) Analysis (Condition 2) (Condition 3)
(Condition 1) (Condition 1)

76



Article 1V: Cognitive Efficiency Using Heuristic vs Systematic Design Methods
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7.5.1 Testing the Hypothesis (ANCOVAs)

Ten ANCOVAs, using different dependent variables, were conducted to test the hypothesis and evaluate

the differences between the three conditions. Three covariates feeling of having theNecessary skills

Familiarity with method, and Practical experiencey were included to control for experience and

familiarity with the task. Other covariates were tested but not included, as they had no significant

influence on any of the analyses. Assumptions test, testing for homogeneity, and normal distributions of
residuals were run for all analyses. The Homogeneity tests showed that the variance of the dependent

2¢1 RCHOINWRY WWhe ¢ G We H#I 6+ 0.08)qbmidtly thedrésiduwplR Welkt foiha xolbe 13 U 1IJk + LW
normally distributed based on visual assessment of the €Q plots. Consequently, we assessed the data

to be acceptable for the intended analysis.

7.5.2 Cognitive Load (H1)

As indicated byFigure7-2a, the scores on Cognitive load across the three conditions were very similar
(Condition 1: M=4.0, SD= 1.2; Condition 2:M = 3.9,SD= 1.1; Condition 3:M = 3.8,SD= 1.1), which is
also reflected in the ANCOVA, not finding any statistically significant difference ¢ .05) between them |
| MIO®Y Y A LW TeEOE B-B) HD M MOAN Botihg that the feeling of having thBlecessary skillshad a
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significant effect on cognitive load, suggesting that despite our attempts to ensure homogeneity in the
sample, levels of expertise might still influence our results generally.

TaBLE 7-3: ANCOVA - DIFFERENCES IN COGNITIVE LOAD ACROSS CONDITIONS (H1)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 0.030 2 0.015 0.013 0.988 <.001
Necessary skills 6.376 1 6.376 5.425 0.025* 0.099
Familiarity with method 0.164 1 0.164 0.140 0.710 <.001
Practical experience 0.139 1 0.139 0.119 0.732 <.001
Residuals 44.663 38 1.175

Note. Type Il Sum of Squares

*p <.05.

i 6RONVWaS WO e HE WY nWt q¢c qRt qRA¢C T W RNDURNRHAc U We U1 W6 1IWIIT
variation and, thus, provide insufficient evidence for either accepting or rejecting the hypothesis, the

results align with Hypothesis 1 with the useof morphological analysis(C1) inducing morecognitive load

than using the heuristic method (C2). The control group (C3) reported the lowest cognitive load,

supporting the idea that method usage is a secondary task requiring additional cognitive efforts A

indicated by the Post Hoc TestTable7-4), even when adjusted for the covariates, this pattern remains

the same.

TABLE 7-4: PosT Hoc TeST (STANDARD (LSD)) - DIFFERENCES IN CONDITIONS (COGNITIVE LOAD)

Mean Difference SE t Prukey
Control* Heuristic -0.049 0.391 -0.126 0.991
Control* Morphological -0.065 0.451 -0.145 0.988
Heuristic* Morphological -0.016 0.431 -0.037 0.999

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.5.3 Time-on-Task (H2)

Figure7-2b indicates that data aligns with Hypothesis 2, with more time spent on idea generation when
using themorphological analysis(C1: M =1395.833 s, or 23 min. 16 sSD= 472.960 s), than using the
heuristic method (C2:M=1180.688 s, or 19 min. 41 s$D= 679.663 s), and least time spent when not
being bound to use a specific method (C3M =990.250 s or 16 min. 30 sSD=763.002 9. The additional
time spent following a prescribed method compared to when not; again supports the idea that method
usage is a secondary task. However, the difference could also be an expressing of less effort used, which
also would align with the lower cognitive load reported above. It might also come down to different
methods engaging the method user for different amounts of time.

While the difference between the conditions is visually clearer than for cognitive load (sdggure7-2a

and b), the ANCOVA finds that the difference in time spent on the task is not statistically significapt=<

MIONNZ b Allc UT W6 W G¢dadWdnnlAqUt RAUDWe™E W WMIOMPP b WRY Wa Y Y
variance between them (se€Table 7-5). Similarly, none of the included covariatesnfluences the

difference significantly, which is why the relationship between the conditions remains the same after

adjusting the means (se€eTable 7-6).

TABLE 7-5: ANCOVA - DIFFERENCES IN TIME-ON-TASK ACROSS CONDITIONS (H2)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 1.875x10° 2 937476.745 2.279 0.116 0.055
Necessary skills 6910.475 1 6910.475 0.017 0.898 <.001
Familiarity with method 1.057x10® 1 1.057x10® 2.570 0.117 0.033
Practical experience 319314.181 1 319314.181 0.776 0.384 <.001
Residuals 1.563x10"7 38 411344.185

Note. Type Ill Sum of Squares
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TaBLE 7-6: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES IN CONDITIONS (TIME-ON-TASK)

Mean Difference SE t Prukey
Control Heuristic -235.041 231.268 -1.016 0.571
Control Morphological -569.634 266.821 -2.135 0.096
Heuristic Morphological -334.593 254.894 -1.313 0.397

Note. P-value adjusted for comparing a family of 3.

7.5.4 Performance (H3)
We analyse four different measures of performanceSelf-assessed Novelty, SeHassessed Usefulness,

Satisfaction with the solution, and Resolution of Problem

7.5.4.1 Self-assessed novelty (H3a)

As seen inFigure7-2c, Self-assessed Noveltywas scored highest when using the heuristic method (C2:
M=4.438, SD=1.672). This goes against Hypothesis 3, expecting using timeorphological analysis(C1.:
M=2.750, SD=1.658) to result in the best performance. Interestingly, the control group (C31=3.438,
SD=1.896) also outperforms the use of the morphological analysis (C1), indicating that the higher
cognitive loadand time-on-task resulting from using themorphological analysisdoes not translate into
performance or a highSelf-assessed Novelty to be more precise. As is the pattern for this pilatudy, the
ANCOVA Table7-7) finds that the difference between the three conditions is not statistically significant
(P! UMIOMTY AWTE WI WMKOMT T b O

TABLE 7-7: PosT Hoc TeST (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (PERFORMANCE (NOVELTY))

Mean Difference SE t Prukey
Control Heuristic* -1.053 0.652 -1.614 0.252
Control* Morphological 0.526 0.753 0.698 0.766
Heuristic* Morphological 1.578 0.719 2.195 0.085

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.5.4.2 Self-assessed usefulness (H3b)

While the difference is less pronouncedFigure7-2d suggests that the scores orBelf-assessed

usefulness across the three conditions is in alignment with Hypothesis 3. Usinmorphological analysis
(C1) resulted in a higher assessment of usefulnesd(= 5.583,SD= 1.165) than when using the heuristic
method, (C2:M = 5.375,SD= 1.258). However, when controlling for the covariates, using the heuristic
method ends up outperforming usingmorphological analysis(Adj.M LI LME2Nab7-9), suggesting
that Hypothesis 3 needs to be rejected. The control group (C8 = 5.625,SD= 0.957) outperformed both
of the other conditions. Similar to the above, the ideas generated might not actually be more useful. As a
self-assessed measure, it could just be that the different conditions influence how the participant
perceives the usefulress of an idea.

Once again, the differences are not statistically significant and with no measurable effect according to
the ANCOVAgl WLUMIOZ = P 6 LU~ ETHbie B8N deBLiGgLtHatldnd Hlignment with the hypothesis
might be a coincidence due to random variation. However, the feeling of having had thecessary skills
is again having a significant effect on the assessment of usefulness.

TaBLE 7-8: ANCOVA - DIFFERENCES IN PERFORMANCE (USEFULNESS) ACROSS CONDITIONS (H3B)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 0.875 2 0.437 0.412 0.665 <.001
Necessary skills 11.611 1 11.611 10.932 0.002* 0.188
Familiarity with method 1.601 1 1.601 1.507 0.227 0.010
Practical experience 0.671 1 0.671 0.631 0.432 <.001
Residuals 40.363 38 1.062

Note. Type Ill Sum of Squares

*p <.05.

79



Method over Madness

TaBLE 7-9: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (PERFORMANCE (USEFULNESS))

Mean Difference SE t Prukey
Control* Heuristic 0.301 0.372 0.811 0.699
Control* Morphological 0.321 0.429 0.749 0.736
Heuristic* Morphological 0.020 0.410 0.049 0.999

Note. P-value adjusted for comparing a family of 3
* pest performing condition

7.5.4.3 Satisfaction with the solution (H3c)

Figure7-2e shows thatSatisfaction with the solutionfollows the same pattern asSelf-assessed Novelty
(Figure7-2c). Using the heuristic method (C2) results in the highest satisfaction with the solutiotM=
5.375,SD= 1.408), which is at odds with Hypothesis 3. LikBelf-assessed noveltyas well, the control
group (C3:M=4.750,SD= 1.483) outperformed the participants using thanorphological analysis(C1:M
= 4.333,SD= 2.103). Similar taSelf-assessed novelty this might indicate that using the heuristic
approach positively influences the experienced satisfaction with the solution, if not the actual
performance.

Considering the ANCOVATable7-10), any conclusions should, however, be made with caution, as the

results might be due to random variance| WMKO= P N A LUNdedidanyl skiiddain sedilio affect the

dependent variable significantly p| WMIOMNY AW~ E WI WMIONMNb AlWAz qWOYqWUYe NG Wa
relationships between the conditions (seeTable7-11).

TaBLE 7-10: ANCOVA - DIFFERENCES IN PERFORMANCE (SATISFACTION) ACROSS (H3c)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 8.494 2 4.247 1.773 0.184 0.032
Necessary skills 14.536 1 14.536 6.067 0.018* 0.104
Familiarity with method 0.033 1 0.033 0.014 0.907 <.001
Practical experience 0.033 1 0.033 0.014 0.907 <.001
Residuals 91.039 38 2.396

Note. Type Il Sum of Squares

*p <.05.

TaBLe 7-11: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (PERFORMANCE (SATISFACTION))

Mean Difference SE t Prukey
Control Heuristic* -0.609 0.558 -1.091 0.526
Control* Morphological 0.525 0.644 0.816 0.696
Heuristic* Morphological 1.134 0.615 1.843 0.169

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.5.4.4 Resolution of Problem (H3d)

Figure7-2f indicates that usingmorphological analysis(C1) resulted in the highest scores oResolution
of Problem(M = 4.583,SD= 1.129), outperforming the participants using the heuristic method (C2yl =
3.972,SD= 1.165) in alignment with Hypothesis 3. Considering the nature of the measure, the results
could indicate that usingmorphological analysishelps the method user consider more components of
the problem space, generating ideas that address more aspects of the design brief, which would align
with the method's focus of identifying subproblems orfunctions.

