
Thinking Skills and Creativity 56 (2025) 101759

Available online 14 January 2025
1871-1871/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

How to set up a formal Design Thinking course that works? A
practical guide for higher education settings

Sharon Guaman-Quintanilla a,c,*, Isabel Alcivar b, Guido Caicedo a,
Patricia Everaert c, Katherine Chiluiza d

a Escuela Superior Politecnica del Litoral, ESPOL, i3lab Entrepreneurship and Innovation Center, Guayaquil, Ecuador
b Escuela Superior Politecnica del Litoral, ESPOL, Faculty of Mechanical and Production Sciences Engineering, Guayaquil, Ecuador
c Ghent University, Department of Accounting, Corporate Finance and Taxation, Ghent, Belgium
d Escuela Superior Politecnica del Litoral, ESPOL, Center of Information Technologies, Guayaquil, Ecuador

A R T I C L E I N F O

Keywords:
Design thinking
Facilitation
Higher education
Instructional design
Twenty-first century skills

A B S T R A C T

Design Thinking has been gaining ground in different disciplines at higher education institutions
worldwide as it is seen as a way to develop 21st century student skills; especially creativity,
problem solving and teamwork. It provides a student-centred approach linked to constructivist
learning theory. However, the available literature fails to shed light on how to successfully
facilitate Design Thinking for non-designers, not only to learn the methodology but also to
improve such 21st century skills. This paper shares a thorough guide to assist any educator or
educational manager interested in implementing an evidence-based intervention that has proven
to teach Design Thinking while also improving key skills such as problem solving, creativity and
teamwork. We provide full disclosure of a semester-wide intervention of a university level course
for first-year undergraduate students enrolled in different programs. We present results about the
course effectiveness from the point of view of students, facilitators and sponsors. Key features of
this course design include: a stepwise approach to learn the Design Thinking methodology, class
sessions that follow a hands-on approach with space for instant feedback, exposition to real-life
problems and teamwork, and a classroom environment pertinent for teaching Design Thinking.
This work not only provides theoretical and practical implications but also serves as a guiding
framework for effective design facilitation, from non-designer facilitators to non-designer stu-
dents, with potential to be applied, adjusted, or even rebuilt for diverse subject disciplines and
specific contexts.

1. Introduction

Design Thinking (DT) is a way of working and thinking beyond the design context (Johansson-Sköldberg et al., 2013). It is used for
solving real, ill-defined problems takingmethods andmindsets commonly used by designers (Brown, 2008), applying a human-centred
and prototype-driven approach (Benson & Dresdow, 2015; Camacho, 2018; Carlgren et al., 2016). Moreover, DT emphasises the
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cultivation of a problem-oriented mindset to effectively mitigate the solution-fixation tendencies that persist in many disciplinary
practices. During DT applications the instinct to resolve is initially set aside to thoroughly analyse and redefine challenges for the
benefit of the end user (Leifer Larryand Meinel, 2019).

DT has been gaining ground in different disciplines at higher education institutions (HEIs) worldwide (Beligatamulla et al., 2019;
Matthews & Wrigley, 2017; McLaughlin et al., 2022; Wang, 2024), as it is seen as a way to develop 21st century students skills (Koh
et al., 2015; Noweski et al., 2012; Seevaratnam et al., 2023; Yu et al., 2024). Viewed as meta-disciplinary, DT facilitates effective
interactions within interdisciplinary teams (Leem & Lee, 2024) and it provides a structured method for developing teaching practices
and student-centred course designs, extending beyond discipline-specific expertise (Torrisi-Steele, 2020). In a study that explored
faculty and student experiences with DT in four universities in the United States, researchers found common DT teaching practices and
outcomes across disciplines, reinforcing the value of DT as an interdisciplinary process (McLaughlin et al., 2022). On one hand, this
expansion has generated a vast amount of literature reporting the benefits of using DT—sometimes used in combination with other
approaches, in terms of enhancing students’ motivation (Kuo et al., 2022; McLaughlin et al., 2022), fostering 21st century skills such as
problem solving, creativity and teamwork, among others (Balakrishnan, 2021; Charosky et al., 2022; Tsai, 2021; Yu et al., 2024), and
increasing quality of solutions developed as a result of the application of DT (Lake et al., 2021; McLaughlin et al., 2022). According to a
recent literature review about the application of DT in higher education settings, it was found that the most common positive outcomes
developed by students after a DT intervention are creativity, teamwork and problem solving (Guaman-Quintanilla et al., 2022). On the
other hand, the expansion of DT has also generated confusion since there is no clear common framework or set of practices that can be
followed (Baker&Moukhliss, 2020). Specifically, there is insufficient literature regarding to how to teach DT to people who are not in
the professional design field, also known as ‘non-designers’ (Henriksen et al., 2020; Mosely et al., 2018; Starostka et al., 2021).

Mosely et al. (2018) identified three challenges the DT facilitators deal with when they deliver DT workshops for non-design
students: (i) communicating with students using a common language, (ii) designing a workshop that fits the knowledge level of the
participants and stimulates their curiosity in an enjoyable environment, and (iii) helping students to shift from a traditional thinking
approach to a DT approach. Moreover, Henriksen et al. (2020) point out other challenges (referred to as ‘tensions’) DT facilitators face.
For instance, guiding students to generate solutions to a given problem, yet simultaneously preventing them to jump too soon to
solutions before (re) defining the problem correctly first. Other tension has to do with balancing time-constraint activities while
promoting to expand, elaborate and be as generative as possible. The latter also impacts on guiding participants in “finding-things-out
and finishing-things-up during design activities” (p. 11).

Next to the fact that the literature on DT facilitation is scarce, the few available studies addressing this topic does not provide a
detailed guide on how to facilitate DT for non-designer students during a formal (one semester) course. There is literature reporting on
the frustration and confusion felt by DT facilitators because they do not know how to structure their courses given the time constraints,
and how to evaluate the students’ work. Facilitators also show concern about how students would evaluate them at the end of semester
(Lake et al., 2021).

The above reveals three relevant gaps to address as DT becomes more and more popular among HEIs in interdisciplinary fields: (i)
insufficient research on DT facilitation at university level; (ii) lack of studies addressing DT facilitation from non-designers (facili-
tators) to non-designers (students); (iii) meagerness of full detail on DT facilitation (step-by-step). Therefore, this paper contributes to
inspire and support facilitators without a background in design in setting up a DT course by providing full disclosure of a semester-wide
DT intervention.

The content of this paper is the continuation of several studies and more than six years of DT facilitation practice offering a
university-wide DT course. It is worth pointing out that applying DT—following the instructional design that will be presented here,
improves three key skills: problem solving and creativity (Guaman-Quintanilla et al., 2023); and teamwork (Guaman-Quintanilla et al.,
2022). The first study had 910 first-year university students from different programmes working in multi-disciplinary teams while
taking the DT course. Data was gathered three times over the semester: at the start (t0), halfway (t1), and at the end (t2), after filling
out a brief case study. Three actors—students (self-evaluation), peers, and facilitators—rated each student’s problem-solving and
creativity skills. According to three raters, students’ problem-solving and creativity skills improved significantly. The second cited
study examined the effects of the same semester-long DT course on 640 first-year students’ teamwork skills from a multi-actor
perspective. This quasi-experimental study collected data twice, during the middle and end of the course. Each time, students were
rated by their teammates, themselves, and the course facilitator, using a rubric to assess teamwork skills. The results show a significant
improvement in teamwork skills, as consistently observed from all three perspectives.

