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Abstract

This study investigates the effects of using design thinking on students’ problem solving
and creativity skills, applying a constructivist learning theory. A course where students
use design thinking for analyzing real problems and proposing a solution, was evaluated.
The study involved 910 novice university students from different disciplines who worked in
teams throughout the semester. Data were collected at three times during the semester, i.e.
at the beginning (t0), in the middle (t1) and at the end (t2), after solving a short case study.
Each time the problem solving and creativity skill of each student was rated by three differ-
ent actors, i.e. the students themselves (self-evaluation), one peer and one teacher (facilita-
tor). The objective of this study is to investigate whether the problem solving skills and
creativity skills improved along the course, as rated by the three actors. A repeated meas-
ures ANOVA was used for the data analysis of this within-subjects design. Results show
a significant improvement on students’ problem solving and creativity skills, according to
the three raters. Effect sizes were also calculated; in all cases the effect sizes from tO to t1
were larger than t1 to t2. The multi-actor perspective of this study, the adoption of reliable
and valid measures and the large sample size provide robust evidence that supports the
implementation of design thinking in higher education curriculum for promoting key skills
such as problem solving and creativity, demanded by labor markets. Finally, a discussion
that puts forward an agenda for future research is presented.
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Introduction

Higher Education Institutions (HEIs) face the challenge of promoting in their curricula
the demands of labor markets in a world that is constantly changing, more technolog-
ically-driven and presenting ill-defined problems (Griffin et al., 2012; Wan and Gut
2011). Among the top five skills in demand for 2025 are problem-solving and creativ-
ity (World Economic Forum, 2020), often referred to as twenty-first century skills in
terms of the new abilities students should be able to do to surpass the basic skills and
knowledge expectations of the past, especially when considering the implementation of
new technologies (Binkley et al., 2012; Lemke, 2002). One educational approach that
fosters the development of these key skills, is labeled as design thinking (Luka, 2020;
Scheer et al., 2012). Design thinking has been used as a means for value creation and
innovation in different fields including business, medicine, science and various stages of
education (Pande & Bharathi, 2020).

Design thinking was first coined by Simon (1969) and it has during recent decades
gained popularity in HEIs contexts (Kleinsmann et al., 2017; Liedtka, 2014; Mat-
thews & Wrigley, 2017; Razzouk & Shute, 2012; Spee & Basaiawmoit, 2016). Moreo-
ver, HEIs perceive the curriculum implementation of design thinking as a safe learn-
ing space where students can work in multidisciplinary teams boosting their skills and
knowledge beyond their fields of study (Wrigley & Straker, 2015). Results from a recent
design thinking review study show that it is mostly associated with skills in educational
settings in terms of: collaboration/teamwork, creativity, problem solving, and empathy
(Guaman-Quintanilla et al., 2018).

Nevertheless, researchers criticize the lack of a systematic assessment of design
thinking results (Liedtka, 2014), as well as the lack of accurate, performance-based
measures to study its impact (Razzouk & Shute, 2012). Moreover, Steinbeck (2011)
criticizes the lack of comprehensive design thinking assessment approaches that fit
the complex nature of design thinking and its application in multidisciplinary settings.
In addition, Spee and Basaiawmoit (2016) point at the absence of statistically robust
empirical studies to underpin design thinking effectiveness.

In this study, we assessed the impact of a compulsory first-year course called ‘Analy-
sis and Problem Solving’ in an Ecuadorian University. In this compulsory course stu-
dents learn how to analyze and solve a real-life problem using design thinking. This
course offers as such as an promising opportunity for measuring students’ problem solv-
ing and creativity skills, as a result of using design thinking in university settings. Data
were collected at three time points during a semester taking into account three raters:
students as self-evaluators, peers and facilitators. To the best of our knowledge, no stud-
ies have adopted a multi-actor perspective to study design thinking impact. Therefore,
the present study sheds light on the impact of design thinking, motivated by: (a) the
HEIs growing interest on design thinking; (b) problem solving and creativity, as the
most-mentioned skills related to design thinking; and the (c) lack of robust empirical
studies to measure the impact of design thinking.

The remaining part of the paper proceeds as follows: First, we review the literature
to define design thinking guidelines on a conceptual and theoretical framework. Next,
the research method and description of the quasi-experimental procedure is provided.
Finally, based on our findings, a discussion that puts forward an agenda for future
research and implications for universities curricula is presented.
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Conceptual and theoretical framework
Design thinking

Authors argue regarding a clear definition of design thinking (Blizzard et al., 2015; Gold-
schmidt & Rodgers, 2013; Johansson-Skoldberg et al., 2013; Kimbell, 2011). One of the
most cited definition of design thinking is: “A discipline that uses the designer’s sensibil-
ity and methods to match people’s needs with what is technologically feasible and what a
viable business strategy can convert into customer value and market opportunity.” (Brown,
2008, p. 2). A detailed analysis of design thinking literature in Higher Education settings,
helped defining the following main characteristics: human-centered approach, solution of
ill-defined problems, creativity, teamwork/collaboration, prototype-driven (Carlgren et al.,
2016; Fleury et al., 2016; Ito et al., 2015; Lugmayr et al., 2014; Patel & Mehta, 2017;
Razzouk & Shute, 2012; Wrigley & Straker, 2015). Design thinking supports dealing with
complex real-life problems, following a human-centered approach and demands students to
be avid interdisciplinary collaborators (Brown, 2008; Scheer et al., 2012). Literature also
shows that the teachers’ role in design thinking is to be seen as a facilitator, rather than
an instructor (Scheer et al., 2012). In a design thinking intervention, the facilitator pre-
sents students with the context that comprises of the challenges, collaborative groups, and
tools and activities (Pande & Bharathi, 2020). Furthermore, facilitators stimulate students
to unleash their creative potential promoting a conducive environment to develop reflection
about what worked and what can be learned from things that did not work (e.g. Kelley &
Kelley, 2013).