Again, the ANCOVAT@able 7-12) found no statistical significance @ | WMMNP MA W™ E WK WIOMMMN b WRUT
difference might be the result of random variance. Interestingly, this rateassessed measure is affected

by all the covariates, suggesting that expertise plays a biggesle in the more objective assessment of

performance. As such, while the control group (C3W = 4.169,SD= 1.267) seem to be outperformed by

the use ofmorphological analysis(C1), the Post Hoc analysisTable7-13) show that, when adjusted for

the covariates, the control group outperforms Condition 1 (AdM LI WMKONZ = b O
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TaBLE 7-12: ANCOVA - DIFFERENCES IN PERFORMANCE (RESOLUTION OF PROBLEM) ACROSS CONDITIONS (H3D)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 1.801 2 0.901 0.817 0.450 <.001
Necessary skills 6.232 1 6.232 5.650 0.023* 0.075
Familiarity with method 12.737 1 12.737 11.548 0.002* 0.170
Practical experience 4.773 1 4773 4.328 0.044* 0.054
Residuals 41.913 38 1.103

Note. Type Il Sum of Squares

*p <.05.

TABLE 7-13: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (PERFORMANCE (RESOLUTION OF
PROBLEM))

Mean Difference SE t Prukey
Control* Heuristic 0.473 0.379 1.250 0.432
Control* Morphological 0.162 0.437 0.371 0.927
Heuristic Morphological* -0.311 0.417 -0.746 0.738

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.5.5 Cognitive Efficiency (H4-H5)

In the following, we analyse the difference in cognitive efficiency calculated based on the four
performance measures and cognitive load across the conditions. As a result of the very similar scores of
cognitive loadacross the conditions, the relationship between the measures o€ognitive efficiencyand

the conditions follows the same pattern as the performance measures analysed above, the conclusion
is, however, different.

7.55.1 Self-assessed Novelty (H4a and H5a)

Figure7-2g, indicate that Hypothesis 4 holds true forognitive efficiencybased on theSelf-assessed
Novelty, while Hypothesis 5 is violated. Using the heuristic method (C2) resulted in the highesignitive
efficiency (M= 0.141,SD= 0.636), outperforming both the use ofmorphological analysis(C1: M =-0.527,
SD=0.831) and the control group (C3"=-0.104, SD= 0.709). These relationships remain the same after
controlling for the covariates Table7-15). Only the use of the heuristic method achieved aognitive
efficiency (E) above the hypothetical baseline focognitive efficiency(E = 0), suggesting that the other
conditions might be cognitively inefficient, requiring relatively more cognitive effort to achieve similar
levels of performance.

Following the same pattern as the other results, the differences between the conditions are not
statistically significant (o1 LUIMIONOMb Ws R é WY UG ! Wé WiisReTabeBI4LUII N n UHE q Wt RA1J Wb

TaBLE 7-14: ANCOVA - DIFFERENCES IN COGNITIVE EFFICIENCY (NOVELTY) ACROSS CONDITIONS (H4A AND H5A)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 2.333 2 1.166 2.157 0.130 0.052
Necessary skills 0.634 1 0.634 1.172 0.286 0.004
Familiarity with method 0.138 1 0.138 0.256 0.616 <.001
Practical experience 0.054 1 0.054 0.099 0.755 <.001
Residuals 20.551 38 0.541

Note. Type Ill Sum of Squares

TaBLE 7-15: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (COGNITIVE EFFICIENCY (NOVELTY))

Mean Difference SE t Prukey
Control Heuristic* -0.260 0.265 -0.982 0.593
Control* Morphological 0.345 0.306 1.127 0.504
Heuristic* Morphological 0.605 0.292 2.070 0.110

Note. P-value adjusted for comparing a family of 3
* pest performing condition

7.5.5.2 Self-assessed Usefulness (H4b and H5b)

Figure7-2h suggests that the results support both Hypotheses 4 and 5. The control group (3= 0.062,
SD= 0.537) outperforms the two other conditions, aligning with Hypothesis 5. While the median, as
shown inFigure7-2h, suggest that the participants using the heuristic method are achieving higher
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cognitive efficiency (C2: Md =0.070) than those usingnorphological analysis(C1: Md =0.145), the

means suggest the opposite (C1M =-0.136,SD= 0.438; C22M=-0.151, SD= 0.662). However, when

controlled for the covariates, the participants using the heuristic method are actually more cognitively

efficient than those usingmorphological analysis(see Table7-17), aligning with Hypothesis 4. Only the

control group outperformed the hypothetical baseline forcognitive efficiency. Again, the ANCOVAT@ble

7-16) shows that the differences are not statistically significantffl| WUMKO®d A W™ E WK WUMIOMMN b LWL

TABLE 7-16: ANCOVA - DIFFERENCES IN COGNITIVE EFFICIENCY (USEFULNESS) ACROSS CONDITIONS (H48 AND H5B)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 0.621 2 0.311 0.941 0.399 <.001
Necessary skills 0.363 1 0.363 1.098 0.301 0.002
Familiarity with method 0.254 1 0.254 0.769 0.386 <.001
Practical experience 0.038 1 0.038 0.115 0.737 <.001
Residuals 12.546 38 0.330

Note. Type Il Sum of Squares

TABLE 7-17: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (COGNITIVE EFFICIENCY (USEFULNESS))

Mean Difference SE t Ptukey
Control* Heuristic 0.237 0.207 1.143 0.494
Control* Morphological 0.291 0.239 1.217 0.451
Heuristic* Morphological 0.054 0.228 0.237 0.969

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.5.5.3 Satisfaction with the solution (H4c and H5c¢)

Figure7-2i indicates that Hypothesis 5 can be rejected, as the participants using the heuristics method
(C2:M=-0.016, SD= 0.643) outperform the control group (C3M=-0.170, SD= 0.773). Using the
heuristics method (C2) also outperforms the participants usingnorphological analysis(C1: M =-0.529,
SD=0.961), supporting Hypothesis 4.

Like the previous results, the ANCOVAT@ble 7-18) shows that the differences are not statistically

significant @1 WMIO=Z 0 b AWc UT W6 W WInnIHqW RAUDWLTEW WMIOM=Z=Zb W 20N
providing little ground for assessing the validity of the hypothesidiable7-19 shows that the relationships

between the conditions remain the same after controlling for the covariates.

TaBLE 7-18: ANCOVA - DIFFERENCES IN COGNITIVE EFFICIENCY (SATISFACTION) ACROSS CONDITIONS (H4c¢ AND H5c¢)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 1.789 2 0.894 1.402 0.258 0.019
Necessary skills 0.701 1 0.701 1.099 0.301 0.002
Familiarity with method 0.005 1 0.005 0.007 0.933 <.001
Practical experience 0.047 1 0.047 0.074 0.787 <.001
Residuals 24.233 38 0.638

Note. Type Il Sum of Squares

TABLE 7-19: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (COGNITIVE EFFICIENCY (SATISFACTION))

Mean Difference SE t Prukey
Control Heuristic* -0.143 0.288 -0.498 0.873
Control* Morphological 0.385 0.332 1.159 0.485
Heuristic* Morphological 0.528 0.317 1.665 0.232

Note. P-value adjusted for comparing a family of 3
* pest performing condition

7.5.5.4 Resolution of Problem (H4d and H5d)

Figure7-2j suggests that neither Hypotheses 4 nor 5 can be accepted. The means indicate that using
morphological analysis(C1: M =-0.083, SD= 0.684) outperform both the control group (C3V =-0.149,
SD=0.879) and the participants using the heuristic method (C241=-0.376, SD= 0.861). However, when
controlling for the covariates (seeTable 7-20), the control group (C3) becomes the most cognitively
efficient (see Table7-21), aligning with Hypotheses 5.
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Similar to the above ANCOVAS, the results are not statistically significanp € 0.365), and the effect size

bl "E Wl WMIOMMNGB Wt 2NNt gt Wadé W RnniJ| TakleT-2a). While tbtlafitddlT 2 13 Wa Y LW
covariates affecting the measures used to calculatecognitive efficiency(Resolution of Problen) have a

significant effect, Familiarity with methodstill has (p| WWMIOMM® A W™ E W WMIONZPbL AWt 2NNt qR
experience with a method influencescognitive efficiency.

TaBLE 7-20: ANCOVA - DIFFERENCES IN COGNITIVE EFFICIENCY (RESOLUTION OF PROBLEM) ACROSS CONDITIONS (H4D AND H5D)

Cases Sum of Squares df Mean Square F p ~E
CONDITION 1.207 2 0.604 1.034 0.365 0.001
Necessary skills 0.488 1 0.488 0.836 0.366 <.001
Familiarity with method 4.460 1 4.460 7.640 0.009* 0.125
Practical experience 2.057 1 2.057 3.524 0.068 0.048
Residuals 22.182 38 0.584

Note. Type Il Sum of Squares

TABLE 7-21: PosT Hoc TesT (STANDARD (LSD)) - DIFFERENCES ACROSS CONDITIONS (COGNITIVE EFFICIENCY (RESOLUTION OF
PROBLEM))

Mean Difference SE t Prtukey
Control* Heuristic 0.395 0.275 1.432 0.335
Control* Morphological 0.256 0.318 0.806 0.702
Heuristic Morphological* -0.138 0.304 -0.456 0.892

Note. P-value adjusted for comparing a family of 3
* best performing condition

7.6 Discussion

This pilot study has investigated thecognitive efficiencyrelated to using systematic and heuristic design
methods, focusing on four different measures of performanceSelf-assessed Novelty, SeHassessed
Usefulness, Satisfaction with solution and theResolution of Problem in an attempt to assess the
theoretical framing, and the strengths and weaknesses of the study design.

Hypothesis 1 and 2, related tacognitive loadand Time-on-Task matched the measured scores.
However, there was practically no difference ircognitive loadbetween the three conditions. When
controlled for the three covariatesy feeling of having theNecessary skills Familiarity with method,and
Practical experiencey only the raterassessed performance measure Resolution of problem aligned
with Hypothesis 3. The data in the case afognitive efficiencycalculated based onSelf-assessed
Novelty, Self-assessed Usefulness,and Satisfaction with Solution, aligned with Hypothesis 4. For
Hypothesis 5, this was only the case focognitive efficiencycalculated based on Self-assessed
Usefulnessand Resolution of Problem However, when considering the similar scores igognitive load
across all conditions (seeFigure7-2a) and the performance measures reported in Sectioi.5.4, the
alignment with Hypotheses 4 and 5 seems to be driven by the performance and not differences in
cognitive load as we hypothesised. Consequently, even though the data aligns with Hypothesis 4 and 5, it
does not do so as a result of the expected influere of method usage orcognitive efficiency.

Tallying which condition outperformed which across the post hoc tests shows that the control group
outperformed the other condition in 14 cases. Using the heuristic method was most beneficial in 11
cases, and usingmorphological analysisonly outperformed the other two in 2 casesTime-on-Taskhas
been excluded from the tally since the time spent on the task cannot necessarily be said to be good or
bad. The control group consistently outperforms usingnorphological analysis(9 out of 9 cases) but only
using the heuristic method in 5 out of 9 cases. Using the heuristic method outperforms using
morphological analysisin 7 out of 9 cases.