This manuscript is not intended to present an experimental design, as it primarily serves as an instructional paper. However, it
includes quantitative data obtained from student and sponsor surveys, along with portfolio results derived from assessments of student
outcomes.

The ultimate goal when the DT course was implemented was to better prepare students for the challenges of a rapidly changing
labour market by supporting instructional methodologies in which students are active participants in their learning process (i.e., a
student-centred approach). This practical guide is intended to promote and provide support for (re) designing student courses and
lessons applying DT, and training of DT facilitators. Although this paper is based on the experience and research of one university, it
can be transferrable to other university context, or even other educational context. This paper can be useful to university teachers,
researchers interested in educational active learning environments, academic coordinators (i.e., managerial positions at HEIs), and
anybody interested or involved in education. Unlike other DT resources available in the literature, the instructional design described in
this guide adapts the DT model to educational purposes at university level considering a semester-long period.
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2. Theoretical background

Different theoretical backgrounds can shed light on design thinking (DT), some explaining its practices and others considering it
from an educational perspective. In this section, we will present them in that order. However, given the nature of this paper, we will
delve deeper into the educational perspective.

DT is grounded in theoretical understandings that inform present-day practices. One of them is the “creative engineering” work of
John E. Arnold (see von Thienen Julia P. A. et al. (2018)). John Arnold’s work describes two major pillars of his creative thinking
framework. One is a comprehensive collection of methods that can be beneficial throughout the creative process. The second comprises
a collection of theories regarding creative thinking. He considered that a solution is creative when it is not only novel but also useful.
He also always stressed the relevance of tangible results (physical design). Another relevant underpinning work is the need-based
design theory propounded by Robert H. McKim (see von Thienen Julia P. A. et al., 2019). McKim advocated a design theory cen-
tred on human needs and further developed Arnold’s ideas. His work helped move design theory to design doing. McKim promoted the
culture of designers as "makers," emphasising experience and prototyping, which has characterised DT since.

From a learning theory perspective, researchers have linked DT with constructivism (Brandão et al., 2024; Pande& Bharathi, 2020;
Scheer et al., 2012). Constructivism-based learning theories have significantly influenced modern educational practices, emphasising
the notion that learning is an active process of constructing knowledge and recognising instruction as a scaffold for the knowledge
construction process (Duffy & Cunningham, 1996). Jonassen (1994) outlines principles for applying constructivism to instructional
design, emphasising the facilitation of knowledge construction. These include using multiple and realistic representations of reality,
focusing on authentic, contextualized tasks, and fostering reflective practice. He advocates for case-based, real-world learning envi-
ronments, context-dependent knowledge, and collaborative knowledge-building through social interaction. This paradigm shifts the
focus from passive knowledge transmission to a student-centred approach. As a result, constructivist tenets have inspired a range of
educational approaches, such as problem-based and project-based learning and, more recently, DT. DT is seen as a useful approach and
paradigm for fostering student-centred methods in higher education (Torrisi-Steele, 2020).

While project-based learning emphasises doing projects, incorporates hands-on activities, develops interdisciplinary themes, and
culminates in the creation of a useful artifact or system, problem-based learning primarily focuses on creating theoretical knowledge as
students learn about a subject through the experience of solving an open-ended problem from the literature (Barak, 2020). DT, the
central focus of this paper, shares similarities with these approaches, as it follows iterative steps such as understanding, defining,
planning, prototyping, implementing, and evaluating. However, DT distinguishes itself by placing empathy at its core, prioritising a
deep understanding of the user’s perspective rather than merely gathering requirements (Torrisi-Steele, 2020), thus fostering inno-
vation grounded in human-centred solutions. Furthermore, there are interventions that have integrated project-based learning with DT
yielding positive results (Cummings & Yur-Austin, 2022; Honglin & Yifan, 2022; Jiang & Pang, 2023; Queiroz-Neto et al., 2021).

Pande and Bharathi (2020) illustrate the alignment between constructivist tenets and the stages of the DT process, highlighting
specific areas of overlap. For example, the empathy stage is aligned with social interaction and pluralism, optimise known knowledge,
big picture, authentic tasks, foster learners’ thinking and experiential learning. From another perspective, virtually every DT stage

Fig. 1. The Design Thinking model used in the course under study.
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incorporates the shared experience tenet, which refers to the learner’s capacity to acquire knowledge and learn through participation
in diverse or heterogeneous groups. Also, Guaman-Quintanilla et al. (2023) explain how DT main characteristics (human-centred
approach, solution of ill-defined problems, creativity, teamwork/collaboration, prototype-driven) can also be linked to constructivist
tenets. Both constructivism and DT view teachers as facilitators instead of instructors (Murphy, 1997; Noweski et al., 2012). It is worth
mentioning that the formalisation of the DT process offers educators assistance in executing constructivist learning. The facilitator can
adjust the DT phases according to the learning objectives and context needs. However, it is the whole process, encompassing all its
stages, that establishes the framework for constructivist learning (Scheer et al., 2012).

3. Our Design Thinking model

There are several Design Thinking (DT) models. A six-stage double diamond DT model (Fig. 1) serves as framework to the ‘Analysis
and Problem Solving’ course, which is the course under study in this manuscript (‘DT course’ onwards). An earlier version of the
aforementioned model was reported by Santos Ordóñez et al. (2017). Fig. 1 merges both the d.school’s “Hexagon” model (Hasso
Plattner Institute of Design at Stanford University, 2010) and the Design Council’s “Double Diamond” model (Design Council, 2007).
The “Hexagon” model, which is one of the most popular models used in educational and corporate settings, represents DT as a 5-stage
model: Empathise, Define, Ideate, Prototype, Test; such model poses ‘radical collaboration’ as one of the mindsets that need to be
adopted in order to apply DT (d.school, 2010). On the other hand, the “Double Diamond” is formed from four phases: Discover, Define,
Develop and Deliver. This latter model was originally used at the corporate level and also emphasises team collaboration as a key
aspect (Design Council, 2007). Santos Ordóñez et al. (2017) identified that both models had the potential to merge as follows: the
Empathise stage from the “Hexagon” model shares characteristics with the Discover phase of the “Double Diamond”, since the problem
is explored in both. The Define stage from the “Hexagon”matches the Define phase from the “Double diamond”, in terms of (re)framing
the problem. The Ideate and Prototype stages from the “Hexagon” model fitted the Develop phase from the “Double diamond”, as
solutions are expected to be posed and built. Finally, the Test stage from the “Hexagon” seemed to be more aligned with the Deliver
phase from the “Double Diamond”, where the solution is expected to be delivered after being tested. In Fig. 1, the first diamond
comprises three stages: Research, Empathise and Define. The second diamond includes other three stages: Ideate, Prototype, and
Validate. The left-side of each diamond represents the divergent thinking students go through in the problem space and solution space,
while the right-side of each diamond represents the convergent thinking in both spaces. If seen as a linear process, an initial problem
prompt is expected at the beginning, a problem (re)definition is expected by the middle of the process, and a solution proposal is
expected by the end. Moreover, there is an iterative alignment of both spaces.