In addition, Wrigley and Straker (2015) propose five-steps along an ‘Educational Design
Ladder’ to foster the development of design thinking. The authors point out that by follow-
ing these steps, students acquire knowledge and skills to apply design thinking in differ-
ent contexts and projects. Moreover, building on their approach about ‘design-based learn-
ing’ (Luka, 2020) or ‘design methodology’ (Huang et al., 2019), the scholars put forward
approaches such as: the four-stage process — also called the ‘Double Diamond’ — proposed
by the UK Design Council (2007); the popular five-stage model of the Hasso Plattner Insti-
tute of Design at Stanford University (d.school) (2010), among others. The stages/models
help developing operational interventions to attain the aforementioned impact on problem
solving and creativity.

Based on the literature, we propose the following definition of design thinking: Design
thinking is a way of working and thinking that goes beyond the pure design context, as it is
a way of solving ill-defined problems using methods and mindsets typically associated with
designers, but adapting them to different real contexts and applying a human-centered and
prototype-driven approach, which fosters creativity and promotes the value of teamwork.

In the following sections we analyze the learning theory that helps describing and
explaining the impact of design thinking, as well as how it is connected to the development
of problem solving and creativity skills.

Constructivism and its relation to design thinking
Design thinking challenges the teacher-centered approach. The latter is also known as

‘the sage on the stage’ teaching delivery method where a teacher transmit their knowl-
edge (by lecturing) to students who passively absorb the content (King, 1993). In contrast,
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design thinking is linked to constructivist learning theory (Noweski et al., 2012; Pande &
Bharathi, 2020; Scheer et al., 2012). Constructivism serves as an umbrella term to bring
together a diversity of views sharing two main ideas: (a) learning is not seen as transmis-
sion of knowledge but as an active process of constructing knowledge; and (b) instruc-
tion is a process of supporting the knowledge construction process (Duffy & Cunningham,
1996). Jonassen et al. (1995) argue that constructivism raises the assumption that knowl-
edge depends on how people create meaning from their experiences. In addition, the afore-
mentioned authors also emphasize the importance of the social context in the design think-
ing learning environment based on the socio-cultural constructivist approach of Vygotsky
(1978).

Constructivism beliefs about learning assert the need for embedding students in real-
world situations where they function as a part of a community that contributes to solv-
ing real-world problems (Lave & Wenger, 1991). Furthermore, constructivist environments
should engage students in their construction of knowledge through collaboration that insert
learning in a meaningful context and reflection on what has been learned (Jonassen et al.,
1995). Regarding to evaluation, constructivism focuses on the thinking process and the stu-
dents’ abilities to argue and support decisions that are related to the development of self-
reflection and metacognitive skills (Karagiorgi & Symeou, 2005).

Since the learner is at the center of the constructivist teaching—learning process, teach-
ers are seen as facilitators rather than instructors (Murphy, 1997; Noweski et al., 2012;
Pande & Bharathi, 2020). This role implies guiding and supporting students in their con-
struction of knowledge, providing instruction and feedback, monitoring progress and eval-
uating (Neo, 2003). Additionally, Duffy and Cunningham (1996) state that teachers should
play the role of coaches to guide learners and support them as scaffolds.

The link between design thinking and constructivist learning theory remains fuzzy.
Pande and Bharathi (2020) tried to map constructivist tenets to design thinking phases.
Design thinking main characteristics (human-centered approach, solution of ill-defined
problems, creativity, teamwork/collaboration, prototype-driven) can also be linked to con-
structivist tenets (Jonassen, 1994); we explain these connections as follows: Constructiv-
ist tenets provide multiple representations of reality, represent the natural complexity of
the real world, provide real-world, case-based learning environment, rather than pre-deter-
mined instructional sequences. In this regard, design thinking enables students to deal with
complex real-life problems (Scheer et al., 2012). Moreover, design thinking uses a human-
centered (also known as user-centered, user-driven, customer-oriented) approach, therefore
students are encouraged to develop more empathy towards different views and feelings
(d.school 2018), providing the means to bring out real users’ perspectives while analyz-
ing the problem and testing possible solutions. Other key characteristic of design thinking
found in most of the literature is the focus on prototyping; in this sense, prototyping devel-
ops the skills and competences of students by encouraging them to work on authentic real-
life problems (Jussila et al., 2020).

Another tenet of constructivism focuses on knowledge construction, not reproduction.
Jonassen (1997) argues that students facing ill-defined problems synthesize their own
understanding of the situation rather than find a straightforward solution for an already
defined problem. Since design thinking is characterized by working with ill-defined prob-
lems, this suggests a connection with this tenet. Besides, according to Scheer et al. (2012)
the design thinking process pushes the teacher to become a facilitator of a constructive
learning; i.e. designing the space to let students experiment different mental models and
methods, balancing instruction and construction, so pupils can convert abstract and general
principles into meaningful practice.
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Constructivism also builds on working on authentic and contextualized task. In this
sense, during a design thinking intervention, the facilitator introduces students with a con-
text that includes the real-life problem (Pande & Bharathi, 2020). Moreover, contextual-
izing may be also manifested through the focus on a human-centered approach within a
design thinking process, which helps identifying insights and delivering innovation that
reflects what users want (Brown, 2008).

Additionally, design thinking entails “for different situations apply different perspectives
and new perspectives generate new situations” (Scheer et al., 2012, p. 13) which reveals
another key tenet of constructivism: Enable context-and content dependent knowledge con-
struction. Moreover, prototyping (as a design thinking main characteristic) requires stu-
dents, users and others to experience and interact with prototypes for building successful
solutions (d.school 2018) which means the knowledge is constructed by students based not
only in the content (e.g. prototyping techniques) but also in the context through validation
of those prototypes.

Fostering reflective practice is a next constructivist tenet promoted by design thinking.
Design thinking promotes students to reflect on their problem solving approach (Scheer
et al., 2012). Besides, as part of the human-centered approach of design thinking, students
try developing empathy with the actors involved in the situation, empathy involves emotion
and logic, which stimulates insights, inspiration and intuition (Glen et al., 2015). Prototyp-
ing is another opportunity to foster reflection as students explore ways to turn prototype
failures into opportunities (d.school, n.d.).