These results seem to indicate that the participants did not generally benefit from using the prescribed
methods, aligning with the underlying assumption behind Hypothesis 5, that the participants had
sufficient training not to need the help of design methds. However, the lack of statistical significance
can also suggest that the methods used may not have had a meaningful impact on performance or
cognitive load. The inconclusive result generally warrants caution in interpretation, as the study design,
sample size, or measurement sensitivity might have been insufficient to detect the differences.
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Consequently, the results also suggest the need for improving the precision and reliability of the
measurement tools. Reducing measurement error, noise, and random variance has the potential to
increase the observed effect size, making the effects cleareand potentially improving the statistical
significance of the results.

7.6.1 Sample

As a pilot study, the small sample size imposed a significant limitation of the study, likely contributing to
the lack of significant findings. A power analysis suggests that a total sample size of between 119 and
9629, depending on the measure, would be @eded to achieve adequate power (0.80) to detect
meaningful effects based on the current effect sizes reported. Therefore, future research should aim to
include a larger sample size. Even so, a larger sample size is unlikely to reveal significant effectshe
conditions in relation to cognitive load, Self-assessed Usefulness, Resolution of Problemand Cognitive
Efficiency (Usefulness) which all were found to have an effect size of zero, indicating no detectable
differences across conditions. Similarly,Cognitive Efficiency (Resolution of Problenmequiring a sample
of 9629 participants to ensure adequate power alsondicates how little the effect detected here was.

7.6.2 Capturing Cognitive Load

Based on the overlap betweerDaalhuizen et al.'s (2014¥indings of users usingmorphological analysis
experiencing higher time pressures, lower motivation, spending more effort, and feeling less effective,
and the components of the NASATLX, we expected a significantly higharognitive loadfor condition 1.
However, this difference never materialised in the study, suggesting a significant problem with our
theoretical conception of how different types of design methods would influence cognitive load or our
study design. Either the conditions had no effect, or wfailed to capture it.

Looking at the measure otognitive load, it seems unlikely that the lack of differences should be entirely

due to a failure of the measure, onsidering thatthe NASATLX is generally considered a reliable measure

of mental effort (Hancock et al., 2021; Hart, 2006)However, there are ways we could improve the

sensitivity of how we measurecognitive load. For example, by using a secondary task measure of

cognitive loadd WG Rt W WeHqRYUWqRGWIWn Yl Wagel URUNDWYnnWeUWhedGel Gk
cognitive loadthat could be captured at several points throughout the design task. Combined with

responding to a unidimensional subjective measure of cognitive load, like thRating Scale Mental Effort
(Zijlstra, 1993 Waq Y Waz | UWYnnWagd WWh¢dcl G Ak Ws JWs Ye ol WE¢2W0Was Y WHY
nuanced and sensible measure, more susceptible to smaller variations, which should help increase the

effect size.

From the theoretical perspective, the lack of effect could be explained in several ways. For example, the
participants could be reinvesting any cognitive capacity freed up by the method usage into the idea
generation. If so, the measure otognitive loadcloser resembles the cognitive effort the participants
were willing to invest than the cognitive load induced by the interventions, potentially obscuring any
effects of using the specific methods. To assess whether this is the case, a measure of motivatioould
potentially be included in future experiments.

An alternative explanation could be that the participants, as master students, already had internalised
the prescribed methods and, therefore, applied them with the same efficiency as they would a method of
their own choice. This would suggest that theffective cognitive loadof all interventions is the same,
which seems unlikely considering the different nature of each condition. A more likely interpretation is
that the participants only actually followed the prescribed methods to some extent and insteadefaulted
to other, more familiar strategies in alignment with taking an opportunistic approacfsee Bender &
Blessing, 2004)similar to that of the control group, explaining why there is no significant difference
between the conditions. This would again mean that our measure does not capture the cognitive load
related to the intervention but rather thecognitive efficiencyof the participant.

To mitigate theconfounding variables resulting from suchdeviations from the prescribed methods of
Condition 1 and 2,the experiment could be conducted with participants with less design and innovation
experiencesince they would be less likely to identify or abandon the relative safety of following a method
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to pursue opportunities (Bender & Blessing, 2004)urthermore, participants with less design training
should benefit more from using design methodsas they are less likely to have internalised efficient
design approaches Theoretically, a relatively more complex or difficult design task should increase the
impact of method usage, as it would require higher cognitive efficiency to avoid cognitive overload when
solving it(Lavrsen & Daalhuizen, 2024)ncreasing the intensity of the intervention has the added benefit
of increasing the observed effect of the intervention, thus helping to address to low effect sizes reported
in this study. An alternative way to address theleviations from the prescribed methods would be to
record and analysethe method usage to develop a protocol to determine the degree to which the method
was followed, as is often done in experiments in design researdiBilda & Gero, 2007; Cross, 2001; Gero
& Milovanovic, 2020; Hay et al., 2017; Sun et al., 2014)

7.6.3 Capturing Performance
Throughout the study, we relied on four measures of performanc&elf-assessed Novelty, SeHassessed
Usefulness, Satisfaction with Solutionand Resolution of Problem

The variance across the performance measures suggests that performance is a multiceted construct.
A correlation analysis showed that the only significant correlation between the performance measures
was betweenSatisfaction with Solutionand Self-assessed Noveltysi A 1J ¢ | #=¥.666,p €11001) and
Satisfaction with Solutionand Self-assessed Usefulnessbi A 1J ¢ | #=¥.480,p 411001). This suggests
that both the assessed novelty and usefulness influence the level of satisfaction with the solution and,
thus, potentially capture dimensions of satisfaction. The lack of correlation betweerself-assessed
Novelty and Self-assessed Usefulnessbl A 1 ¢ | #="9.1080,p 41D.241) suggests they are independent of
one another, as also argued byichot et al. (2022)in relation to measuring creativity. The fact that the
self-assessed measures do not align with Hypothesis 3 and are not correlated with the ratassessed
measure Resolution of Problemcould also suggest that the sefassessed measures do not capture
actual performance. Even if capturing aspects of performance, the seldssessed measures might be
influenced by how the participants experienced the intervention, affecting how they assegheir
performance, as suggested byDaalhuizen et al. (2014)While the influence of method usage on the
experience of performance is interesting in its own right, it raises the question of whether performance
can be captured by a seHassessed measure.

The inclusion of the selfassessed measures reflects the overall challenge of finding appropriate

measures for capturing performance and quality of output. Measures like thBroduct Creativity
Measurementinstrumentbl A9 ~f b AWG ¢t 21 RUNWhB q6 W e ATIIARQR21IWTaTl NG I
¢UTl We GGl YGI ReqWUUt t Wa6¢c qWUIGRHARY Wel Yet ¢aWe Ul WGGWet 2l L
(Horn & Salvendy, 2009, p. 398were considered but turned out not to be suited for the assessment of

early-stage concepts and the brief written descriptions on which they needed to be assesse@ther

performance measures often used in relation to idea generation, like the quantity of generated concepts,

were rejected due to the difference in the underlying method goals and procedures, with, for example,

the morphological analysisfacilitating the exponential generation of ideas. This indicates why it can be a

challenge to study fundamentally different methods, prompting different strategies for achieving the

goals, even if the overall goals are similar, as in the case of this study. Some measures might favour some

design strategies and bias against others.

In the end, we followed an approach similar t&sun et al. (2014}o measure what they refer to agjuality,

but we have calledResolution of Problem However, this approach requires the development of new

tailor-made items based on the design brief, entailing time&onsuming refinements to ensure interrater

reliability. The relatively low intefrater reliability for the Resolution of Problembl, | WUMKOT NOb WE HE RII2 1JT
the timeframe of this study highlights the challenges of such an approach. Furthermore, it only measures

a narrow aspect of the quality of the concept relted to the resolution of the probleny hence the namey

ignoring others like desirability, practicality, feasibility, and sustainability. While it might not be possible

to develop a general measure to capture design performance, this study suggests that desiggsearch

could benefit from the development of better and more robust measures of performance.
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/.6.4 Future Research

As shown by the shortcomings of this pilot study, both the phenomenon of method usage and the
constructs of performance, cognitive load, and cognitive efficiency are complex. The above discussion
makes several suggestions for improving the specific study design and research into the relationship
between method usage and cognitive load, pointing a way forward féuture research.

Besides the improvements suggested for this study, the complexity and the potential confounding
variables could be reduced by identifying specific mechanisms embedded in methods and investigating
them in isolation, e.g., using an A/Besting setup. This waild require further research into the
manifestation of design methods and their building block to identify the mechanisms through which they
prompt behaviours and actions. Such a strain research should ideally be accompanied by research
testing design mettods in less controlled environments as well. For example, investigating how the
interaction of multiple design methods influences cognitive efficiency throughout a design process or
how group dynamics and collaboration affect cognitive efficiency. By addssing these areas, future
studies could contribute to developing more precise and effective design methods tailored to various
user needs and settings. Furthermore, it would provide crucial insight for theofiguilding around method
usage.

7.7 Conclusion

In conclusion, this pilot study examined the cognitive efficiency of systematic and heuristic design
methods by analysing performance measures and cognitive load. The findings present an unclear picture
of the influence of method usage on cognitive efficiecy. Cognitive loaddid not, as expected, differ
significantly across conditions, influencing cognitive efficiency in unpredicted ways. Cutting across it all,
the control group generally outperformed the two groups using prescribed methods, indicating th#he
use of the method did not aid the participants. However, the lack of statistical significance and the low
effect sizes warrant caution when interpreting the results. More comprehensive research is needed to
refine our theoretical understanding and fuly understand the interplay between using design methods
and cognitive load. Measurement limitations regarding precision and sensitivity highlight the need for
further refinement of the study design and the instrument used. Addressing these limitations fature
studies will be essential to improving the effectiveness of design methodologies and their application in
real-world settings.
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8 Discussion

Although design methods have been crucial in the development of design research and new methods
continuously emerge, our understanding of how they work and what determines their performance is
limited. This dissertationset out to bridge this gapby investigating the phenomenon of method usage in
design by focusing on the method usesand their interaction with design methods guided by the
overarching research question:

How does the interaction between method and method user influence the user and the
usage of methods in design?

Addressingthis question, the constructs of design mindsetand cognitive loadhave served as lenses for

framing the method uses and investigatingthe interaction between them and design methods. Design

mindset emphasisesq 6 J WA G R nt We UT W2 ¢ te Ut Waé ¢ whikdtkeBogniltibe WG 1 a6 Y T LU
load lets us zoom in onthe mental demands andcognitive efficiency associated with using design

methods.