4. Designing and setting up the Design Thinking course

4.1. The story behind the implementation of Design Thinking at an Ecuadorian university

In 2017, a mandatory Design Thinking (DT) course (called ‘Analysis and Problem Solving’) was one of the new courses resulting
from a massive curriculum reform carried out at Escuela Superior Politecnica del Litoral (ESPOL), an Ecuadorian university. That
reform aimed at restructuring the curriculum so that sufficient time, space, and effort would be used to focus on the development of
entrepreneurship, systemic and systematic thinking, among other goals. The reform was partly guaranteed by the adoption of inno-
vative instructional approaches and an emphasis on a new set of learning strategies. The DT course was designed to teach students a
way to solve real-life problems from a human-centred perspective. It is mandatory for all first-year students, all fields included (STEM,
Social sciences, Humanities, Design). The Entrepreneurship and Innovation Centre of the aforementioned university coordinates the
logistics and academic support of the DT course, as well as the faculty training in DT. Each semester,>900 students take the DT course,
distributed in 30 course sections, approximately, up to 35 students per classroom. Facilitators of this course belong to different fields,
and they first have to take—and pass—a training on DT, offered by the university, to become a DT facilitator.

In addition to the DT course, the university has promoted and trained faculty from all departments, to have at least another course
using DT in each undergraduate program. Similarly, all capstone course facilitators have been trained in DT and are expected to guide
their students’ projects using DT.

It is worth mentioning that the authors of this study have been involved in different activities related to the DT course design,
teaching, faculty training, and research on the DT impact on students’ skills.

4.2. Intended learning outcomes

In the official course syllabus, the course information states: “In this course, students apply the Design Thinking methodology to identify
and analyse real-life problems or needs, in order to design innovative solutions. Students work in multidisciplinary teams to present solution
proposals that add value to customers/users from private companies, public organisations, and non-profit organisations.”

According to Biggs (2003), the curriculum and its intended learning outcomes (ILOs), the instructional techniques employed, and
the assessment tasks should all be aligned among each other; this approach is called Constructive Alignment. Consequently, the first
step is to define the ILOs. ILOs should express what students are required to demonstrate, not only in terms of understanding a topic,
but also in performance levels. In this regard, the ILOs posed in the DT course syllabus are: (i) Identify problems by using research and
empathy tools to deeply understand them. (ii) Define a problem using various systematic and methodological DT processes to generate
innovative solutions. (iii) Propose innovative solutions using prototyping and validation tools to evaluate desirability, feasibility, and
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viability. (iv) Argue how a solution proposal satisfies identified need(s) through the application of communication techniques. As it
will be presented below, the instructional techniques and the assessment applied align with the ILOs stated previously.

4.3. Facilitators: training and then working as a team

At the Ecuadorian university under study, a requisite for being a facilitator (teacher) of the DT course is to approve a training
program, which is set up as part of faculty professional development. The training is offered up to twice a year; each cohort has a
maximum capacity of thirty participants, and there are two co-facilitators (trainers). This training not only covers the DTmethodology,
its stages, and tools, but also requires participants to develop a project in which they apply DT to solve a real-life problem. This allows
the participants to walk the same path as their future students will. We have designed and improved this training over time to be
applicable across various disciplines and educational levels, transforming education and preparing students for the challenges of
today’s world. Appendix A contains the details of this training. After approving the training, any faculty member who wants to become
a facilitator of the DT course at this university commits to follow the course structure, content, and guidelines (indicated in this article).
New DT facilitators receive coaching from the course coordinator to help them when teaching the course for the first time.

The DT course facilitators team is composed of around twenty people from different faculties and fields (engineering, economics,
administration, biology, graphic design, etc.), bringing rich perspectives and skills for course improvements. Having a large and
diverse group of facilitators requires building rapport and collaboration. To achieve this, the DT facilitators teammeets at least once or
twice per month in order to check course progress, report problems, give or receive feedback, share any new information or insight
relevant to the course, evaluate the strategies applied in the course, and agree on improvement actions to take. It is important that
these meetings offer a safe environment to express personal ideas and concerns, as well as to find help when needed. The DT facilitators
team also shares online resources such as a virtual repository with course materials organised by convenience, and a group chat for
informal communication.

4.4. Finding real-life problems and ‘sponsors’

A very important characteristic of the DT course is that students apply DT while working on real-life problems. Facilitators build
teams of maximum six students each, and each team addresses a different problem over the course of the semester. Every team has a
problem ’sponsor’: a representative of an organisation (e.g., NGO, foundation, small business, company, etc.) that owns a problem and
agrees to let students investigate the problem and propose a solution. The sponsor becomes the contact person for the course facilitator
and the student team. Before starting each semester, facilitators look for sponsors who are willing to propose problems. The search for
problems usually starts from the facilitator and the university’s networks. It can extend to reaching out to some organisations by email
or social media to explore their potential interest in participating as sponsors. Since the course is offered to first-year students, DT
facilitators should make sure that the problems are not too technical or too complex to be addressed by a first-year student team.
Sponsors are warned that they will not get final products or sophisticated prototypes, but simple or mid-level prototypes as the best
outcome, or nothing if students fail to meet the requirements of the course. Sponsors commit to provide time and answers to students

Fig. 2. An actual class session of the Design Thinking course where students are building and testing low-fidelity prototypes. Notice the equipment
of the classroom, each table is occupied by one team.
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and to give feedback during the DT cycle up to the final presentation of the project. Each sponsor can propose more than one problem if
they want to. Examples of typical problems for the DT course are: How might we raise more funds (for an NGO)? How might we
improve customer service (for a small business)? How might we recruit more volunteers for our organisation (a foundation)?

4.5. Course length and session distribution

The DT course lasts a whole academic term (i.e., a semester), with two 1.5-hour sessions per week (i.e., 3 h per week). At the
university level, each academic term is composed of sixteen weeks. After the first seven weeks (half of the semester), the first exam
takes place, and right after the last week of classes (at the end of the semester), the second exam takes place. During the half of the
semester, students learn the first three stages of the DT model (Fig. 1): Research, Empathise, Define; in the second half, they navigate
the last three stages: Ideate, Prototype, Validate.

4.6. Classroom setup and materials

Another important aspect to prepare before starting the semester is the classroom facilities. The classrooms where this course is
delivered are equipped with round tables, several whiteboards (at least one per team), a projector, and materials such as flip charts,
markers, tape, post-its, and low-prototyping materials (see Fig. 2).

The course administration (announcements, course information, homework assignments and submissions, resources, grading book,
etc.) is carried out through the institutional learning management system (LMS). Next to physical materials, there are also digital
materials prepared before the start of the semester. These materials (videos, readings, homework instructions, etc.) are organised in the
LMS per class session, so students know what to review before the class, the topic they will be working on during the class, and the
homework assignment they should complete after the class. All course sections follow the same structure and materials. Fig. 3 il-
lustrates how material and activities are organised before, during, and after a class session.