Finally, the last constructivist tenet is about supporting collaborative construction of
knowledge through social negotiation. In this regard, most of the design thinking litera-
ture points at collaboration (or teamwork) as one of its main characteristics. For instance,
Brown (2008) suggests a design thinker needs to be an enthusiastic interdisciplinary col-
laborator. Both the collaboration and human-centered approach of design thinking supports
the Kanselaar’s (2002) idea of learning as the negotiation of meaning since shared ideas
among users and/or other stakeholders, as well as teammates (knowledge-building com-
munity), should be accepted and agreed upon. For instance, prototyping helps to overcome
the boundaries between different stakeholders, reducing miscommunication, as well as the
amount of effort required to discuss and share ideas (Bjorklund et al., 2017). Furthermore,
in design thinking, team competences are promoted to express opinions and share knowl-
edge; also, students and teachers build trust (Scheer et al., 2012).

Problem solving

In the education context, problem solving promotes higher-order skills and it is positioned
as one of the key skills learners have to develop (Jonassen, 1997). Hesse et al. (2015) pro-
vide the following definition for problem solving: “an activity in which a learner perceives
a discrepancy between a current state and a desired goal state, recognizes that this discrep-
ancy does not have an obvious or routine solution, and subsequently tries to act upon the
given situation in order to achieve that goal state. It is accompanied by a number of mental
and behavioral processes that might not necessarily take place in sequential order but can
run in parallel” (p. 38). The authors emphasize the collaborative nature of problem solving
by working on intertwined activities and building on each other’s contributions. Building
on the scope and nature of the present study, we especially build on the rephrasing of the
above definition by Rhodes (2010): “The process of designing, evaluating and implement-
ing a strategy to answer an open-ended question or achieve a desired goal.” (p. 41).
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Constructivism consistently emphasizes problem-solving as a key learning outcome
(Kanselaar, 2002; Murphy, 1997; Neo, 2003). Since design thinking is aligned with con-
structivism, problem-solving is clearly an associated skill (Alhamdani, 2016; Anand
et al., 2015; Bhatnagar & Badke-Schaub, 2017; Khalaf et al., 2012; Lugmayr et al., 2014;
Taajamaa et al., 2013). This connection can be explained as follows. One of the main char-
acteristics of design thinking is working with real and ill-defined problem. According to
Voss and Post (1988) working with these type of problems challenge students’ problem-
solving skills. This is confirmed by Jonassen (1997) who argues that when dealing with
ill-defined problems, students must (re)frame the design problem, recognize divergent
perspectives, and collect evidence to support or reject the alternative proposals. Moreo-
ver, in instructional approaches to implement constructivist learning principles, the focus
is mainly on developing the skills related to solving the problem in an authentic context
(Duffy & Cunningham, 1996), as also happens in design thinking. During the process for
solving problems, students establish a reflective practice with the situation. Reflection is
one of the tenets of Constructivism, and as explained in the previous section, design think-
ing also promotes reflection while dealing with ill-defined problems, developing empathy,
and testing prototypes. As mentioned earlier, other common aspect of constructivism and
design thinking is the emphasis on collaboration. In this regard, during a problem-solving
process the achievement of a group is considered to be more effective because it brings
together different abilities and skills, which might lead to better collective outcomes (Sie-
mon et al., 2019).

Creativity

As mentioned earlier, creativity is a dominant skill in the design thinking literature. How-
ever, the concept also introduces conceptual confusion (Egan et al., 2017; Hernandez-Tor-
rano & Ibrayeva, 2020). Psychology-driven definitions of creativity stress originality and
usefulness (Runco & Jaeger, 2012; Stein, 1953). However, Sawyer (2006) goes beyond this
approach by stating that creativity is “the emergence of something novel and appropriate,
from a person, a group, or a society” (p. 33). Sawyer adds that creativity consists of com-
bining divergent and convergent thinking and switching back and forth at different points in
the creation process. This is reiterated by Lindberg et al. (2011) who put forward a problem
space and solution space in design thinking. Both spaces include diverging and converging
activities. Based on the scope and nature of the present study, the creativity definition of
Rhodes (2010) defines our approach in the best way: “It is both the capacity to combine or
synthesize existing ideas, images, or expertise in original ways and the experience of think-
ing, reacting, and working in an imaginative way characterized by a high degree of innova-
tion, divergent thinking, and risk taking.” (p. 27).

The literature stresses the linkages between constructivism and creativity (Asmar &
Mady, 2013; Lim, 2014; Neo, 2003). Creativity is mentioned in the design thinking lit-
erature either as a characteristic of the process (e.g. Lewrick et al., 2020), or as one of the
skills being developed throughout the process (Alhamdani, 2016; Clemente et al., 2017;
West et al., 2012). The constructivist framework helps to understand the link between crea-
tivity and design thinking. For instance, divergent thinking —one well-studied aspect of
creativity (Caughron et al., 2011)—is fostered in design thinking since students need to
explore and be flexible for handling real-world information they often have to collect them-
selves. Another example stresses how during the ideation process students have to make
choices (IDEO n.d.). And during brainstorming, a technique commonly used in design
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thinking (Lewrick et al., 2020), students create and build on a pool of choices, and develop
argumentations in relation to a final choice (IDEO n.d.). Moreover, in design thinking
courses, facilitators help students to unleash their creative potential promoting a condu-
cive environment to develop reflection. This helps them to learn from things what did
(not) work (Kelley & Kelley, 2013). The link with creativity also pushes the instructional
design of related environments. According to Caughron et al. (2011) systematic reviews
of literature about creativity training stress the provision of challenging materials, real
world exercises, along with multiple opportunities for practice by trainees, among others.
These design guidelines reflect both constructivist and design thinking characteristics, as
explained in previous sections.

Additionally, some scholars have put forward the linkage between problem-solving and
creativity (Caughron et al., 2011; Martz et al., 2016; R. K. Sawyer, 2006). Sawyer (2006)
points out that creative processes involve problem solving and decision making; similarly,
decision making requires creative inspiration. Sawyer additionally stresses that creativity
involves both problem solving and problem finding. Martz et al. (2016) suggest an inter-
dependence between problem solving and creativity; and Star and Rittle-Johnson (2008)
found that problem solvers show flexibility -one of the creativity dimensions (Torrance,
1974)- when dealing with a challenging part of a problem.

Building on the available theoretical and empirical literature, the authors of this study
put forward the following two hypotheses:

Hypothesis 1 (H1) Students who participated in a design thinking course improve their
problem solving skills.