The following sections begin byliscussing the key contributions of the research before expanding the
conceptual work by integrating the constructs ofdesign mindsetand cognitive loadwithin a broader
framework of cognitive processing and method usage. Finally, the discussion addresses the implications
for practice, acknowledges the limitations, and highlights opportunities for future research.

8.1 Inquiry I: Design Mindset

The method usey specifically their personality traits and designmindsety are at the heart ofinquiry 1.
Article | (Chapter4) defines the construct of designmindset, operationalises it as an instrument for
measuring it,and explores the relationshipwith the three personality traits:self-efficacy, ambiguity
tolerance, and sensation-seeking The development of theDesign Mindset InventoryD-Mindset0.1)
helps concretise the abstract concept of design mindsetand enables quantitative and statistical testing
of its key components, relationships, and impact on method usage and design performance. Thube
article takes a crucial first step in solidifyingthis core aspect of the phenomenon of method usagand
provides a crucial toolfor further theory-building.

The idea of adesignmindset builds on theidea of amethod mindsety the necessary practice knowledge
beliefs, and values to implement amethody expanding itto broadly coverthe core valuesand beliefs
associated with effective design practices.The core idea is that effectivanethod usage and design
practice require an alignment between themindset of the designer and the activities they engage ifror
example, ifamethod is built around being iterative, the designer should believe in the value of working
iteratively (at least while using the method. Such alignmentis crucial for the designer torecognisethe
affordance ofa method and to act in alignmentwith it.

Byalso connecting the design mindsetwith the more genericpersonality traits, Article Ipaints a fuller
picture of the method user and the complex interactions within their mindenablingthem to be effective
in design situations It highlights the strong relationship betweerdesign mindsetand the personality
traits: ambiguity tolerance and self-efficacy. Both positively influence thedesign mindsetsubconstructs
Conversation with the Situationand Co-Evolution of ProblemSolution. Ambiguity tolerance, furthermore,
influences the subconstruct Iteration positively. Therelationship with sensation-seekingis less
straightforward. It is positively related tothe subconstruct Imagination and negatively tothe
subconstruct Iteration but has no significant relationship with the overall construct of design mindset
These relationshipsillustrate how different personality traits shapedesigners' mindsetsand how they
value certain aspects of design practice Thus Article lindicates that effective method usage requires
more than just a fit between the desigrrelated values and beliefs of thedesign mindsetbut likely also a
fit with the deeper-rooted personality traits of the designer.Moreover, the results also suggest that
design mindsetis related to design training and experience, showing that participants engaged in design
education have a significantly highedesign mindsetthan participants with other educational
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backgrounds. As such, he article helps us gain a deeper understanding of the method usethe core
component of design mindset, and howit is related tomultiple aspects ofthe usens character.

Article 1l (Chapter5) expandson Article | by investigatinghow design mindsetis developed through
method usageand howboth the personality traits andinitial design mindsetscores moderate the
development. By framing method usage as a way to develagtesign mindsetand practice, Article Il
provides insight into a secondary function oflesign methods as tools for teachinglearning. In doing so, it
provides a conceptual framework for understanding learning through method usage. While the primary
function of method usage might not be to learn, it is nonetheless a central feature, as also indicated by
its explicit inclusion in Daalhuizen et al.'s (20193efinition of design methods (see Sectior2.2.1). Figure
5-2 places method usage in relation toKolb's (2015)Learning Cycle, indicating howdesign mindsetand
expertise are built upon concrete experiences and reflection in and on action. While Article 1l focuses on
the role of this process in developinglesign mindset the framework also provides insights into the
mental processing going on when using a method and how this process forms the actions of the method
user. Theconceptualisation of experiences prompts new actions to test if theconceptualisation aligns
with the real world and if it improves the control of the design situatiofsee Kolb, 2015) As such,this
framework helps open up a central aspect oDaalhuizen and Cash's (2021nodel of method usage
(Figure2-4), providing insight into the mental processing of method users while using design methods.

Article lltests the underlying assumptionthat using methods influencesthe method users'design

mindset. The results support this assumption, showing thatmethod usage, asimplemented through
Method Teaching generallyincreases design mindset, thus connecting method usage anddesign

mindset. The effectiveness of method usage as a teaching tool ishown to bemoderated bythe
preintervention level ofdesign mindsetand the personality traits. The preintervention level ofdesign
mindset and Sensation-seekinghave a negative influence on the development afesign mindsetthrough
method usage. Conversely Ambiguity toleranceand Self-efficacy are found tohave a positive influence

on the development as it also had ondesign mindset Supporting the central role of the method user
within the phenomenon of method usagethe resultsalsoshowaq 6 ¢ q g 6 WWRUT R2RT 2 ¢ Gkt WG
play a larger role in determining the effectiveness dflethod Teachingand the internalisation of design
valuesthan the contextual factors, like gender compositionor level ofdesignmindset in the group This
indicates that method users might be able to derive appropriate design values through the reflective
practice of method usage despite variation in the implementation of the method, perhaps even from
failed attempts to use a method.This aligns with the general idea dfolb's (2015)Learning Cycle, where
RaqWRt W6 WWRUT R2RIT 2 ¢ bk reflédibrGrikndol thistthbtltYiveslihe ledrmbgimocegk Y U ¢ UT L
Together, thetwo articles of Inquiry | provide crucial insights into thephenomenon of method usage in
design. By defining the construct ofdesign mindsetand investigating some of its key relationships, the

two articles identify core components of the phenomenon.The articles help tooperationalise the idea of
the method user, highlightingthat the method user is more than just theidesign-related mindset and

that more generic personality traitsalso influence their perspective ondesign practice. While this inquiry
focuses more on the method user than the actual method usaget provides a foundation for further
investigation of the role of the method userwithin the phenomenon. Moving forward, the construct of the
method user must be further unpacked to truly capture the multifaceted role they play in shaping not only
the effectiveness of methods but the broader practice of design itself.

8.2 Inquiry Il; Cognitive Load and Efficiency

Like Inquiry I, Inquiry Il explores the phenomenon of method usage through the perspective of the method
user. However, t shifts the focus fromdesign mindsetand its developmentto method usage and how it
influences cognitive load. In doing so,Inquiry 1l addsan additional dimension to our understanding of the
method user and their interaction with design methodsopening a newavenue for investigating the
phenomenon.

The inquiry into the role of cognitive load idesignemergedthrough an exploration of the cognitive
science literature on problem-solving and creativity Cognitive loademergedas a promising construct for
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explaining some corebehavioural peculiarities of designers e.g. their tendency to approacheven welk
defined problems as if they were wickedArticle lllexploresthis tendency through the lens of cognitive
load. This perspective positions design and method usage in relation to existing cognitive load research,
outlining how designersutilise framing and reframing to expand the design space whilkeeping the
complexity of the design task within the scope of their cognitive capability, thus avoiding cognitive
overload while increasing creative potential. In doing so, Article I&xplores the potential explanatory
power of the lens of cognitive loadconcerning design and method usage.

The article also highlighs that the tendency toexpand the design spacdo increase creative potential
differentiates method usagein designfrom, e.g., the domain of learningvhere cognitive load theory is
rooted. Where Cognitive Load Theoryis predominantly focused on reducingineffective or extraneous
cognitive load (Sweller et al., 2019) effective design methods also need tohelp the method user
efficiently manage and process information to allow for the expansion of the design space atitd
creative potential, i.e., increasing the cognitive load of the methodiser. Thisadds nuances to Cognitive
Load Theory, as well as providea crucial perspective for investigatingthe cognitive processes of design
processes and activities

Using Article 1l as its theoretical foundation, Article IV presents a pilot study investigating the ability of

systematic versus heuristic design methods to facilitate cognitive efficiency. By combiningognitive load

and performance, cognitive efficiencylets us investigate how designers perform in relation to the mental
effort put into solving the design task.

While the results of Article IV were inconclusive due to a lack of statistical significance and small effect
sizes, they suggest that neither the systematic nor the heuristic methods studied improved method

2t U1t k WG tognitive load orcdgRitite efficiency. Generally, the control groupoutperformed
both, either suggesting thatthe participants in the control groupalready hadinternalised design
strategies comparable to those prompted by the methods that methods usageincreased cognitive load
considerably without increasing performance, orthat the study design and measuresdid not capture the
effective cognitive loady the cognitive load needed to solve the task using the metha@y but rather the
cognitive effort expended, including any reinvestedcognitive resources

Despite the inconclusive result,Article IVshowed how the framework of cognitive load enabled us to
make predictions regarding cognitive load and efficiencand atleast see trends aligning with these
predictions. However, it also highlightsthe complexity of the construct ofcognitive loadand our limited
understanding of it in relation to method usageunderscoring the challenges of measuring cognitive load
in design, wherethe scope and complexity ofa task depend onthe problem framing. This calls for further
theory-building related to design method, method usage, and how designers manageognitive load.

Thegreatestadvantageof cognitive loadis that it captures many of the core variables of method usage.
First of all, it is strongly related to experience, with training being the main way to reducegnitive load
(Chandler, 1993; Paas & Van Merriénboer, 1994; Sweller et al.,.Z0d@)itive loadhas also been shown to
be influenced by how information is presentedHancock et al., 2021; Sweller et al., 2019Yelating it to
the manifestation of design methods (see Sectior2.2.2). Likewise, situational factors like task novelty,
time pressure, and reward systems relying on punishment are associated with high cognitive loféaas &
Van Merriénboer, 1994 Contextual factors such as extreme temperatures, noise, and other distractions
can also increasecognitiveload (Hancock et al., 2021; Paas & Van Merriénboer, 1984 so too can the
added coordination of working in teamgSweller et al., 2019)As such,cognitive load captures both
individual and contextual factors into one measure of how the design situations are experienced by the
designer, giving us a way to assess how designers are impacted by a design situation and how this, in
turn, influences their behaviours, e.g., how they interact with design methods.

However, as the inconclusive results of Article IVreveal, the complexity of cognitive loadas a measure
also makes it challenging to isolate effects ard interpret the resultsin relation to design tasks The
complexity can obscure the actual cognitive loadassociated with using a design methodFor example,if
the similarity in cognitive loadacross the conditionsis the resultof the participants reinvesting any
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cognitive resources freed up by the methodsln highlighting the shortcomings of the study design, Article
IV functions as an inquiry into the theoretical framing of the relationship between method usage and
cognitive loadand efficiency. The study shows that more work is needed to understand the relationship
between cognitive load and method usage, both to enable research into this relationship and, more
importantly, to understand the role of design methods in managing cognitiviead.

In sum, Inquiry Il expands our understanding of method usagnd the method uses by establishing a
connection to cognitive loadand cognitive efficiency. Together, thetwo articles underscore the
importance of cognitive load in managing the demands of design tasks and adapting design methods
effectively. They also demonstrate the need for continued research into the relationship between
cognitive load and method usage to suport both theoretical advancements and practical improvements
in method development, teaching, and evaluation.