Zooming in Fig. 3, the majority of class sessions have a similar structure, as follows:

a) Welcome: Agenda for the session, objectives of the session. (5′)
b) Introductory activity: It could be a brief discussion on any news, a cartoon, a thought-provoking phrase, etc. (5′)
c) Recapitulation: Summary of the tool(s) or technique(s) of the day (as mentioned earlier, students should check the resources

indicated by the facilitator before the class) and clarifying doubts. (15′)
d) Teamwork: Teams apply the corresponding technique(s) or tool(s) to their projects. The facilitator walks around the classroom

checking on the students’ progress and providing feedback. (35′)
e) Plenary session: A couple of teams present their advances to the rest of the class in 3–5 min each. (25′)
f) Wrap-up: The facilitator closes the session by summarising the main points and tips. Also, the facilitator presents the homework

assignment and deadlines. (5′)

4.7. Group composition and teamwork

Team members, typically five or six students per team, work together on the project during the semester. Facilitators are
responsible for composing student teams in their course sections, considering (i) the student preferences for a given problem, (ii) the
program where students are enrolled to promote multi-disciplinarity, and (iii) gender balance. Therefore, in order to help students
make an informed decision, during the first week of classes, they are asked to briefly research about all of the 5–6 eligible problems
(and their corresponding sponsors) presented by the facilitator. Next, students fill out an online form where they include their aca-
demic program, gender, and a ranking of the problem topics based on their interests. With that information, facilitators form the teams.
From that moment on, each team sits knee-to-knee during the rest of the sessions. The first team activity consists of introducing and

Fig. 3. Class structure divided by class moments.

S. Guaman-Quintanilla et al.



Thinking Skills and Creativity 56 (2025) 101759

7

organising the team. This activity comes with a template and step-by-step instructions, provided by the facilitator. First, students
introduce themselves and indicate their self-perceived skills. Next, students are required to discuss and agree on the team rules and
logistics (e.g., a fixed schedule for course meetings outside the class, means of communication, etc.). Teams are also required to assign
roles to each team member; those roles rotate each week, so all students have the opportunity to take on different types of re-
sponsibilities on the team. The description of the suggested team roles, examples of team rules and logistics, and recommendations for
good teamwork are included as part of the instructions for the activity. During the coming class sessions, the facilitator assigns teams to
work on class activities and homework assignments.

4.8. Evaluation and grading policy

In the DT course, the main output is the project developed by each team. Consequently, most of the final grade is composed of
activities related to the project. Table 1 details the graded activities that occur along each half of the semester. Each of the components
of the grade is described below. The final grade obtained by each student is the average of the highest two grades among the course
grade obtained in the first half of the semester, the second half, and an optional ‘make-up exam’ (an extra exam for students who have
failed the course or would like to improve their course grade). A unified grading policy is shared with the students at the beginning of
the course. Moreover, all facilitators provide students with the rubrics applied to grade the project report, oral presentation, sprints,
and teamwork. In this way, students know what and how their work and performance will be assessed.

The distribution throughout the semester of the activities mentioned above is presented in Fig. 4.
Project. Projects are developed during the semester and have two important deliverables that have to be completed for each exam: a

written report and an oral presentation. At the beginning of the semester, facilitators share with student teams a report template (the
same report for all course sections) that serves as a guide to document the project and present the DT tools and techniques applied
throughout the semester, as well as the final prototype proposed. This template contains an explanation of what each section should
contain. Students also receive instructions to prepare their 10-minute oral presentations where all team members must intervene. The
first exam requires teams to show their progress on Research, Empathise, and Define stages. During the oral presentation, students are
evaluated both at the individual and team level. Reports are evaluated as a team. The evaluation of the written report and oral pre-
sentation is done using rubrics, which are shared to the students via the LMS. Evaluation includes grading and feedback. For the final
exam, each team prepares an oral presentation and a written report that includes all DT stages. Rubrics of the final written report and
oral presentation are given as well. For those students who want to take the make-up exam, they can do it alone (if no one in their team
want to take it), or with other team members. They are required to implement all the feedback given by the facilitator during the final
exam, and to develop a higher fidelity prototype and validate it with more potential users. At the make-up exam day, students submit
their full report and give an oral presentation.

• Sprint: Halfway before each exam, teams are required to give an intermediate presentation called ’Sprint’. It consists of an oral 7-
minute presentation of the partial progress of the projects. No written report is required, and participation of all team members is
mandatory. At this point, students are also asked to complete a teamwork peer evaluation.

• Teamwork peer evaluation: At the time of the sprints and exams, students must complete a peer evaluation using a rubric provided by
the facilitator to reflect on their own performance as well as that of their teammates. Students evaluate aspects such as contribution
to teamwork, contribution to building an inclusive and collaborative environment, and conflict management.

• Homework: After each class session, students are required to advance their course projects using the techniques and tools addressed
in the corresponding session. Instructions for homework assignments are available through the LMS. Most of the time, homework is
required to be submitted per team, but there are also individual submissions. All homework contributes to the progress of the
course project.

• Quiz on content review prior class: Students are required to check material (e.g., watch short videos or read curated resources) before
each class session. Students can access the materials through the course LMS, and everything is organised by class session. The
material contains explanatory information about the tools and techniques in each DT stage, next to practical examples. After
checking the material in the LMS, students are required to answer a few multiple-choice questions to demonstrate their under-
standing of the reviewed content. Students have two attempts to answer the questions correctly. In this way, students come to class
better prepared, and they havemore time to apply those contents to their course projects during class sessions, receiving instant and
direct feedback from the facilitator.

Table 1
Grading policy of the Design Thinking course.

Graded activities during the first half of the
semester (Up to 100 points)

Graded activities during the second half of the
semester (Up to 100 points)

Optional ‘make-up exam’ (Up to 100 points)

Project report 30 % Project report 30 % Project report (50 %) þ Project oral presentation (50 %)
Project oral presentation 10 % Project oral presentation 10 % ​
Sprint 15 % Sprint 15 % ​
Teamwork peer evaluation 15 % Teamwork peer evaluation 15 % ​
Team homework 10 % Team homework 10 % ​
Individual homework 10 % Individual homework 10 % ​
Quiz on content review prior to class 10 % Quiz on content review prior to class 10 % ​
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5. Teaching and learning activities by Design Thinking stage

In this section, we dive into the Design Thinking (DT) course content and project progress. For each DT stage, we provide infor-
mation on number of sessions, how the tools and techniques are applied in the course project, as well as recommended instructions to
students. We include an example of how these tools and techniques were applied in one course project. In order to provide insights
regarding the course effectiveness, this section also provides data about the course outcomes for one of the 2023 academic terms.

5.1. Course content and project progress by Design Thinking stage

Table 2 presents a description of each DT stage taught in the course, following the six-stage structure from the DT model in Fig. 1.
This description includes a list of techniques and tools used per stage, plus the progress students are expected (and guided) to make in
their course project. The table specifies how many sessions are required to complete each of the DT stages; usually each session covers
up to 2 tools and techniques.