Hypothesis 2 (H2) Students who participated in a design thinking course improve their
creativity skills.

Method
Design

The present study was set up as a field experiment in which university first-year students,
regardless of their major, enrolled in the course ‘Analysis and Problem Solving’ (also
referred to as the design thinking course), in an Ecuadorian University. This compulsory
course seeks to develop in students their problem solving and creativity skills when devel-
oping solutions for real-life problems by applying design thinking. The study was set up
throughout a complete academic term (from May to August 2019) and included admin-
istration of a pretest (t0), a mid-semester test (t1) and a post test (t2). During 14 weeks of
classes students received a wide range of in-class training tasks and work in cooperative
teams (five to six students) to find a solution for a real problem presented by an Ecuadorian
organization (e.g. NGO, small business, etc.), called ‘sponsor’. At the end of the course,
teams were expected to present a prototype solution to tackle the problem. In this study,
students’ progress in terms of problem solving and creativity was investigated by analyz-
ing their answers when solving a case study (see Research instrument section). Students
tackled such case at the start (t0), in the middle (t1) and at end of the course (t2). On the
base of a rubric, students, the facilitator, and student peers rated the case solution. In other
words, the research data emerged from three different actors at three data points in time.
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About the course

The Analysis and Problem Solving course adopts a design thinking approach (Fig. 1) based
on the combination of both the model of the Hasso Plattner Institute of Design at Stanford
University (d.school) (2010) and the “Double Diamond” model (Design Council, 2007);
reported by Santos Ordéiiez, Gonzédlez Lema, Puga, Parraga Lema, & Vega, (2017). The
latter follows 6 stages.

The first diamond of the design thinking approach clusters three stages: Research,
Empathy and Define; while the second diamond consists of the other three stages: Ideate,
Prototype and Validation. Each diamond represents the divergent (left side) and conver-
gent (right side) thinking the students are expected to adopt. Moreover, the students were
informed of the possibility of iterating through all design thinking stages; for example, stu-
dents could do additional exploratory research at any stage, or re-define the problem after
discovering a new insight while testing an early prototype.

Meeting one of the tenets of constructivism, and at the same time one main character-
istic of design thinking, each facilitator searched for real problems (5 or 6) before starting
the semester. Those problems were proposed mainly by NGOs or small businesses (called
‘sponsors’). During the first week of classes, facilitators presented the problems to their
students and students indicated their interest about each problem by ranking them. Next,
facilitators set up multi-disciplinary teams and assigned teams one of the problems to work
upon during the semester, i.e. each team worked on a different problem. Students worked
collaboratively in the same team during the whole semester analyzing the problem and pro-
posing a solution (called course project) following the design thinking approach presented
in Fig. 1. Collaboration is also one of the tenets of constructivism and a characteristic of
design thinking.

During the course, students applied specific techniques and tools in each design
thinking stage, guided by the facilitator. They immediately applied those techniques
and tools to tackle their projects during the class and when doing related homework.
The course outline that includes the description of each design thinking stage as well
as the techniques and tools learned in each stage is presented in Online Resource 1.
Class sessions were very active and alive with plenty of time for students to apply and
discuss the techniques and tools learned. Classrooms were equipped with a projector,
rounded tables (one table per team), whiteboards, markers, post-its and other provi-
sions to boost group communication. The course was divided into two large subparts,
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in the first part students worked along the three stages of the first diamond (Fig. 1).
By the end of the third stage, the teams presented the progress on their course projects
applying explicitly the three design thinking stages: they presented what (and how) they
learned about the context of the problem and the stakeholders involved, insights dis-
covered and how they (re)frame the problem. In the second part of the course, students
adopted the three stages of the second diamond. They subsequently used their creativity
to ideate as many solutions as possible to the defined problem. Next, they evaluated and
filtered those ideas. In a next step they built prototypes to materialize the best ideas,
testing them with real potential users. By the end of the course, the teams presented
their projects, explaining their solution process and presenting an argumentation as to
the adequacy of their problem solution. All the sponsors were invited to attend these
presentations. Online Resource 2 depicts an example of the development of a prototype
solution proposed by one team, during the course. Their sponsor was Asperger Foun-
dation — Ecuador who supports parents of children with Asperger’s syndrome. In this
case, they focused on “clients” who had limited access to the services provided by the
foundation. From the many ideas being generated in the Ideate stage, the best idea was
selected to develop an app for parents of children with Asperger’s syndrome. Next, they
built a low-fidelity prototype using basic materials to outline the data flow and to check
the usefulness and usability of their proposed functionality. This helped validating their
prototype with the sponsor and potential users. This stage helped getting feedback in
view of making adjustments. By the end of the course, the team built a high-fidelity
prototype using an online tool that aimed at delivering a close instantiation of the final
product. This was presented during the final exam in the presence of the sponsor, facili-
tator and classmates. The sponsor — in the case of the Asperger foundation — was very
satisfied with the results.

The students attended 28 sessions of 90 min (3 h per week). The course structure,
contents, activities and materials were the same for all sections and facilitators followed
the same guidelines. Finally, it should be noted that the other courses taken by students
in their first semester are mainly focused on the development of hard skills instead of
skills such as problem solving and creativity.

Participants

In this study N=910 freshmen students participated who were enrolled in the Analysis
and Problem Solving course. The average age was 19 years (SD=2.17). The students’
background information is presented in Table 1. The majority of the students were men,
coming from urban areas. As expected, since this course is offered to first-year studens,
most of them did not have working experience. Most of the participants were enrolled in
a Science and Engineering program.