8.3 The Phenomenon of Method Usage

Combined, the two inquiries have contributed to our understanding of the phenomenon of method usage
in design, highlighting the pivotal role of the method user in method usage and in adapting and applying
design methods. Inquiry Imainly adds to our understanding of the method user and the development of
design mindset, and Inquiry Il adds a new perspective for understanding method usage based on
cognitive load. By introducing the construct ofdesign mindsetand presenting new conceptual
frameworks concerning bothmethod teachingand cognitive load, the two inquiries provide new
perspectives on the dynamic relationship between methods and users, laying the groundwork for future
research and theorybuilding. To tie the two inquiries togetherthe following sections engage ina
conceptual mapping ofthe relationship betweendesign mindsetand cognitive load, drawing on Duat
Process Theoryto anchor the relationship in cognitive processing As such, this section goes beyond a
discussion of theresults and synthesisesthe insights generated throughout the PhD project into ahared
theoretical framework.

8.3.1 Cognitive Processing

Considering the construct ofcognitive efficiency, it is worth considering method usage in terms of
cognitive loadand performance. As presented in Article Ill, there is a need to strike the right balance
between cognitive effort and performance. In doing so, it is necessary to distinguish betwesvhen an
increase incognitive loadis beneficial and when itis not. Cutting across the two inquiries, this
furthermore requires a distinction between design methods as a learning tool and@esign toolor, in
broader terms learning and performancesee Balsam, 2014) Ideally, cognitive resources should be
spent on the design activities prompted by the method. That is to say, thiesignactivities that contribute
directly to the resolution of the design problem, be it throughe.g.,the exploration of the design space,
idea generation, or experimentingResources spent on choosing, adapting, and applying a methodo not
necessarily benefit the achievement of the design goaklwhich is why Article Illsuggests that metiod
usage should beconsidered a secondary task In so far as the nrethod usage does not increasehe
01q6 Y1 Ldeghitivé efficidtcy, the application ofamethod adds to the ineffective load of the
designer, drawing away cognitive resourcesthat could otherwise be usedon the design problem
(Sweller, 1988; Sweller et al., 20198imilarly, cognitive resources allocated tolearningto use a method
draw resources away fromboth the application of methods as well asthe designproblem, potentially
resulting in inappropriate method usage and poor performanceAs a result to achieve cognitive
efficiency, it is beneficial to minimise the cognitiveresourcestaken up bymethod usage ideally to the
point where thedesign method has beerinternalised, and the design activitieshave become an intuitive
response embedded in the designer's practice.Trainingis crucial in this process of moving the cognitive
processing from the resourceintensive System 2 to the intuitive System {Chandler, 1993; Kalyuga,
2009; Paas & Van Merriénboer, 1994; Stanovich, 2008y automatingboth the method usage and even
the design activities, which might justify the added cognitive load induced by the learning process

However, achieving cognitive efficiency $ not just about reducing cognitive load. Toensure quality
performance, it is not irrelevant which cognitive processes are automatedin terms of method usage, we
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want to minimise the cognitive resources spent on method usage, that is, the resources spent by the
algorithmic mind to apply and follow a method.The algorithmic mind is associatedwith the
implementation of rules and procedures(Stanovich, 2009)and, thus, alsothe application of design
methods (Daalhuizen & Hjartarson, 2022)While the algorithmic mind is necessary for upholding core
functions of System 2(Stanovich, 2009) the resources allocated to consciously following a method
should ideally be so ingrained as to be intuitive, thuminimising the need for algorithmic thinking.If the
design situation isfamiliar enough, the intuitive processing mighbe sufficient to ensure good desig
performance (Kahneman & Klein, 2009)However, as already established design situations are seldom
stable. Consequently, the applications of design activities, be it asnternalised practices or through
method usage, require the critical thinking and consideration of the reflectivenind (see Kahneman &
Klein, 2009) Similarly, even if the algorithmic mind has been engagetb follow a method systematically,
it is not a guarantee for successLike the intuitiveprocessing might be sufficientif everything aligns with
the approach, the algorithmic mind canonly ensure good performance undeffoptimal kconditions where
there is a clear andogical connection between thedesign problemand the solution (see Stanovich,
2009). Without the reflective mind, System 2cannot adjust the approach when it no longer fits the
context of useor supports the achievement of the desigrgoal. In other words, while the algorithmic
process of followinga method ordoing design activitiescan be automated to reduce cognitive load, the
reflective processes of assessing the affordance of a methodnd exploring the design spacg as well as
the necessary algorithmic processes to do sg should not be. In this light, method usageshould ensure
that the reflective mind goes in and overrides both the intuitive applications of design activities artie
algorithmic mind to ensure thereflection necessary for theappropriate selection and application of
methods, as wellas the reflection on thedesign space, the design problem, and the solutionEven so, to
ensure cognitive efficiency, the designer should revert back to the default mode of System 1 when the
process is back on track.

In distinguishingbetween the role of thealgorithmic and the reflectivemind in relation to method usage,
we canidentify some crucial benefits of method usageand howit supports the achievement of design
goals andperformance. While aiming tominimise the resourcesallocated to the algorithmic mind forthe
application of methods to the point that actual method usageis no longer necessarymethod usagecan
still play a crucial role in prompting reflective thinking. First of allthe knowledge related tothe
appropriate application of amethod functions as a frame of reference, both prompting and anchoring
reflections on the appropriateness ofthe specific sequence of design activities Similarly, methods, both
as physical manifestations or mental representations, should prompt productive reflectiorrelated to the
design space, the design problem, and potential solutions. In fact, design methods' ability to do the latter
is paramount for their ability to ensure design performance. Moreover, method usage migalkso play a
crucial role in coordinating design activities in a teamDaalhuizen & Hjartarson, 2022)

One way design methods can prompt reflection is by making up fonindware gaps Mindware can be
thought of as cognitive software, including procedures, strategies, and mindset, on which the analytical
System 2 relies to overwrite System (Daalhuizen & Hjartarson, 2022; Stanovich, 2009Without the
necessary mindware a method user would be unable tassess the appropriateness of a methodbr
identify any needs foradjustment in its usage leading to the type of cognitive erra Stanovich (2009)
refers to asmindware gaps That is, a failure to prompt reflection on the application of the method, due to
a lack of insights into what methods are appropriate and how they should functiorn lieu of experience

or in novel situations design methods canprovide information about the relationship between

sequences of design activities the goalthe method useris trying to achieve,and other factors that
determine the appropriateness of the design activities in the specific design situationsee Daalhuizen &
Cash, 2021) This ties into the important role of method content and the need for methods to contain the
necessary information for prompting reflection onmethod goal, method procedure, method framing,
method rationale, and method mindset (see Daalhuizen & Cash, 2021 5imilarly, methods can also help
bridge mindware gaps in relation to the broader conception of the design space and the design problem
Bydirecting focus to specific elements of thedesign situationthat otherwise might have beenoverlooked
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or ignored (see Daalhuizen, 2014; Dalsgaard, 201fhethod usage canprompt reflections that otherwise
would not have occurred, thus helpingeduce bias, blind spots, and oversights

More generally,even if a designer has the appropriate mindwaraleliberate method usagemight limit the
risk of cognitive misers,where the method user defaults to System 1 thinking or fails to override the
System 1 processing(see Stanovich, 2009)That is to say, by intentionally engaging System &iethod
usage or even the deliberate application ointernalised design activities might ensure critical reflections
on both the design activities and the problem and solution spacéhat an intuitive use would not.This
goes beyond the ability of method usage to mitigate mindware problems and into ttability of the design
method to facilitate the exploration of the design space Method usagebecomes a means to ensurehe
deliberate exploration of the desgn space,potentially increasing the creative potential,the quality of the
design solution and, thus, theperformance of the method user.

Considering howmethod usagemitigates mindware gaps andprompts critical reflection on aspects of
the design space that might otherwise be overlookedt is clear howmethod usagecan mitigate, among
other things, risk, oversights, and errors and alignment with industry and safety standargall benefits
associated with method usage(see Cross, 2008; Curry, 2014; Hjartarson & Daalhuizen, 2021; Jagtap et
al., 2014; Lawson & Dorst, 2009; Newstetter, 1998Furthermore, it detailshow design methods can
stand in for practice knowledge and expertise in lieu of trainingas suggested bysweller (2023). However,
when it comes to theresolution of the design problem this function of method usage also pointsoward
the importance ofthe fit betweenthe method and the design situationand whyspecialised design
methods can become problematic when transferred to new design situationsf the method prompts
reflections on elementsnot crucial for the specific design situation it could overemphasise optimisation
in a situation where creativity is more appropriate or vice versa, the methagsagediverts cognitive
resources away from the actual resolution of the design ptdem. Conversely, it also shows why
specialised methods might be necessaryin situations where there is little room for erroror specific
aspects of a design situation need to be deliberately considered and reflected upon.

Method usage mightalso play a crucial role in mitigating the effect otontaminated mindware.
Contaminated mindware relates to misaligned or faulty knowledge structures and beliefs, leading to
erroneous conclusionsor inappropriate, even counterproductive decisions orbehaviours (Daalhuizen &
Hjartarson, 2022; Stanovich, 2009)In using methods, inappropriate practicesinternalised by the method
user can potentially beoverridden, ensuring more appropriateresponses toa situation and its needs.
Furthermore, in prompting reflection on practice, method usage can aicthe method userin identifying
and adjusting contaminated mindware. Conversely, mindware can also be contaminated by
inappropriate method usage or methods prompting inappropriate practicesDue to the general tendency
of our brain to default to the least cognitive taxing procesgStanovich, 2009) designers might default to
familiar design methods or activities withouteverevaluatingtheir effectiveness, resulting in
inappropriate method usage andsubstandard mindware. Thishighlights both the importance of
reflecting on the application of a methodto ensure appropriate useand the importance ofdesign
methods aligning with good practices. This also points towards the importance of validatiorand testing
of design methodsto avoid the cultivation of contaminated mindware, as highlightedby Daalhuizen and
Hjartarson (2022)

The above discussion has highlighted the need to distinguish between the cognitive resources allocated

to applying a method and those allocated to the design activities it prompts. Method usage is not a goal

in and of itself, and by distinguishing betweerognitive resources needed to apply a method and those

used on the design activities it prompts, the discussion provides a crucial distinction for understanding

both the role of method usage in the design process and in the development of design practicasd

expertise. Method usage, in terms of ensuring effective and appropriate design activities, is primarily in
FIUI2RANDWY NWSWWeEdNY!I Ra6GRAHWAGRUT We UT WagsWwRrYUqRUe Yet WRE
the same time, design methods might suppa the reflective mind, both in relation to reflection on

practice and, more importantly, by ensuring deliberate and more extensive reflections on the design

space and potential solutions.
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Outlining the cognitive processing related to method usage and how methods facilitateflections adds
nuances to the model ofMethod Teaching(Figure5-2) presented in Article I1.The role of method usage in
filling in gaps in the mindware, prompting reflections, and adjusting for contaminated mindware
highlights how design methods facilitate learningln cultivating effective design strategies, both in terms
of design activities and the underlying cognitive processes like information processing, method usage
ensures the necessary mindware for the algorithmic mind to become more cognitively efficient wine
designing, ensuring that when System 2 takes over from System 1, it does so in the most efficient way
possible. Moreover, the model of Method Teaching(Figure5-2) helps explainhow reflections prompted
by method usage are translated into actions. Bawing onKolb's (2015)Learning Cycle reflections help
conceptualise experiences into an understanding of a situationwhich is thentested in the real world
through actions aligning with this understanding Consequently, by outlining how method usage helps
prompt reflection, this dissertation adds to the discussion of how cognitive processes supportesign
activities (see, e.g., Cash & Kreye, 2017, 201,8) process put at thecentre of Daalhuizen and Cash's
(2021)model of method usage Figure2-4).