It is important to mention that the very first DT session is geared toward explaining what the course is about, exploring students’
course expectations, clearing doubts, and presenting the course policy to students. In this session, an icebreaker activity is also carried
out. Then, the first session for the Research stage is a team building session. In this session, students are assigned to a team, and then
each team is assigned a problem topic and sponsor.

5.2. Zooming into tools and techniques by Design Thinking stage

We developed a DT facilitation manual as a training resource for the DT training program for facilitators. The manual provides a
detailed description on how to cover each tool and technique taught in the DT course. The information guides on what should be
accomplished before, during and after class sessions, for each tool and technique, for each DT stage. It also provides a list of questions
that the DT facilitator can ask students teams to guide their progress during in-class activities. As an example, Table 3 shows the
information provided for the Empathy Map tool. The complete manual is provided in Appendix B.

5.3. Design Thinking course project: evidence from the field

To illustrate the implementation of the course design presented in this study, we share an example of a course project that was
developed by a student team in 2022 for a small therapy centre (project sponsor). The centre offers different types of therapies
(language, psycho-pedagogical, among others) for children, and they wished to increase their client portfolio. Hence, the project
sponsor posed the following challenge: “How might we attract more parents with children who need different types of therapy to our
centre?”. After going through the first diamond of the DT model (Research, Empathise and Define), the student team (re) defined the
problem as “Carmen (the persona, or user profile name, of a potential client) needs to feel secure about the services offered by the
therapy centre, taking into account the fact that social networks offer limited public information”. Next, at the end of the second
diamond of the DT model (Ideate, Prototype, Validate), the student team proposed a solution consisting of three elements: (i) a user-
friendly website for the centre that includes relevant information about the services offered and testimonials from current clients
(children and parents); (ii) a chatbot that would give quicker and more personalized responses to the website visitors; and (iii) a
keyholder with a QR code. Prototypes were built to validate this solution with different users. By the end of the semester, the project
sponsor expressed appreciation for the team’s thorough work and highlighted the practical relevance of the ideas. Further details
regarding the execution of this course project can be found in Appendix C.

Fig. 4. Distribution of Design Thinking course class sessions and main evaluation activities throughout the semester.
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Table 2
Design Thinking course content and project progress, divided in stages.

Diamond DT stages Stage description Techniques and tools in each
stage

Course project progress

Week 1 to 7
2 class sessions per week ¼ 14 sessions
Note: The first session is dedicated to presenting the course policy, introducing innovation concepts and the rationale behind DT. There is another session in week 5

dedicated to sprints.
First Diamond Research (4

sessions)
Students start at the left side of the first
diamond of the DT model. Students begin
the discovery of the context around their
projects. The facilitator guides them to
apply a divergent thinking to collect
primary and secondary data.

Secondary research
Stakeholder map
Observation
Interview for empathy

Each student collects secondary data about
their project topic in terms of context,
benchmark cases, and trends. Then they
start identifying the stakeholders involved
in the project. Next, they present their
analysis based on the observations and in-
depth interviews they conducted with the
sponsor and stakeholders.

Empathise (4
sessions)

Since DT is based on a human-centred
approach, students learn about the meaning
and importance of empathy when analysing
a problem. This stage is also at the left side
of the first diamond, so students are
encouraged to apply divergent thinking to
understand emotions behind user
behaviours.

Forced ranking
Customer’s journey map
Empathy map

Teams present the application and analysis
of each empathy tool. In this stage, students
identify the most relevant aspects of a key
situation related to the project topic. They
spot the pain points of themain stakeholders
involved in the problem. Finally, teams
identify the thoughts and feelings of the
main stakeholders about the problem from
their perspective.

Define (4
sessions)

Reflecting on the information collected,
students converge in a definition or re-
definition of the problem (right side of the
first diamond in the DT model). A key
element in this stage is finding good
insights, also known as the “aha moments”.

Saturate and group for
insights generation
Persona / User profile
Point of view (POV)
Design principles

Teams pose key findings (insights) obtained
from analysing all the collected data. They
build user profiles (Persona) that allow them
to better understand and identify the target
segment. Each team puts forward a problem
statement (POV: Persona + needs (verb) +
insight) and determines design principles
that will guide solution generation (second
diamond).

First exam
Week 9 to 15
2 class sessions per week ¼ 14 sessions
Note: In week 13 there is one session dedicated to sprints. The last session is a wrap-up where students reflect on the process followed along the course.
Second Diamond Ideate (4

sessions)
During this stage, students jump into the
second diamond of the DT model, which
means applying once again divergent
thinking to come up with as many ideas as
possible which will then be evaluated and
filtered. Normally, students choose the best
three ideas to use as a resource in the next
stage (prototyping).

Brainstorming
Analogies as inspiration
sources for ideas
Upside Down
Importance/Difficulty matrix
IPOS table (Insights, Design
Principles, Opportunities,
Solution)

Teams apply all ideation techniques to
propose different solutions to the problem
defined previously (via the POV). Next, they
analyse those ideas regarding the level of
impact and difficulty in the context of the
project setting. Then, the best three ideas
pass through the IPOS table, where teams
check if those ideas align with the insights
and design principles defined previously.
They also identify opportunities for those
ideas andmake the necessary adjustments at
the conceptual level.

Prototype (4
sessions)

Students become ‘makers’ building
prototypes of their ideas. As in the previous
stage, prototyping is situated at the left side
of the second diamond, which means the
students apply divergent thinking by being
flexible to iterate their prototypes as many
times as necessary. They go from building
low-fidelity prototypes of their best three
ideas, to building medium or high-fidelity
ones for their best idea.

Low-fidelity prototypes:
Sketching, Mock-Ups,
Storyboards, Roleplay

Each team chooses one or more low-fi
prototyping techniques to build three
prototypes based on the selected ideas from
the ideation stage. For each prototype, there
should be one hypothesis posed to be tested
through validation.

Mid-fidelity prototypes: 3D
printing, mock-ups app or
website, recreation of
environments

After validations, teams decide on what
prototypes pass to the mid-fi level, what
techniques they will use, and what changes
they will apply to them. At the end of the
course, each team presents the final
prototype of the proposed solution.

Validate (4
sessions)

Closing the second diamond (right side) of
the DT model, students need to make
choices, i.e., to converge. They test their
prototypes with real users and also collect
feedback from experts until they find that
one idea that will be presented as the
proposed solution.

Testing with users:
Smokescreen, One-night
performance, false interface
Feedback capture grid

Teams are required to plan and perform
validations of their low-fidelity and mid-
fidelity prototypes with real potential users,
experts, and the sponsor. Each team should
document those validations via audio,
video, or pictures.

Final exam

Source of techniques and tools: (Hasso Plattner Institute of Design at Stanford University (d.school), 2010; Lewrick et al., 2020; Seelig, 2015).
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5.4. Effectiveness of the course

The DT course under study has trained thousands of students over the years, with hundreds of sponsors providing problem topics.
Previous publications (see Guaman-Quintanilla et al. (2022, 2023)) have already documented the course’s impact on enhancing
problem-solving, creativity, and teamwork. Below, we provide results of the course considering information from the second semester
of 2023. We obtained data from student surveys, portfolio results from student outcomes assessments made by DT facilitators and
sponsor surveys. During this semester, 922 students were enrolled in the class, and 133 organisations participated as sponsors.