Given the large number of students, the course was taught to subgroups of students
(sections). Each section comprised 35 students -on average- from different disciplines.
In total, 27 sections of the course guided by 26 facilitators were included in this study.
The facilitators were informed about the research study beforehand to minimize risk of
bias. Informed consent was signed by all students after ethical clearance from university
authorities.
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Table 1 Students’ background

characteristics Background information n %
Sex
Male 571 62.75
Female 320 35.16
No answer 19 2.09
Origin Area
Rural 93 10.22
Urban 781 85.82
No answer 36 3.96
Working experience
Yes 234 25.71
No 656 72.09
No answer 20 2.20
Type of Academic Program
Science and Engineering 605 66.48
Business Administration and Economics 204 22.42
Art & Design 69 7.58
Humanities 14 1.54
No answer 18 1.98

Research instruments

In this study the research instruments used were (a) a case study developed by the authors'
that was followed by a series of tasks/questions to be answered by students individually;
(b) a rubric based on case specific criteria to map the quality of the problem solving and
creativity skills. The same case study was presented at t0, t1 and t2. This case was based on
a real-life problem related to user-experiences of a new service for riding bicycles at a uni-
versity campus. To observe the use of problem solving and creativity skills, students were
asked to complete four tasks related to the case study using a paper-based form.

Identify and properly define the main problem of the case.
Before proposing a solution to the problem you defined, what would be your strategies
or steps to follow?

e Propose and describe at least one innovative solution for the problem defined in ques-
tion 1.

e Reflect on the solution process(es) resulting from the former task.

The case study and the tasks were not used as scaffolds of the design thinking process,
they were never discussed during the classes and they did not have any influence in the
students’ course grades. Students did not have access to the case or tasks beforehand, and
they were not informed that the same case and tasks would be applied three times. The
students received 25-30 min to read the case study and solve the tasks/questions. Next, the
solutions to the case study proposed by each student for the 4 tasks/questions were rated

! The case study can be shared upon request to the authors.
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by peers, by themselves, and by their facilitator. The students identified themselves with a
code only; thus, rating by peers and by facilitators involves a blind process. The involve-
ment of the three raters is critical to respect the underlying constructivist assumptions
related to design thinking; i.e. given the emphasis on students’ personal involvement and
engagement, the key role of collaboration with peers and the supportive role adopted by the
facilitators, all three should put forward their measurement of the impact on problem solv-
ing and creativity. In addition, the answers posed by the students for the 4 tasks/questions
were rated on the base of rubrics. The evaluation instrument used by the three referred
raters was based on an adapted version of the VALUE (Valid Assessment of Learning in
Undergraduate Education) rubrics? (Rhodes, 2010), and it focused on the identification
and analysis of indicators related to problem solving and creativity. Each rubric criterion
presents a description to be rated along five performance levels: A, B, C, D, E; where A
represents the highest score and E the lowest. Given the scope of the course, the problem
solving rubric used in the study focused on 4 out of the 6 original VALUE rubric criteria:
(1) Define problem, (2) Identify strategies, (3) Propose solutions, (4) Evaluate potential
solutions. The creativity rubric included 4 out of 6 of the original VALUE rubric items: (1)
Acquiring competencies, (2) Taking risks, (3) Innovative thinking, (4) Connecting, synthe-
sizing, transforming. Eight criteria were provided to develop a rubric to rate case solutions
from a problem solving and creativity angle. The rubric started with the following instruc-
tion: “In order to use the rubric efficiently, we suggest you the following criteria to be
applied to each of the answers about the case. Task 1 could be evaluated using the criterion
Define problem; Task 2 with Identify strategies; Task 3 with Propose solutions, Innovative
thinking, Taking risks; Task 4 with Evaluate Potential Solutions, Acquiring competencies,
and Connecting, synthesizing, transforming”. The former induced a systematic approach in
which raters first read the student input for each task and next applied the specific rubric
criterion. This resulted in defining an explicit performance level (A, B, C, D, E). Some
examples of the answers for question #3 (Propose and describe at least one innovative solu-
tion for the problem defined in question 1) were:

Example 1: “Students must take a cycling simulation test that recreates real-life
campus’ road conditions to verify that students know how to use the bicycle correctly
on different types of slopes. If a student passes the test, he will be allowed to use the
bicycles”

Example 2: “Visible and intuitive signs will be placed along the road of the bicycle
lane to let cyclists know the moment and the type of gear shift that should be applied
to the bicycle, depending on the peculiarity of each section of the road.”

Example 3: “An online training for students embedded in one of the university’s tech-
nology platforms about the correct use of bicycles on campus. At the end of the train-
ing, students must take a test, and those who pass the test will be registered on a
database of people allowed to borrow a bicycle on campus.”

Moreover, a pilot study collected feedback from course facilitators and undergraduate
students (not involved in the present study) regarding the research instruments. Thus, this
feedback allowed the authors to check the translation (from English to Spanish) and the
consistency in interpretations. Note that these VALUE rubrics were not shared as part of
the course; i.e. they were not part of the learning process.

2 The adapted version of the VALUE rubrics used in this study can be shared upon request to authors. The
original versions of the VALUE rubrics can be accessed at https://www.aacu.org/value-rubrics.
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Table 2 Cronbach Alpha’s results for each rubric items, per rater, at each time point

Items per rubric Actor t0 tl 2
a o o
Problem Solving items Student 56 .60 .65
(Define problem; Identify strategies; Propose solutions; Evaluate potential solu- pger 57 62 70
/i
tons) Facilitator 73 .72 .78
Creativity items: Student 72 .78 5
(Acquiring Competencies; Taking Risks; Innovative Thinking; Connecting, Peer 75 79 83

Synthesizing, Transforming) Facilitator 92 93 .93

Table 3 Results of exploratory factor analysis for Problem Solving and Creativity rubrics’ items

Factor Students’ self-assessment Peers’ assessment Facilitators’ assessment

t0 tl 2 t0 tl 2 t0 tl 2

Factor A Item 2C Item 1IC Item IC Item IC Item 1C Item IC Item 1C Item 1C Item IC
Item 3C Item2C Item2C Item2C Item2C Item2C Item2C Item 2C Item 2C

Item IP Item 3C Item 3C Item3C Item 3C Item3C Item3C Item3C Item 3C

Item 3P Item4C Item4C Item4C Item4C Item4C Item4C Item4C Item 4C

Ttem 4P Item 3P Item 3P Item4P Item3P Item 3P Item 3P

Item 4P  Item 4P Item 4P Item 4P Item 4P

Factor B Item 2P Item 1P Item IP Item 1P Item IP Item IP Item 1P Item IP Item 1P
Item4P Item2P Item2P Item2P Item?2P Item2P Item?2P Item2P Item 2P
Item IC TItem 3P Item 3P Item 3P
Item 4C Item 4P