8.3.2 Design Mindset and Cognitive Efficiency

The above discussiorprovides a foundation for framing design mindsetin relation to the cognitive
processing of method usageand tyingit to cognitive efficiency. A WG¢ | q WY n WI 13+ RE3ignI |1 + k Wa ROT
mindset plays a crucial role in ensuringhe effective processing of the algorithmic mindand enabling
productive reflection in relation to the application of a method.An alignment between the method users'
beliefs and values and the underlying ideas of the method should make it easier for the method user to
process and understand the method content and overcome deficiencies or conflicts in the information,
resulting inthe method requiring fewer cognitive resources to be use(see Daalhuizen & Cash, 2021)
Consequently, having a mindset that aligns with effective design practiceshould allow the method user
to identify the affordance of a method, make good method choices, and efficiently adjust to any
shortcomings or unique requirements of the design situation

In this light, themethod-mindset fit, highlighted as crucial for effective method usagéAndreasen, 2003;
Daalhuizen & Cash, 2021)influences method usage intwo distinct ways. Firstly,in reverse ofd IJq 6 YT t K LU
ability to make up for missing mindwarediscussed above, design mindsetaligning with a methodshould
allow a method user to fill in gaps in the method contentprompting the necessary reflection to ensure
appropriate and effective method usage despite shortcomings of the method Secondly,a good method
mindset fit is likely to mean that the algorithmic minds already have appropriate mindware to implement
the method efficiently, reducing thecognitive loadneeded to reflect on the method andinstallkthe
appropriate mindware. In theory, this should allow the method user to dedicate more cognitive resources
to the reflections related to theexploration of the design space increasing thecreative potential and,
ultimately, the quality of the design output However, considering that reflections generallyare triggered
by encountering something unexpectedA. Y. Kolb & Kolb, 2022)vith a goodmethod-mindset fit also
follows arisk of cognitive misers, where the method usage failgo prompt appropriate reflections. As
already discussed, his mightnot be problematic under foptimal Kconditions, but in practice, it is likely to
harm design performance.Failing to prompt reflection, the application of the method could potentially
become substandard oreven inappropriateto the detriment of both efficiency and design performance
Furthermore, this would indicate that thepotential of the design method as a teaching tools limited by
increased method-mindset fit. Even sq a good method mindset fit should increase the chances of
appropriate and cognitively efficient method application, reducing thecognitive loadexperienced by the
method user. This efficiency should furthermore allow the method user to inveshore cognitive
resources into the development of the design solution, thus increasing performance and ensuring high
cognitive efficiency.

Without an alignment betweena design mindsetand a method, the method user might still be able to
apply the method appropriately and achieve good design outcomedHowever, it is likely to require
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significant cognitive effortand, consequently, take away cognitiveresources that could have been
dedicated to the development of the design solutionIn design processes where theognitive loadis

high, a poor methodmindset fit could result in cognitive overload hinderingefficient cognitive

processing further anddiminishing decision-making quality (see Paas & Van Merriénboer, 1994; Sweller,
1988, 2023)

The idea of method fitmight be expanded beyond the fit between method and mindset. It seems likely
that personality traits, like the ones found to influencedesignmindset in Inquiry I, would also influence a
broader fit between method and method user. For example, a user with lommbiguity tolerance might
find it more challenging to use divergenfocused methods aiming at opening up the design space or
methods only providing general instructions rather the specific instructionsFollowing a similar logicas
for method-mindset fit, this would likely also influencemethod usage andcognitive efficiency.

8.3.3 Good Design Methods and Performance

The above discussiorighlights the central role of the method user irsuccessful method usage.lIt also
raises the question of what a good design method is and doe$aking theconsequence of the framing of
method usage as presented in this dissertationit seems appraopriate to reframe how we talk about
method performance. The methodcentric perspective, which has dominated design research{see

Dorst, 2008) and is evident in relation to the systematic design methodand the importance put on
following a method as prescribed would suggestthat it is the methods that ensure good performance.
Fromthis perspective, it is the method userthat influences the effectiveness of a method However,
considering methods as mental tools, facilitating thecognitive processes and design activities of the
user, it is not the design method that performs but rather the method usetn other words, it is the
GNqdYT Wadecaqlld VYT 131 ¢ qldt WaWhildld mihor RHXtUnldrandirg iiLhEtiah empHagison0 # 1J
methodskKability to facilitate design activities efficiently, highlighting the potential impact ofthe
manifestation of methods, as well as the method contenandq 6 IJ WG W q 6 YT kt Wn Ralls Raé Wa 6 1JL
needs and abilities From the cognitive load perspective, design methods shouldfacilitate cognitive
efficiency either byreducing the cognitive loadof a designer,increasing performance, or some
combination of the two. Compared with the method-centric perspective, this highlights the requirements
to design methods, which should not onlyensure quality outcomes but alsothe effectiveness ofthe
method user inachieving them.This furthermore highlights the role of methods in developing efficient
design practicesand helps explain whydesigners tend to abandornthe systematic application of

methods as their expertise increasesFor method usage to make sense from theognitive load
perspective, the added cognitive effortsneededto apply a method should beoffset by increased
cognitive efficiencywhen compared tothe alreadyinternalised design practices of the designer.
Consequently, the ability of design methods to facilitate performance efficiently becomes increasingly
pertinent to their relevance as the abilities of the method user increaselhis mighthelp explain why more
experienced designersprimarily seek out newmethods in novel orcomplex situations (Gericke et al.,
2016; Schgnheyder & Nordby, 2018)n such situations, the increasedcognitive load of making sense of
the situation might justify the additional cognitive effort of finding and applying a design method.

In relation to method development this framing of methodperformance calls for a broader consideration
of not only the design situationand the design activitiesneededto resolve itbut also of the individual
method user, their expertise, mindset, and personality traitsConsidering the role ofdesign mindsetin
method usage as outlined above,it might be beneficial to consider how differentusers are supported by
different methods, method manifestations, and method content. For some users, a detailed procedure
might be necessary to facilitate the design actities, while others might only need a simple checklist or
heuristic to prompt them. Recognisingsuch differences whendevelopinga design methodcould help
ensure that methods are eitherexplicit about who their target audienceis or are manifested in such a
way as toaccommodate the diverse needs and cognitive profiles of individual userdt might even
facilitate the creation of novel methods and design approachesyutilising alternative design activitiesto
achieve similar method outputs as existing methodsbut accounting for individual design mindsetsor
preferences. For example,how would a version of themorphological chart function if it highlighted
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iteration rather than upfront analysis of subfunctions/problems? As such, this perspective on method
performance not only highlights the wsability of design methods but also encourages innovation in
method development. By aligning methods more closely with the needs ofiethod users, method
developers can create tools that are more inclusive, flexible, and effective, ultimately contributing to
better design outcomes, better mindware, and advancingdesign practice. That being said such
personalisation of methods might not be practically viable, but the concept presents an interesting
academic exercisefor investigating the interactions between design methods and method userand
understanding how they facilitate design performance.

While on the subject of design performance, the above discussion on method usage, the underlying
cognitive processes at play in the usage, and the role design mindsethas generally highlighted the role
of practice knowledge related to the efficient and effective application of design methods and design
activities. However, as touched upon several times, to ensure the quality of the design output, it is
paramount that the reflection prompted by method usage goes beyond the application of the method
and into the exploration of the design space. While practice knowledge is important in ensuring the
efficient processing of the algorithmic mind, domain knowledge is likely crucial in ensuringognitive
efficiency when exploring the design space. Consequently, future research investigatingpgnitive
efficiency in design should also expand on the role of domain knowledge and how it influences method
usage.

8.4 Implications for Practice

As already indicated, he work presented in this dissertation,operationalising design mindset, developing
conceptual frameworks, anddescribing the relationship betweenmethod usage andcognitive load, lays
the groundwork forimpacting designresearch, education, practice, and method development.

The operationalisation of constructs such asdesign mindsetand integration of thecognitive load
perspective opened new avenues for design research. They offdre foundation for researchingthe
interaction between methods and method usersin amore rigorousway. The provided frameworks serve
as tools for bridging the gap between qualitative and quantitative approaches, enabling researchers to
investigate the interaction between methods and methodusersin a more systematic and replicable
manner. Moreover, this work encouragesfurther refinement of research methodologies, guiding future
inquiries into design activities by linking cognitive science with desigspecific challenges.

Adding to the theoretical understanding of the phenomenon of method usagéhis dissertation also
provides important insightthat could benefit further method development.Not only hasit argued for the
need for consideringthe manifestation of the method, the method content, as well as methodmindset fit
to ensurethe cognitive efficiency of the method user,by integrating Cognitive Load Theory, it has also

taken the first steps towardsevaluating design methods effectiveness as mental tools.This encourages

the development of methods that are not only effective in achieving design goals but also flexible enough
to accommodate the evolving needs of designers across varying levels of expertise and different design
contexts. Ultimately, the dissertation paves he way for creating moreefficient methods both in terms of
creating quality design solutions andimproving the skills and practices of method users.

Finally, the dissertation hasemphasisedthe central role of method usage in fostering the development of
adesign mindset, an essential component of becoming an effective designer. By demonstrating how
method teaching influences the development ofdesign mindsetand how individual and contextual
factors shape this process, the dissertation provides educators with actionable insights to enhance the
teaching of desigh methodsand the development ofdesign mindset For instance,recognisingthe
interplay between personality traits, cognitive capacities, and method usage allows for more
personalised teaching approaches that align with the needs of diverse learners. The dissetian also
underscores the importance of reflective practices during method usage, offering a basis for integrating
reflective exercises into design curricula to reinforce the development of professional desigmehaviours.
Furthermore, the cognitive load perspective contributes to educational strategies by encouraging the
design of learningexperiences that balance mental effort with skill acquisition. These contributions
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equip educators and practitioners with tools to nurture adaptive, reflective, and effective designers
capable of tackling complex design challenges while fostering a lifelong engagement with method usage.

This combination of theoretical depth and practical relevancesolidifies the dissertation's contribution to
the discourse on design methods and their users. By advancing our understanding of method usage, it
inspires future research, education, and practice to foster more inclusive, adaptive, and effective design
approaches.