5.4.1. Student exit survey
By the end of the semester, students are asked to fill out an exit survey of the DT course, in which they rate the course, evaluate the

course content, their facilitator, their major takeaways, among other aspects. For the second semester of 2023, 724 students filled out
the exit survey, yielding a response rate of 79%. Respondents gave an overall rate of 4.2 out of 5 to the course. From all respondents, 85
% reported to feel motivated to apply DT beyond the course.

Respondents also reported satisfactory ratings with regard to several key elements of the course. Fig. 5 shows average ratings for
activities to be completed before the class session, teamwork activities (in and out of class activities, and evaluations), feedback
provided by the facilitator along the course, and interest in the assigned problem topic. Such rating values are higher than 75 out of
100.

When asked about which DT stage they enjoyed the most, students reported Prototype as the most enjoyable DT stage (25.6 % of
respondent chose it as the most enjoyable), followed by Research and Empathise stages (24.9 % and 22.8 %, respectively). Fig. 6 ranks
DT stages based on the aforementioned answers from students.

A last piece of information to share from the student exit survey relates to perceived improvement of skills. Fig. 7 synthesises how
much, on average, students perceive that this DT course improves their skills on problem solving, prototyping and validating, crea-
tivity, communication, teamwork, and getting out of the comfort zone. These results are highly satisfactory for all skills.

Table 3
Empathy Map: Description and Instructions to Students.

Techniques and Tools (d.school, 2010; Lewrick et al., 2020;
Seelig, 2015)

Class Moment Description

Customer’s Empathy Map Objective: Synthesise the
information collected and understand the demands of
present or potential users and customers by identifying
their feelings, thoughts, and attitudes.

Before class session Individual: Check the content material about Customer’s
Empathy Map via the LMS.

​ During class session Team: Select one stakeholder from your stakeholders’ map for
which you have the most information. Then, start filling out the
empathy map using the provided template. You are expected to
first fill out information about what the stakeholder sees, hears,
does, and say. Then, fill out the “feel and think” section. Finally,
fill out the “obstacles̈ and s̈uccess” sections of the empathy map.

​ After class session Individual: Build at least one empathy map considering the
information that have been individually collected through
observations and interviews up to this point. Use the provided
template. Include this information in the appendix section of the
report document.
Team: Synthesise all individual empathy maps per stakeholder
to build a single empathy map per stakeholder. Use the provided
template. Analyse which thoughts, feelings, obstacles, successes,
are a pattern within stakeholders, and from stakeholder to
stakeholder, along with any other learnings that arise from
building these maps. Include this information in the
corresponding section of the report document.

​ Questions teacher can ask
to guide teams during the
activity

• What objective information do you have regarding what the
stakeholder sees and hears? (in order to use information from
research instead of guesses)
• How do you differentiate what the stakeholder says from what
he thinks or feels?
• What can you infer from feelings and thoughts? What
objective, observable behaviours and oral comments from the
stakeholder make you infer those feelings and thoughts? (help
them separate what a stakeholder literally does and says, from
what the team is inferring the stakeholder is feeling and
thinking)
• What would you say could move the stakeholder /her away
from success? What data in your research makes you think so?
• What would you say has to happen for the stakeholder to feel
successful? What data in your research makes you think so?
• What do you learn from the stakeholder based on all
information you have included in the empathy map?
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Fig. 5. Average ratings of student satisfaction with Design Thinking course elements.

Fig. 6. Most enjoyable Design Thinking stages reported by students.

Fig. 7. Average rating of perceived skills improvement reported by students.
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5.4.2. Portfolio results from student outcomes assessments
This DT course undergoes periodic assessments on the attainment of learning outcomes. The Quality Assurance Department of the

university asks for a course portfolio with information regarding the development of two specific institution-wide learning outcomes:
the ability to work in teams, and the ability to create value when solving problems. Fig. 8 shows the portfolio results for the teamwork
assessment, and Fig. 9 shows the portfolio results for the problem-solving assessment. Data to assess teamwork comes from peer
evaluations, and data to assess problem-solving comes from an evaluation of the course project by the facilitator. For the teamwork
learning outcome, most students fall in the satisfactory or exemplary category for all three criteria (94 %). In the case of problem-
solving, most students fall in the satisfactory or exemplary category for criteria 1 (92 %); and around two-thirds of students fall in
the satisfactory or exemplary category for criteria 2 and 3 (80 % and 74 %, respectively).

5.4.3. Sponsor survey
Project sponsors are also asked to fill out a survey of the course by the end of the semester. It is worth noting that they are no obliged

to fill it out. For the second semester of 2023, 24 sponsors filled out the survey, yielding a response rate of 18 %. Respondents were
organisations from the public and private sector, including ONGs and SMEs. Fig. 10 summarises the feedback gathered from the
sponsors survey regarding working with first-year students from the DT course. These sponsors overall reported that this collaboration
contributed to their understanding of their problem. With regard to proposed solutions, most of respondents consider that working
with students helped them to solve their problem, although they are not necessarily interested in implementing the proposed solutions
as presented by students. Nevertheless, they do manifest an interest in having new students analysing new problems in the future.
Respondents also mentioned they would recommend other organisations to work with students in the class. In fact, four respondents
included contact information of potential new sponsors. Respondents also agreed that the course design and working with real-life
problems contribute students’ development both academically and professionally.

Lastly, respondents left comments on how to improve areas for the course. They mentioned that although the experience is positive
overall, some student teams could be more concrete when describing their solutions. They emphasised the importance of fieldwork to
understand the organisation’s problem and ability to implement the proposed solutions; they mentioned this fieldwork should not be
limited to visiting the organisation but also immersing in their customers environments. An additional comment they provided relates
to following up on solutions; they recommend collaboration with other courses to give life to the solutions (since the course scope ask
students to deliver a final prototype but no implementation is asked).

6. Discussion

In this paper, we have fully shared a thorough guide to assist any educator or educational manager interested in implementing an
evidence-based Design Thinking (DT) course that has proven to improve key skills such as problem solving, creativity, and teamwork
as demonstrated in previous works where the effects of this course have been tested (Guaman-Quintanilla et al., 2022, 2023).

In this section, we discuss the course’s effects using data from student surveys, facilitator portfolios, and the sponsor survey.We also
explore the theoretical and practical implications of our DT course, reflecting on its contributions to both practice and research.
Finally, we outline the challenges encountered and the limitations identified, offering insights for future refinement and application.