Item 1P=Define problem; Item 2P=Identify strategies; Item 3P=Propose solutions; Item 4P=Evalu-
ate potential solutions. Item 1C=Acquiring Competencies; Item 2C=Taking Risks; Item 3C=Innovative
Thinking; Item 4C = Connecting, Synthesizing, Transforming

Prior research has reported acceptable validity and reliability of VALUE rubrics (Fin-
ley, 2012; Mcconnell & Rhodes, 2017; Rhodes & Finley, 2013; Simper, 2018). Neverthe-
less, the translated and adapted versions of the instruments were reassessed in the context
of the present study using univariate and multivariate techniques. Table 2 summarizes reli-
ability analysis of the instruments at t0, t1 and t2 obtaining Cronbach’s alpha; i.e., how
closely related rubric items are as a group. Given the use by three different raters, the coef-
ficients suggest that the items for each skill (problem solving and creativity) have relatively
acceptable internal consistency.

To check construct validity, the problem solving and creativity items were considered in an
exploratory factor analysis (principal component analysis with Varimax rotation) by imposing
a two-factor solution (see Table 3). The analysis was repeated on the base of data from stu-
dents, peers, and the facilitators at t0, t1 and t2. The analysis results show how all four creativ-
ity items load on the same factor (Factor A) at t0, t1 and t2 based on data from the three actors,
except when processing t0 student self-evaluation. The problem solving items loaded on the
second factor (Factor B). However, two items often loaded on the creativity factor (“Propose
Solutions” and “Evaluate Potential Solutions™). At t2, most of the items fitted the specific fac-
tor as expected. Thus, the results reiterate the conceptual overlap between problem solving and
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creativity as stated earlier (Sawyer, 2006). In sum, this factor analysis allow us to conclude
that the instruments were valid in the present context.

Research procedures

Building on the course structure, data were collected three times (t0, t1, t2) during actual class
time and using paper-based forms. During the first week the first data collection was carried
out (t0), then 8 weeks later (week 9) for a second time (t1) and 6 weeks later (week 15) for the
last time. Given the natural (or authentic) setting of this study, the number of students partici-
pating in each data collection point differed. Details about the number of participants and pro-
cedure of the data collection in each time point and per rater are presented in a chart that can
be found at the Online Resource 3. Each data collection session lasted about 6075 min. The
data collected during this research did not affect students’course grades. Results of this study
are not reported at the level of course’s sections.

Before the intervention, the 26 facilitators agreed to participate in this study. Prior to the
study, they received a training session, which focused on data collection and the application of
rubrics to evaluate students’ performance in terms of problem solving and creativity. Hence,
a standardized procedure was followed by all facilitators as they received instructions and a
“kit” with the forms for the collection sessions.

At t0, in each course section, the students signed an informed consent, filled out a back-
ground questionnaire, and received the case study next to a sheet with the tasks/questions to
be answered. Once the time for reading the case and answering the tasks was up, the facilita-
tor collected all the answers’ sheets. Immediately after this part of the session, the facilita-
tor assigned randomly to each student one answer sheet from one of the classmates (blinded
version) and a rubric (see Research Instrument section) to rate the answers. At that stage, the
facilitator explained how to use the rubric. Once completed, the facilitator collected the origi-
nal answer sheets and filled out rubrics. Next, students were given their own answer sheets
(identified by a personal code) as well as the same rubric to rate their personal answers. At the
end of the session, the facilitators collected all sheets. Afterwards, the facilitators applied the
rubric themselves to evaluate the work of each student. To facilitate this part of the process,
SurveyMonkey software was used. The same procedure was applied at t1 and t2. As stated
earlier, students were not aware of when and how they would be evaluated.

Analysis approach

To test the two hypotheses on whether students would show a higher performance in their
problem solving (H1) and creativity (H2) skills as a result of a design thinking course, the
researchers adopted repeated measures ANOVA. In addition, the perspectives of the students,
their peers, and the facilitator were considered. The analyses were carried out with SPSS ver-
sion 25. A significance level of p<0.05 was put forward. Effect sizes (Cohen’s d) were addi-
tionally calculated in view of interpreting the importance of the analysis results.
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Table 4 Descriptive results of the dependent variables

Skill Actor t0 tl ©2
Mean SD N Mean SD N Mean SD n
Problem Solving  Student 2.83 0.61 887 3.12 053 816 3.30 0.50 765
Peer 2.57 0.66 875 2.80 0.64 809 297 0.65 769
Facilitator ~ 1.61 0.73 811 2.25 0.73 774 2.50 0.80 725
Creativity Student 242 0.74 883 2.83 0.68 816 3.05 0.60 765
Peer 2.10 0.79 875 244 0.77 809 272 0.78 769
Facilitator ~ 1.19 0.80 811 1.86 0.89 774 2.08 098 725
Minimum score =0, maximum score =4
3.12/3'30
2383 2.80/2'97
2.57 2.50
2_25/
» /
t0 t1 t2
= =Student = =Peer = =Facilitator

Fig.2 Mean in “Problem solving” scores (N students =693; N peers =682; N facilitators =607)

3.05
2.83 ——
2.72
242 2_44/
2.10
1,86 e 2.08
1.19
t0 t1 2
= ==Student — —Peer = =Facilitator

Fig.3 Mean of “Creativity” scores (N students=691; N peers =682; N facilitators =607)
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Table 5 Correlations of evaluators’ ratings

t0 tl @2
Students Peers Students Peers Students Peers
Problem Solving Peers 26" 1 16" 1 20 1
Facilitators 15" A7 217 32" 18" 23"
Creativity Peers 21" 1 .10 1 21" 1
Facilitators 127 23" 20" 30" A1° 18"

*p<.05 level (2-tailed)

Table 6 Within-Subjects ANOVA and Cohen’s d test results for Hypothesis 1 (problem solving)

Rater Omnibus?® N Contrasts
(10, t1, t2) t0 vs t2 t0 vs t1 tl vs t2 Df
F df F Cohen’sd F Cohen’sd F Cohen’s d
Students 218.99" 1.88 693 380.42° 0.85 146.77°  0.51 83.20° 0.36 1
Peers 72.50° 1.98 682 129.69" 0.60 52.00° 0.35 24.90" 0.26 1
Facilitators 371.10° 1.81 607 550.51" 1.17 337.91" 0.88 98.02" 0.32 1

*All F values are significant at p <.05
*Test of within-subjects effects: Hyunh-Feldt

Results
Descriptive data analysis

Table 4 summarizes descriptive data of the dependent variables at t0, t1, t2. The results of
the attained average scores reflected an apparent improvement over the time in all cases.