8.5 Limitations and Future Research

As an underexplored aspect of an underexplored phenomenon, the investigation of the interactions
between design methods and method users haventured into uncharted territory. To frame the
phenomenon and define its components,it, therefore, has been necessary to integrateheories from
outside the design field operationalise constructs, and develop instrumentsto capture them.
Consequently, the work presented in thisdissertation has predominantly beenconceptual in nature,
resulting in less empirical support for the concepts and ideas presented than would have been ideal and
were originally envisioned This isalso reflected in thepreliminary nature of the empirical work.The
Design Mindset Inventorywith itt Wl 138G ¢ qR2 30! Wa Y)mandindicit&dytétdieRaing itlhsD- LI LM OP =
Mindset0.1, is only apreliminary instrument for capturingdesign mindset Similarly, the study presented

in Article 1V is only a pilot study, and itsesults are only an indication of the potentialrelationship

between cognitive efficiencyand the use of systematicversus heuristic design methods.The

inconclusive results highlightthe challenges ofcapturing cognitive load, as well as measuring
performance on design tasks and in doing sqalso display thestill emerging understanding ofcognitive
load in relation to method usage in design.

The limited empirical support of the conceptualwork has been furthermreinforced by the dual focus
represented by thetwo strains of inquiry. The split between the two inquiries has limited the depth and
scope of both and, as such, the dissertation. This could have been remedied somewhat if the
relationship between the two constructs ofdesign mindsetand cognitive loadhad been investigated in
the pilot study as originally intended. However, due to an error in the implementation of tHeesign
Mindset Invertory in the data collection for Article IV (Chaptef7), we were unable to make connections
between design mindset, performance on design tasks, andcognitive efficiency. Drawing this connection
would have strengthened our understanding of the role afesign mindsetin method usage and should be
pursued in future research.While the split between the two inquiries comes at the cost of depth and
detail, it allows for a broader exploration of the phenomenon of method usage, providing complementary
perspectives that contribute to a more holistic understanding of the interactiorbetween design methods
and method users.

The limited empirical support for the conceptual work presented in this dissertation underscores both its
challenges and its opportunities. On the one hand, théimited empirical support minimises the

immediate applicability of the findings, leaving key questions unanswered about the operational viability
of the frameworks and constructs introduced. On the other hand, thiglso highlights the potential for
future research to build upon the foundational work presented here.

One promising area for future research relates to the construct afesign mindset First of all, theDesign
Mindset Inventorycalls for further refinement to improve reliability, ensureit captures the construct of a
designmindset, that the theoretical underpinning of the subconstruct is supported, and improvehe
explanatory power of the inventoryMore research is also needed to understand the relationship between
design mindsetand other constructs relevant to design. While we investigated its relationship to the
three personality traits, ambiguity tolerance, self-efficacy, and sensation-seeking, the relationship to
other constructs, e.g. the Big Five personality types, growth mindset, and instruments designed to
measure creativity or design capabilities, would advance not only our understanding design mindset
but also help paint a more nuanced picture of designers and their characteristics. Such investigations
could also include its relationship with educational background or specific design domains. However, it
is perhaps most crucial to establish a correlaton betweendesign mindsetand design performance to
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ensure the inventory actually captures the construct ofiesign mindsetas we have defined it. In
establishing the relationship betweendesign mindsetand design performance, it is natural to also
explore thedesign mindset'srole in applying design methods efficiently and test théypothesised
importance of method-mindset fit. For example, does methodmindset fit allow designers to use an
unfamiliar method even when the method content is poorly described, and does the fit reduce the
cognitive loadof the method user?

Research into cognitive loadand cognitive efficiencyin design has potential, especially in relation to the
validation of design methods and exploration of their effectiveness under varied conditions. By leveraging
these constructs, researchers can evaluate how different methods influence designers' mentagffort,
problem-solving capabilities, and overall performance. Cognitive Load Theory provides a framework for
understanding the mental demands placed on designers during method usage, enabling researcisao
assess whether methods facilitate or hindercognitive efficiency. For example, future studies could
employ A/B testing to compare different manifestations of a design method such as a detailed
procedural guide versus a heuristic checklisy to determine which format better supports cognitive
efficiency and design performance. Such investigations would not only provide empirical validation for
design methods but also inform their development, ensuring methods are tailored to reduce
unnecessary cognitive load while maximising effectiveness. Researching design through the lens of
cognitive loadalso has the potential to expand our understanding of design on a cognitive level. For
example, cognitive loadmight play a similar role as uncertainty in guiding desigbehaviours, as

described by Cash, Goncalves, et al. (2023 their cognitive co-evolution model. Establishing such
relationships could support the conceptual framework presented in Article .

Generally, the challenges encountered in capturing the method users'role in method usageemphasise

the need formore sophisticated methodologies and tools capable of capturing thecomplexity of the

phenomenonY n WG W qdé YT Wet ¢ nNWIWe UT LWaq.@Bidrdfihikhdnétiirhelits [tkdXtheDegigd! Y @ 1J WR U WF
Mindset Inventory, expanding the empirical investigation otognitive load, and exploring method

mindset fit in varied contexts, future research carbuild on the theoretical contributions of this

dissertation to expandthe theory-building effort of understanding thephenomenon of method usage and

the interaction between design methods and method users.
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9 Conclusion

This dissertation set out to explore the phenomenon of method usage in design by examining the

interaction between design methods and method users. It has investigated the development désign

mindset through method teachingand usage and how using systematic or heuristibased design

methods influences cognitive efficiency. As such, t has placed the method user at thecentre of this

phenomenon, illuminating the dynamic nature of method usage, where the success of a method
depends not only onthe methodbz q WY U WG Y5 Ws DG 0 WRaWe GRNUY Ws Ra6 Wad JWet 1J1
capabilities.

By anchoring the research in existing theories from cognitive psychology, this dissertation integrates
design research into a broader theoretical discourse, linking it with established principles of cognition,
learning, and problemsolving to provide a mulidisciplinary perspective on method usage. By applying
Cognitive Load Theory to design, the research highlights the mental demands inherent in method usage
and their implications for method effectiveness and efficiency. This perspective encourages future
research to explore how different methods can be designed or adapted tminimise cognitive loadwhile
optimising performance and, thus,cognitive efficiency. It also positions cognitive efficiency as a
promising metric for assessing method performance despite the challenges of measuring it in practice.
As such, this dissertation opens new avenues for understanding the interaction between designers and
design methods, providing a structured and quantifiable approach to evaluating method effectiveness. In
doing so, it advances both theoretical development and the practical assessment of design methods,
fostering a deeper understanding of the factors that influence successful design outcomes.

Furthermore, tyingdesign mindsetand cognitive loadtogether, this dissertation has outlined the
relationship between design mindset, method-mindset fit, and cognitive efficiency, providing crucial
insights into the phenomenon of method usage and the interaction between methods and method users.
Assuch, this dissertation contributes to the growing body of work and theorpuilding surrounding
method usage, adding nuances to the current understanding of method usage and the reciprocal
relationship between the method user and the methods they use. It hasivestigated gaps in the current
understanding of the phenomenon and contributes the tools for future research to continue the
exploration of these gaps and refine the principles underlying effective method usage. Adding to the
theory-building efforts, this dissertation strengthens the design field's capacity to address increasingly
complex and dynamic design challenges, laying the groundwork for developing better design methods,
training, and, ultimately, ensuringbetter design practices.
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Appendix A

Pre-Intervention Questionnaire (Articles | and II)

EIE

i
— 0% completed

You are being invited to participate in a research study titled Innovation mindset. You were selected to participate in this
study because of your participation in the course Innovation in engineering at DTU. This study is conducted by Jakob
Clemen Lavrsen from the Technical University of Denmark — DTU.

This survey is part of the courses ‘Innovation in Engineering’ and ‘Facilitating Innovation in Multidisciplinary teams. The purpose
of this survey is twofold. First, it aims to trigger reflections regarding aspects of your personality in the context of innovation that
will be the foundation for an exercise later. At the same time, it aims to research innovation mindset and its relation to other
personality traits. You will be asked to complete two online gquestionnaires, one now and one at the end of the course. It will take
you approximately 20 minutes to complete each..

We will collect data on personality traits, innovation mindset, and demographic data (e.g., age, gender). We will also ask you for
your student identification number in order to connect the two datasets. After this, the data will be anonymized. The data will be
stored on secured servers at DTU.

We hope that your participation in the study will expand our knowledge of innovation and how to develop innovation
competencies. This research study is conducted by Jakob Clemen Lavrsen from the Technical University of Denmark — DTU. If
you have guestions about this project or a research-related problem, you may contact the researcher, Jakob Clemen Lavrsen
(jclla@dtu.dk).

By clicking “l agree™ below, you indicate that you are at least 18 years old, have read and understood this consent form, and
agree to participate in this research study. Please print a copy of this page for your records. If you click “Next” without selecting “|
agree”, your data will not be used for research purposes.

() Yes, | agree

Please type in the six digits of your DTU student identification number. Your student |D will only be used for connecting data from
the two questionnaires.

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021 Leave and delete my data |
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=
=
=

17% completed

I

1. What is your gender?
() Female

) Male
() Other

() Prefer not to answer

2. How old are you?

| am D years old

3. Master’s degree specialization

| [Flease choose] v

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021 Leave and delete my data |
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=
=
=

I

33% compleied

4. Motivation for taking course

Strongly disagree Strongly agree

| am excited to take the course O O O O O O O
O O O O O O

| will use innovation tool in my future work ®]

5. What is your motivation for taking this course?

Shortly describe your motivation in 250 characters or less.

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021 Leave and delete my data |

=
=
=

Y

50% completed

Practical experience with innovation

Please input the number of courses have you completed containing learnings objectives and/or course content relating to
innowvation.

How many courses have you completed

containing learnings objectives and/or course \:' course(s)
content relating to innovation?

Please input the approximately amount of months of practical experience with innovation and development projects you have
outside of school as an intern, employes, volunteer, as part of a start-up, etc.

How much experience outside the classroom do
you have working with innovation? \:l il

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021 Leave and delete my data |
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=
=
—

I

67% completed

6. Personality type

Please choose the four letter personality type you got in the personality test at: 16personalities.com

[[Please choose] v |

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021 Leave and delete my data |

=
d
s

-
— 3% completed
Personality traits and innovation mindset
Please indicate to what degree you agree or disagree with the following statements.
Strongly disagree Strongly agree
Q 1 2 3 4 ] 5]

| avoid settings where people don't share my values.

| can enjoy being with people whose values are very different from mine.
| would like to live in a foreign country for a while.

| like to surround myself with things that are familiar to me.

The sooner we all acquire similar values and ideals the batter.

| can be comfortable with nearly all kinds of people.

If given a choice, | will usually visit a foreign country rather than vacation
at home.

A good teacher is one who makes you wonder about your way of looking
at things.