6.1. General discussion on the course’s effectiveness

Our DT course has demonstrated its effectiveness in enhancing students’ skills, providing a highly satisfactory learning experience,

Fig. 8. Results from teamwork assessment of the Design Thinking course.
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and addressing real-life problems, as evidenced by data from student exit surveys, portfolio results and sponsor surveys. Results from
student surveys highlight the impact of working with a user-centred approach to address real-life problems, given that most students
expressed their motivation to apply DT beyond the classroom. Students also reported that they perceived DT enhanced skills associated
to solving problems creatively and collaboratively, much in line with previous findings from Razzouk and Shute (2012) and Thi-Huyen
et al. (2021) about DT fostering creative and critical thinking. Students also reported the DT Prototype stage as the most enjoyable; this
finding is particularly important since the design of our DT course stresses the need of hands-on, interactive activities, which has been
previously linked to developing innovation skills (Glen et al., 2014). Define and Validate stages were found the least enjoyable, though.
These results might be explained by the convergent thinking required for these stages. As Ewald et al. (2019) state, the convergent
process of the Define stage implies synthesis and discussion to determine the point of view of the problem, resulting in higher cognitive
load to the student teams. A similar convergent thinking is required for the Validate stage in the DT course under study. In addition,
teams need to prove their final solution is desirable to the project sponsor (who is invited to the final presentation). This requirement
might pose additional stress to students, explaining why they find the Validate stage less enjoyable than the others. Portfolio results
also align to reported effects of DT on problem-solving and teamwork skills (Guaman-Quintanilla et al. 2022, 2023, Yu et al., 2024).
These positive results are also expected from a learning environment with structured facilitation to scaffold the learning process (Koh
et al., 2015). Feedback from sponsors underscores the broader impact of the course, highlighting the relevance of student-generated
solutions for organisational challenges, and expressing interest in continued collaboration. However, sponsors also mentioned the
importance of more fieldwork to generate even better solutions. These insights are consistent with Davies et al. (2013) and Retna
(2016), who stress the significance of authentic problem contexts and iterative solution refinement in DT.

Fig. 9. Results from problem-solving assessment of the Design Thinking course.

Fig. 10. Results from sponsor survey.
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6.2. Theoretical implications

Next to the positive results reported through the different actors, a sound theoretical and conceptual background explains the
promising results reflected in our DT course. First, it is important to mention that the present manuscript is part of a series of research
studies that include a scoping review on the adoption of DT in higher education (Guaman-Quintanilla et al., 2022). In that paper, we
found that problem-solving, creativity, and teamwork were the most common DT-related skills. We also noticed that the shortcomings
related to DT interventions and evaluative DT research represented a challenging and vast research agenda for the future of DT in
higher education. At that time, we pointed out that future studies should shed more light on the theoretical underpinning of DT and
help qualify the instructional design of DT interventions. Hence, two studies were carried out to assess the actual impact of our DT
course in three key skills: problem solving, creativity, and teamwork. These two studies applied a robust methodology and found a
positive impact on those skills from a multi-actor and multi-timing perspective (see Guaman-Quintanilla et al., 2022, 2023).

Other scholars (Noweski et al., 2012; Pande & Bharathi, 2020; Scheer et al., 2012) have mentioned the linkage between
constructivism and DT. Guaman-Quintanilla et al. (2023)explained how the DT characteristics of our course connect with construc-
tivist tenets. This instructional paper makes that connection more tangible. For instance, using real problems during the course, which
is a common characteristic of DT interventions, aligns with the constructivist tenets that claim that learning environments should
provide multiple representations of the reality, represent the natural complexity of the real world, and provide a real-world, case-based
learning environment, rather than pre-determined instructional sequences (Jonassen, 1994). Furthermore, the exposure to real sit-
uations pushes students to reflect on their insights (Scheer et al., 2012), thereby supporting the constructivist tenet of fostering
reflective practice. Additionally, the course’s emphasis on the human-centred perspective, particularly in stages like Empathise and
Validate, and its cooperative nature at the start of the semester align with the constructivist tenets of “focusing on knowledge con-
struction, not reproduction” and “supporting the collaborative construction of knowledge through social negotiation”. The latter is
explained by the concept of learning as the negotiation of meaning, which in our DT course requires the acceptance and agreement of
shared ideas among users, other stakeholders, and teammates in the knowledge-building community (Kanselaar, 2002). Lastly, the
facilitator plays a crucial role in both constructivist and DT settings. During the DT course, facilitators provide tools and methods that
students can use in the context of their own problems which start with the in-class activities. Therefore, as constructivist environments
emphasise, the activities in relation to the content define learning, not the content itself (Duffy & Cunningham, 1996). Furthermore,
this guide assists DT facilitators in their coaching role, emphasising the need to engage learners by weighing all perspectives and
selecting the most compelling one through reasoning and evidence (Jonassen, 1994).

As presented in Guaman-Quintanilla et al. (2022), we see teamwork as the operationalisation of cooperative learning in our DT
intervention. In that paper, we explain how our DT intervention meets each of the five key conditions for productive cooperative
learning: positive interdependence, individual accountability, social skills, promotive interaction and group processing (Johnson &
Johnson, 1999). With the present instructional paper, we have demonstrated that connection even further. For instance, we believe
this work will help facilitators promote students’ complementary roles through specific activities (positive interdependence); for
example, students are encouraged to assign roles among team members to complete activities concerning prototyping and validating
ideas. Moreover, the radical collaborative nature1 of DT (d.school, 2010) and specifically in the DT course, allows for promotive
interaction and group processing. In our DT course, the fact that each team has members from different programmes, and that these
teams use each member’s best abilities for building outcomes such as prototypes, are some examples of shared resources (promotive
interaction). Teams produce outputs like storyboards and mock-ups, which serve as a common ground and shared reference, pro-
moting better alignment among team members during discussions, clarification of ambiguities, collective reflection, and constructive
decision-making (group processing). Additionally, as mentioned earlier, the way we propose the course assessment promotes indi-
vidual accountability. We argue that this paper’s proposed course equips student teams with the necessary actions to effectively engage
with peers and problem actors, thereby fostering social skills.

6.3. Practical implications

In terms of practical implications, the course design that is presented in this paper reveals several considerations for educators
seeking to implement a DT course or to integrate DT to their instructional settings. First, a thoughtful course design of the DT course
allows for effective teaching. The structure and organisation of our DT course aligns with the most common DT practices reported in
the literature: utilizing real-world projects, working in teams, active learning among team members to find shared meaning, and
following a structured process (Lake et al., 2021; McLaughlin et al., 2022). These practices are enhanced with the semester-long format
of the course and two 1.5-hour sessions per week. Such structure provides students with sufficient time to solidify key concepts,
develop the course project, and strengthen their team dynamics. Additionally, sessions introduce the concepts for the course devel-
opment in a stepwise manner, in line with suggestions reported previously by other DT facilitators (Rauth et al., 2010; Skywark et al.,
2022). Early sessions in the course focus on foundational concepts and the rationale behind DT, and then progressively introduces
more complex and uncertain tasks in later sessions. Such approach allows for repetition and adaptation of key elements and
applications.

For each class session, the course design involves hands-on activities guided by the facilitator, with students applying DT tools and

1 The Hasso Plattner Institute of Design at Stanford University (d.school, 2010) defines “radical collaboration” as a DT mindset that brings
together innovators with diverse backgrounds and views to generate breakthrough insights and solutions.
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techniques from Table 2 directly to their projects. No written exams nor homework assignments about other activities are asked;
students can fully focus on their course project. This design facilitates feedback—a key component of the course structure. Students
give brief presentations at the end of most class sessions to showcase their progress, and the facilitator provides instant feedback
afterwards. Such frequent and actionable feedback meets a known student preference in DT courses for feedback rather than grades
(Skywark et al., 2022).