Figure 2 illustrates a consistent increase in problem solving scores according to the
raters (students’ self-evaluation, peers, facilitators). Figure 3 shows the students’ perfor-
mance in creativity based on the three raters. Hence, there it is evident an overall improve-
ment from t0 to t2.

The results of a correlation analysis of the scores are presented in Table 5. The correla-
tion measures describe positive and significant correlations.

Hypothesis 1 (H1): students who participated in a design thinking course improve
their problem solving skills.

Self-evaluation results: the repeated measures within-subjects ANOVA show a statistically
significant effect on problem solving performance over the time, according to the students’
evaluation, as presented in Table 6. When looking at the analysis of contrasts results, we
find a significant change from t0 to t2, as well as from t0 to t1, and from tl to t2. We
observe an effect size of d=0.85 in the change from t0 to t2. The effect size between t0 and
tl is larger than between t1 and t2.
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Table 7 Within-Subjects ANOVA and Cohen’s d Test results for Hypothesis 2 (creativity)

Rater Omnibus® N Contrasts
(10, t1, t2) t0 vs t2 t0 vs tl tl vs £2 Df
F df F Cohen’sd F Cohen’sd F Cohen’s d
Students 248.19" 190 691 436.53" 0.94 168.83" 0.57 89.92" 0.36 1
Peers 119.517 2 682 233.80° 0.79 74.42° 043 46.36" 0.37 1
Facilitators  281.81° 1.81 607 406.80° 1.28 282.89 0.79 6225° 0.24 1

*All F values are significant at p <.05

“Test of within-subjects effects: Hyunh-Feldt, except for Peers where assumption of sphericity was not vio-
lated

Peers evaluation results: problem solving performance seems significantly affected over
the time (see Table 6). Contrasts results reveal a statistically significant increase from t0
to t2, as well as from tO to t1, and also from t1 to t2. In contrast to self-evaluation’s effect
sizes, a smaller effect (d=0.60) is observed when comparing tO and t2. The effect size
from t0 to t1 is larger compared to t1 to t2.

Facilitators evaluation results: repeated measures ANOVA reflect that problem solv-
ing performance shows a statistically significant improvement over the time (see Table 6).
When zooming in the contrasts results, we observe significant changes from t0 to t2, as
well as from t0 to t1, and also from tl to t2. The ratings provided by facilitators show the
largest effect size from t0 to t2 (d=1.17), compared to the other two raters. The effect size
between t0 and t1 is much larger than the change from t1 to t2.

Therefore, we can reject the null hypothesis and accept Hi: Students who participated
in a design thinking course improve their problem solving skills.

Hypothesis 2 (H2): students who participated in a design thinking course improve
their creativity skills

Self-evaluation results: the repeated measures within-subjects ANOVA results reveal a sta-
tistically significant increase in creativity performance over the time (see Table 7). When
looking at the contrasts results, we observe statistically significant changes from t0 to t2,
as well as from tO to t1, and also from t1 to t2. We observe an effect size of d=0.94 when
comparing t0 to t2. The effect size of changes between t0 to tl is larger than the changes
observed from tl to 2.

Peers evaluation results: following the above statistical analysis approach, Table 7 shows
that creativity performance has a significant increase over the time. Moreover, contrasts
results indicate statistically significant improvements from tO to t2, as well as from t0 to t1,
and also from t1 to t2. There is a slight smaller effect size related to changes from t0 to t2
(d=0.79), compared to the one observed in students’ self-evaluation. The effect size from
t0 to t1 is larger compared to t1 to t2.

Facilitators evaluation results: creativity performance shows a statistically significant
improvement over the time, as shown in Table 7. When looking at contrasts results, we
also found significant changes from tO to t2, as well as from t0 to t1, and also from tl to
t2. Similar to what happened in Problem Solving results when analyzing facilitators’ rat-
ings, this type of rater reflects the largest effect size from t0 to t2, (d=1.28), compared to
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students’ self-assessment and peers. The effect size of changes from t0 to t1 is considerably
larger than the effect size related to changes from t1 to t2.

Therefore, we reject the null hypothesis and accept H2: Students who participated in a
design thinking course improve their creativity skills.

Discussion

The present study explored the effects of design thinking on problem solving and creativ-
ity skills in first-year university students at three points in time (t0, t1, t2). A key aspect
of the present study is the multi-actor perspective since the data were collected from dif-
ferent sources: self-reports, from peers and from facilitators. In addition, a strength of the
present study is the robust design based on an operational definition of design thinking and
the adoption of reliable and valid measures to study the impact on problem solving and
creativity.

According to the data collected from the raters, the design thinking intervention had
a positive significant impact on students’ problem solving (H1) and creativity (H2) skills
when comparing tO vs t2, as well as the other time slots tO vs t1, and t1 vs t2 (see Table 6
and Table 7). A relevant observation is that from t0 to t1 the effect size of related changes
seems to be larger than from tl to t2. Nevertheless, all the time slots show a positive and
statistically significant improvement.

Note that by tl, students had experienced the three design thinking stages: Research,
Empathy and Define. Thus, in general terms, students were expected to adopt a human-
centered approach, develop insights into their project-related problems and (re)defined
their specific problem focus. At t2, the students had finished the other three design thinking
stages: Ideate, Prototype, Validation; i.e., in the second part of the course students were
encouraged to generate as many solution ideas as possible and tested the best ones with
real users until proposing one that better fits to the problem previously defined. The scope
of this study does as such not allow to determine at what specific stage the strongest devel-
opment in problem solving or creativity skills did occur. Nevertheless, based on the tech-
niques and tools students adopted at each stage, we might conclude that the first diamond
of design thinking (research, empathy, defined) could contribute to a larger extent to the
development of problem solving skills; while the second diamond (ideate, prototype vali-
dation) might have contributed more to boost students’ creativity skills.