A good job is one where what is to be done and how it is to be done are
always clear.

A person who leads an even, regular life in which few surprises or
unexpected happenings arise really has a lot to be grateful for.

What we are used to is always preferable to what is unfamiliar.

OO0 O O O 000000 O0
OO0 O O O 0000000
OO0 O O O 000 0O00O0O0
OO0 O O O 000000 O0
OO0 O O O 000 0O00O0O0
OO0 O O O 000000 O0
OO0 O O O 0000000

| like parties where | know most of the people more than ones where all or
most of the people are complete strangers.
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Strongly dizagree Strongly agree
| can always manage to solve difficult problems if | try hard enough.

If someone opposes me, | can find the means and ways to get what |
want.

It is easy for me to stick to my aims and accomplish my goals.
| am confident that | could deal efficiently with unexpected events.

Thanks to my resourcefulness, | know how to handle unforeseen
situations.

| can solve most problems if | invest the necessary effort.

| can remain calm when facing difficulties because | can rely on my coping
abilities.

When | am confronted with a problem, | can usually find several solutions.

o0 OO0 OO0 OO0

If I am in trouble, | can usually think of a solution.

OO0 00 OO0 OO0
OO0 00 OO0 OO0
OO0 00 OO0 OO0
OO0 00 OO0 OO0
OO0 00 OO0 OO0
OO0 00 OO0 OO0

| can usually handle whatever comes my way

O

Strongly disagree Strongly agree
| would like to explore strange places.
| get restless when | spend too much time at home.
| like to do frightening things.
| like wild parties.
| 'would like to take off on a trip with no pre-planned routes or timetables.
| prefer friends who are excitingly unpredictable.

| would like to try bungee jumping.

O 000000 O0
O 000000 O0
O 000000 O0
O 000000 O0
OO0 00000 O0
OO0 00000 O0
OO0 00000 O0

| 'would love to have new and exciting experiences, even if they are illegal.
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It is important to challenge the problem statement before trying to sclve
the problermy.

Problems should be well defined and fully understood before attempting to
develop a solution.

To make the future better, you should not try to sclve teday’s problems but
imagine a new future.

‘You should spend more time on building the solution then understand the
question.

It is more important to spend time generating many ideas than it is to
refine a few.

As soon as you have a good idea, you should move from idea generation
to idea refinement.

Representing ideas in non-verbal ways — using diagrams, sketches,
prototypes, dramatization, etc. — are essential in understanding a problem.

Sharing ideas with others throughout the process makes them better.
It iz important to look at a solution from different stakeholder perspectives.

Once you have a good idea, you should not waste time figuring out how it
might fail.

A failed experiment can be as important as a successful one.

It is more important to spend time testing continuously than to test the
end-result.

Even late in the process, you should pivot and rethink a solution if learning
something important.

If done right, you should not have to revisit past stages of the innovations
process.

It is more important to follow a process than to adapt to the circumstances.

Methods are more a guideline than rules you must follow.

Jakob Clemen Lavrsen, Technical University of Denmark - DTU — 2021

Strongly disagree

O

OO0 O O OO0 OO0 O O O O O O

O

OO0 O O OO0 OO0 O O O O O O

OO0 O O OO0 OO0 O O O O O O O

OO0 O O OO0 OO0 O O O O O O O

Strengly agree

O

OO0 O O OO0 OO0 O O O O O O O

OO0 O O OO0 OO0 O O O O O O O
OO0 O O OO0 OO0 O O O O O O

Leave and delete my data |
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=
—

I

Thank you for completing this questionnaire!

We would like to thank you very much for helping us.

Your answers were transmitted, you may close the browser window or tab now.

Jakob Clemen Lavrsen, Technical University of Denmark - DTU - 2021
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Appendix B

Post-Intervention Questionnaire (Article I1)

01U

o
>

0% completed

Please type in the six digits of your DTU student identification number. Your student ID will only be used for connecting data from

the two questionnaires.

Student ID

Jakob Clemen Lavrsen, Technical University of Denmark - DTU - 2021

[—]
p—]
[ —t

i

| avoid settings where people don't share my values.

| can enjoy being with people whose values are very different from mine.

I would like to live in a foreign country for a while.
| like to surround myself with things that are familiar to me.
The sooner we all acquire similar values and ideals the better.

| can be comfortable with nearly all kinds of people.

If given a choice, | will usually visit a foreign country rather than vacation

at home.

A good teacher is one who makes you wonder about your way of looking

at things.

A good job is one where what is to be done and how it is to be done are

always clear.

A person who leads an even, regular life in which few surprises or
unexpected happenings arise really has a lot to be grateful for.

What we are used to is always preferable to what is unfamiliar.

| like parties where | know most of the people more than ones where all or

most of the people are complete strangers.
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[} 1

& @ @ @ @ @ 6 @& 8 & & @
QOO O O GO ONOTOT0 O

[N)

@i(s) @ @ & @ @ @ 8 6 @ @&
& &) & @ @ @) @ @ & 6 0 @&
@8 @ (@& & @ s (s 86 @ @
@l (@) (6 (@ &) @ 6 @] se 8 @
@) 8] @ @ @ @ 6 @ @& @ @ @

50% completed
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Strongly agree
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| can always manage to solve difficult problems if | try hard enough.

If someone opposes me, | can find the means and ways to get what |
want.

It is easy for me to stick to my aims and accomplish my goals.
| am confident that | could deal efficiently with unexpected events.

Thanks to my resourcefulness, | know how to handle unforeseen
situations.

| can solve most problems if | invest the necessary effort.

| can remain calm when facing difficulties because | can rely on my coping
abilities.

When | am confronted with a problem, | can usually find several solutions.
If | am in trouble, | can usually think of a solution.

| can usually handle whatever comes my way

| would like to explore strange places.
| get restless when | spend too much time at home.
| like to do frightening things.

| like wild parties.

()

| would like to take off on a trip with no pre-pl d routes or ti
| prefer friends who are excitingly unpredictable.
| would like to try bungee jumping.

| would love to have new and exciting experiences, even if they are illegal.

Strongly disagree

OO0 OO OO0 OO

@) @l @ @ 6 @ @ 6 @) 6

Strongly disagree

ONORON O OFORORO
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Strongly agree
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Strongly agree
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Strongly disagree Strongly agree
It is important to challenge the probl before trying to solve O (@
the problemy.
Problems should be well defined and fully und d before pting to

develop a solution.

To make the future better, you should not try to solve today’s problems but
imagine a new future.

You should spend more time on building the solution then und d the
question.

It is more important to spend time generating many ideas than it is to
refine a few.

As soon as you have a good idea, you should move from idea generation
to idea refinement.

Representing ideas in non-verbal ways — using diagrams, sketches,
prototypes, dramatization, etc. — are tial in und: ding a probl

Sharing ideas with others throughout the process makes them better.
It is important to look at a solution from different stakeholder perspectives.

Once you have a good idea, you should not waste time figuring out how it
might fail.

4

Afailed experil can be as imp asa | one.

It is more important to spend time testing continuously than to test the
end-result.

Even late in the process, you should pivot and rethink a solution if learning
something important.

If done right, you should not have to revisit past stages of the innovations
process.

It is more imp to follow a p! than to adapt to the circumstances.

S @ 8 & @& s ee @B 6 & @ & @

@0 e el e e eilelie e e @ s el e e
8 & @& B @8 & & 6 & B & @& & @ &
OO O O OROMOFOFO OO OO OO O
@) & & @ @ @ G 6 @ o @ @ @ @& @ (0
OO OF OF OFQMORON QO OO O OO OO
@) @] @ @ @ @ @& 6 @ @ @ @ o @O @

Methods are more a guideline than rules you must follow.

Jakob Clemen Lavrsen, Technical University of Denmark - DTU - 2021

=
=
=

i

Thank you for completing this questionnaire!

We would like to thank you very much for helping us.

Your answers were transmitted, you may close the browser window or tab now.

Jak lemen Lavrsen, Te ical Uni y of D -DTU -2021
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Proportions of Educational Backgrounds in the Sample (Article I)

Appendix C

Educational background Counts Total Proportion (%)

Advanced Materials and Healthcare Engineering 2 473 0.4
Applied Chemistry 5 473 11
Architectural Engineering 46 473 9.7
Autonomous Systems 22 473 4.7
Bioinformatics and Systems Biology 9 473 1.9
Biomedical Engineering 2 473 0.4
Biotechnology 35 473 7.4
Business Analytics 16 473 3.4
Chemical and Biochemical Engineering 35 473 7.4
Civil Engineering 32 473 6.8
Computer Science andEngineering 25 473 53
Design and Innovation 15 473 3.2
Earth and Space Physics and Engineering 11 473 2.3
Electrical Engineering 24 473 5.1
Engineering Acoustics 5 473 11
Environmental Engineering 5 473 11
Food Technology 5 473 1.1
Human-Centered Atrtificial Intelligence 2 473 0.4
Industrial Engineering and Management 37 473 7.8
Materials and Manufacturing Engineering 10 473 2.1
Mathematical Modelling and Computation 2 473 0.4
Mechanical Engineering 13 473 2.8
Pharmaceutical Design and Engineering 28 473 5.9
Photonics Engineering 1 473 0.2
Physics and Nanotechnology 2 473 0.4
Sustainable Energy 64 473 135
Technology Entrepreneurship (cand.tech.) 2 473 0.4
Transport and Logistics 9 473 1.9
Wind Energy 6 473 1.3
Other 3 473 0.6
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Appendix D

Proportions of Educational Backgrounds in the Sample (Article I1)

Educational background Counts Total Proportion (%)

Sustainable Energy 32 254 12.6
Architectural Engineering 27 254 10.6
Biotechnology 22 254 8.7
Civil Engineering 19 254 7.5
Chemical and Biochemical Engineering 18 254 7.1
Industrial Engineering and Management 18 254 7.1
Pharmaceutical Design and Engineering 14 254 55
Electrical Engineering 13 254 5.1
ComputerScience and Engineering 12 254 4.7
Design and Innovation 9 254 35
Autonomous Systems 8 254 31
Earth and Space Physics and Engineering 8 254 3.1
Business Analytics 7 254 2.8
Mechanical Engineering 7 254 2.8
Transport and Logistics 7 254 2.8
Materials and Manufacturing Engineering 6 254 2.4
Bioinformatics and Systems Biology 5 254 2
Wind Energy 3 254 1.2
Others 3 254 1.2
Advanced Materials and Healthcare Engineering 2 254 0.8
Applied Chemistry 2 254 0.8
Engineering Acoustics 2 254 0.8
Environmental Engineering 2 254 0.8
Food Technology 2 254 0.8
HumanCentered Atrtificial Intelligence 2 254 0.8
Biomedical Engineering 1 254 0.4
Mathematical Modelling and Computation 1 254 0.4
Physics and Nanotechnology 1 254 0.4
TechnologyEntrepreneurship (cand.tech.) 1 254 0.4
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