A final aspect to consider in relation to the course structure is the adequacy of the physical and organisational environment of the
course. Our DT course considers flexible spaces, access to materials, and a classroom designed for collaboration and active learning,
which is aligned with findings from prior research on DT learning environments (Davies et al., 2013; Retna, 2016). Together, these
elements underscore the importance of thoughtful course design in teaching DT effectively.

A second practical implication relates to teamwork, a cornerstone of the DT course. Teamwork enables students to apply the tools
and techniques to address real-life problems collaboratively. We recommend facilitators to form six-person teams, and up to six teams
per course. Based on our experience, this team distribution allows the facilitator to effectively manage the class while maintaining
high-quality feedback and oversight. This recommendation is consistent with recommendations for group sizes in DT literature, which
suggest teams of five to seven members (Lewrick et al., 2020).

Another practical implication involves sponsor selection and definition of the problem statement. Selecting appropriate sponsors
and defining suitable problems are critical components of the DT course. Involving a sponsor offers students opportunities to engage
with external actors who provide contextual insights, facilitate connections with other stakeholders, and enrich the idea validation
process. This interaction extends learning beyond the classroom and reinforces the societal impact of the university by fostering
collaboration between academia and external organisations. Sponsors also benefit from this relationship by gaining a clearer un-
derstanding of their problem definition and receiving creative solution proposals from student teams (aspects that they have positively
reported in the surveys presented in Section 5.4.3). It is desirable that sponsors present a vague problem statement to students,
encouraging a shift from a process-led thinking to a more creative, situation-based approach by exploring questions rather than
jumping to solutions (Rauth et al., 2010). The complexity of the problem must align with the expertise and experience of first-year
undergraduate student (Mosely et al., 2018). This consideration ensures that both students and sponsors derive meaningful out-
comes from the project execution.

The fourth implication addresses facilitators training. The facilitator role is crucial to scaffold the learning process in the DT course,
especially given its student-centred approach. Facilitators must actively intervene, monitor, and guide students throughout the se-
mester. Therefore, in our context, it became clear that professional development should be provided to guide educators in their actions,
specifically how they facilitate learning through their behaviour and interactions with students (Gillies & Boyle, 2010; Goodyear &
Dudley, 2015). Part of the training requires facilitators to engage in real DT tasks, allowing them to fully grasp why DT instructional
interventions have been set up in a specific way, as well as the value of the DT process, both for themselves and their students (Carroll
et al., 2010; Koh et al., 2015). However, adopting DT requires not only students but also facilitators to step out of their comfort zones,
shifting to a new way of teaching and learning that differs from the traditional approach (Mosely et al., 2018; Retna, 2016). Estab-
lishing follow-up trainings for facilitators remains critical to refine how tools and techniques are applied, intensify the DT practice, and
receive mentorship from more experienced facilitators and practitioners. The latter makes sense with suggestions by Koh et al. (2015)
and Brandão et al. (2024) about effective scaffolding of the learning process not only for students but for facilitators as well. It also
follows the view of Davies et al. (2013) that encourages facilitators to act as learners, enhancing their own creativity through
self-reflection, research, and coaching by external experts. By embracing continuous development, facilitators can better support the
dynamic and interactive learning environment that DT courses demand.

A final practical implication of the DT course involves ensuring the sustainability of DT education over time. The compulsory nature
of the DT course for all first-year students across all academic programmes has established this course as a shared foundation of the
university educational model. This shared foundation leads to greater integration, acceptance, and dissemination of DT, contributing
to its long-term sustainability. Since skills become more refined and honed as they evolve (Anderson, 1982), it becomes crucial to
extend DT practice beyond a single course. DT should therefore be embedded at subsequent levels within the curriculum. For instance,
the university offering the DT course analysed in this study offers at least three other DT-based compulsory courses in consecutive years
of all academic programmes. By applying DT to analyse and solve more complex challenges, students can further hone their skills. In
summary, this paper contributes to the continuous study of the real-world application of DT education, both from a rigorous
research-based perspective and for a wider audience that includes non-design disciplines.

Our practical experience in designing, adjusting, and facilitating DT, along with the research we have conducted, has led us to
identify some challenges. First, applicability depends on carefully tailoring course length and structure to participants’ educational
levels, project experience, and time constraints. Adequate time for hands-on activities, such as interviews and fieldwork, is essential, as
DT relies on experiential learning. Teachers integrating DT into their courses can adopt a "think big, start small" approach. To put it
another way, teachers can view DT as a toolbox from which they can select the most effective tools for achieving their learning ob-
jectives. Additionally, teachers can adopt DT as a prototype for validation, allowing them to apply it to specific course units or even
specific deliverables, like course projects. As suggested by Torrisi-Steele (2020), the rapid prototyping phase of DT in the teaching
context involves experimenting with ideas and strategies. Therefore, we encourage faculty to take action and begin experimenting with
the application of DT, using a DT mindset and the proposed guide presented here. Second, recruiting sponsors is critical but often
unfamiliar for faculty. Sponsors, such as alumni or foundations, provide real-world problems and insights, ensuring authentic learning
experiences. Finally, while cultural diversity may seem challenging, it fosters collaboration and innovative solutions, embodying DT’s
“radical collaboration” mindset (d.school, 2010). In this sense, diversity can be beneficial for learning from deep exchanges with peers
and breaking the silo mentality.
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Universities should examine how the information in this instructional paper might be applied, adjusted, or even rebuilt for diverse
subject disciplines and specific contexts. It is hoped that this work will serve as a guiding framework for effective design facilitation,
from non-designer facilitators to non-designer students, thereby assisting in the democratisation of capacity building, addressing
practical reasoning in ill-defined situations, and advancing sustainable 21st-century skills.

7. Limitations and future studies

This instructional paper has certain limitations. It focuses on a localised context—an Ecuadorian university— which may not fully
capture the global scope of design thinking (DT) as a worldwide educational trend. Nevertheless, the DT model presented in this paper
aligns with the most influential international models applied worldwide, making it adaptable to diverse educational environments.
Since each element of the course design has been presented modularly—including the information by tool and technique in the DT
facilitation manual—facilitators can adjust the design to address cultural factors, education levels, or any other context difference.
Another limitation is the lack of qualitative data, such as interviews with students, facilitators, and sponsors or detailed course ob-
servations, limits our understanding of specific details such as why students find more enjoyable certain stages more than others or the
course’s broader impact. Future research should address these gaps to refine DT facilitation and its integration across different settings.

8. Conclusions

This instructional paper provides full disclosure of an evidence-based Design Thinking (DT) course that fosters problem-solving
creativity and teamwork skills. The information provided serve as a comprehensive guide for educators, researchers and educa-
tional managers seeking to implement DT at their institutions. Building on more than six years of DT facilitation practice as well as
studies proving the course’s effectiveness, this guide offers practical insights into instructional design, emphasising a hands-on and a
student-centred approach, and provides a framework that can be adapted to diverse educational contexts. In doing so, our work
addresses key gaps in the literature with respect to DT facilitation, contributing to advancing DT pedagogy—and students skills
development overall.
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