Regarding Hypothesis 1, the results can be linked to the main features of the design
thinking design and characteristics that were inspired by constructivist learning theory
(Pande & Bharathi, 2020). The systematic mapping of problem solving phases onto the
design thinking phases might have offered students sufficient structure and support to deal
successfully with the complex problem solving projects; or as Lindberg et al. (2011) pose:
Design thinking promotes a problem exploration space where instead of creating general
hypotheses or theories about the problem, people get an intuitive (not completely verbal-
ized) understanding through observing exemplary use cases or scenarios; and synthesizes
this information to point of views. Our findings about the positive impact on problem-solv-
ing skills after a design thinking intervention confirm earlier research (Alhamdani, 2016;
Bhatnagar & Badke-Schaub, 2017; Khalaf et al., 2012; Lee & Benza, 2015; Linton & Klin-
ton, 2019; Lugmayr et al., 2014; Matsushita et al., 2015; Taajamaa et al., 2013). In addi-
tion, the emphasis on structured collaboration, explicit reflection on experiences, plans and
products and the explicit availability of feedback by the facilitators and ‘sponsors’ might
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have boosted the design thinking potential. The importance of structure in the adoption
of constructivism is a constant in the literature (Alesandrini & Larson, 2002). However,
the lack of structure is often used to explain failure in the adoption of constructivist learn-
ing theories (see Kirschner et al., 2006). Therefore, current constructivist approaches often
explicitly stress and embrace a ‘guided discovery’ principle (Mayer, 2004).

Furthermore, hypothesis 2 was also accepted. Creativity is often looked at through a
constructivist theoretical lens (Edwards-Schachter et al., 2015) and it is one of the main
skills associated with the outcomes of design thinking (Tsai, 2021). Prior research reported
a positive effect of design thinking on the development of creativity skills (Balakrishnan,
2021; Benson & Dresdow, 2015; Clemente et al., 2017; Lee & Benza, 2015; Saggar et al.,
2017; West et al., 2012). To explain our positive results, we can refer to specific design
thinking design guidelines that pushed students’ divergent thinking in a pre-structured way.
As Lindberg et al. (2011) point out there is a ‘solution space’ in design thinking where
people are asked for a vast number of ideas in parallel and to make these explicit through
sketching and prototyping techniques. In this way, ideas are expected to be converted into
cognitive representations. Both spaces, problem space and solution space, in design think-
ing generate “a system of checks and balances to ensure that the conclusive solution will
be both innovative and suitable for the social system that the design problem addresses”
(Lindberg et al., 2011, p. 6). Since the design guidelines offer structure, Sawyer (2011)
stresses the need to balance this structure with more open instructional approaches when
pursuing an impact on creativity. For example, one study based on self-perception ques-
tionaries (Ohly et al., 2016) found no design thinking-impact on creative self-efficacy after
an intervention (n=69). According to the authors of that study, the group format used in
that course as well as a weak focus on creativity (shorter than a third of the course) may
be the cause. The latter reinforces the importance of a proper structure, planning and guid-
ance by the facilitator during a design thinking course which is fundamental, especially for
promoting creativity.

Our findings for both hypotheses show a decrease in effect size (Cohen’s d) in the
facilitator scores when comparing t0 to t1 versus tl to t2 (Table 6 and Table 7). Thus, the
facilitator expectations might have introduced bias in students’ evaluation (Jussim, 1989).
In fact, some facilitators reported that their expectations on students’ performance were
higher at the end of the course than at the mid-term. Nevertheless, it is interesting that for
both skills, changes in facilitators’ scores reflect the largest effect sizes from t0 to t2, com-
pared to students’ self-evaluation and peers’ scores in the same time slot. The above sug-
gests the largest effect sizes in both skills’ improvement is related to the level of experience
of raters. In the context of this study, facilitators could be considered the best trained raters,
not only because their knowledge and experience in design thinking; but also because of
their experience as teachers in the Analysis and Problem Solving course and other courses.

A key limitation of the present study is the lack of a control group. This is difficult
to achieve since all first-year students in this university must enroll in the Analysis and
Problem Solving course. Hence, future research could compare first-year scores from stu-
dents enrolled in a different university in comparable programs. A further limitation to be
addressed in future research is the background variables of students (professional experi-
ences, gender) and the potential impact of mediating variables, such as motivation and/or
self-efficacy. Moreover, the multi-actor focus of the present study could also be enriched
by adding data resulting from qualitative research. As exemplified above, perceptions of
the facilitators might be biased due to their expectations of progress related to time. It
would be also interesting to complement the results obtained with the projects developed
by students’ teams as part of the course. However, since the projects represent a significant
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percentage of the course grade, we prefer not to include them as measurement instruments
since this would violate the informed consent agreement and could have introduced bias.
As mentioned earlier, there is research pointing at the validity and reliability of specific
VALUE rubrics; nevertheless, in our current context an inter-rater reliability study could
result in more convincing arguments to adopt the instruments used. Finally, some read-
ers may have a concern about a potential Hawthorne effect; however we rule out that risk
since (a) students were informed that their participation in this course would not affect
their grades; (b) students did not know exactly when and how they would be evaluated; (c)
students’ names and personal information remained anonymous during the entire process;
(d) students did not have access to consult their case’s answers at any point of the study;
and the instruments as well as the results related to the study were not discussed during the
semester.

Conclusions

The current study was an attempt to address critical features of current and past empirical
research to study the impact of design thinking on creativity and problem solving skills of
students in higher education. Therefore, we aimed at answering the call of Razzouk and
Shute (2012) to set up a new wave of design thinking research that builds on valid perfor-
mance-based assessments to examine the effects of the design thinking process on various
students’ skills. Building on data from a large sample size and an intervention that opera-
tionalized design thinking design principles in a replicable way, we added a multi-actor
focus to the impact study by looking at the performance ratings from students, peers and
facilitators. In addition, the researchers are open to exchange their approach, materials, pro-
cedures and research instruments to facilitate a wider adoption of design thinking in higher
education and achieve the key aim of developing the skills demanded by labor markets.
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