


 
 



 



 

 

DESIGN BASED PEDAGOGY BOOK 

DESIGN BASED PEDAGOGICAL CONTENT KNOWLEDGE ACROSS 

EUROPEAN TEACHER EDUCATION PROGRAMS 

 

 

Editor: İbrahim DELEN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ankara 

2021

                                                 
 This project, "Progression and Pedagogy of Design (P2D): Contextualizing Design based Pedagogy 
in Teacher Education Programs" (Erasmus+ Programme Strategic Partnership Project No: 2020-1-
TR01-KA203-094180) has received funding from the European Commission within Erasmus+ 
programme. The European Commission does not constitute an endorsement of the contents which 
reflects the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein. 



 
 

DESIGN BASED PEDAGOGY BOOK 
DESIGN BASED PEDAGOGICAL CONTENT KNOWLEDGE ACROSS EUROPEAN TEACHER EDUCATION PROGRAMS  

Editor: İbrahim DELEN 

 
© Copyright. 

The book, which is an output of the ERASMUS+ project titled Progression and Pedagogy of Design: 

Contextualizing Design based Pedagogy in Teacher Education Programs, financed by the European 

Union and the National Agency, is available in whole or in part, to be used for educational 

purposes without any permission, provided that it is non-commercial and the source is cited. The 

book may be reproduced, distributed by electronic or printed forms. 

©Tüm Hakları Saklıdır.  

Avrupa Birliği ve Ulusal Ajans tarafından finanse edilen Progression and Pedagogy of Design: 

Contextualizing Design based Pedagogy in Teacher Education Programs adlı ERASMUS+ 

projesinin bir çıktısı olan kitabın, ticari olmamak ve kaynak göstermek kaydıyla, hiçbir izne 

gerek duyulmadan tamamı veya belli bölümü eğitim amaçlı kullanılmak üzere mekanik , 

elektronik, fotokopi veya başka yöntemlerle çoğaltılabilir, dağıtılabilir veya basılabilir.  

 
Yayıncı Sertifika No : 49260 

Matbaa Sertifika No  : 47479 

ISBN     : 978-605-170-659-7 

e-ISBN     : 978-605-170-660-3 

Kapak Tasarımı   : Kezban KILIÇOĞLU 

Mizanpaj    : Göksel ÇAKIR 
Baskı   : Vadi Grafik Tasarım Ltd. Şti. 
Adres   : İvedik Org. San. Bölgesi 88 Oto 3. Bölge 

   1420. Cad. No: 58/5 Yenimahalle-ANKARA 
Tel   : 0 312 395 85 71 
 

 

KÜTÜPHANE BİLGİ KARTI      

DESIGN BASED PEDAGOGY BOOK 
DESIGN BASED PEDAGOGICAL CONTENT KNOWLEDGE ACROSS EUROPEAN TEACHER EDUCATION PROGRAMS 

Delen, İbrahim 

 

Anı Yayıncılık, Ankara/Türkiye 

2021, 1. Baskı, xvi+152 sf., 16x24 cm 

 

ISBN: 978-605-170-659-7 

e-ISBN: 978-605-170-660-3 

 

Pedagogy, Education 

Design Based Pedagogical Content Knowledge, Design Based Pedagogy, Teacher Education 

 

Anı Yayıncılık 

Kızılırmak Sokak 10/A 

Bakanlıklar/Ankara 

Tel: 0 312 425 81 50 pbx 

e-posta: aniyayincilik@aniyayincilik.com.tr 

http://www.aniyayincilik.com.tr 

 

A harfinin evrimi 

 

 

http://www.aniyayincilik.com.tr/


 

PREFACE 

What Can You Find in the Design-based Pedagogy Booklet? 

P2D project (Progression and Pedagogy of Design [P2D]: Contextualizing 

Design based Pedagogy in Teacher Education Programs) is a 30-month project 

granted by the European Commission’s Erasmus+ program (Award# 2020-1-

TR01-KA203-094180). This project is built on a new framework called Design-

based Pedagogical Content Knowledge (DPCK). DPCK was a four-year journey 

to search for ways of supporting design-based pedagogy in teacher education 

(Delen et al., 2020). The idea of DPCK was to build a coherent framework that 

could be implemented in other universities and classrooms. First of all, I would 

like to thank all my colleagues for participating in numerous discussions in the 

Promoting Instructional Coherence through Science Teacher Education 

(PICoSTE) Erasmus+ project (Award # 2017-1-DE03- KA201-035669). All of 

these discussions aided in the formation of our ideas about the DPCK. Next, I 

would like to thank my colleagues in the P2D project for exploring how to 

implement this new framework in four different universities and countries.  

The booklet will offer you a detailed baseline for the need to switch our 

discussion to teacher education. All chapters in this booklet will examine the 

need to emphasize design-based pedagogy in teacher education. To 

accomplish this, we will begin Chapter 1 with a general description of 

pedagogy in the design education literature and how the DPCK concept is 

related to the existing body of literature. The following chapters in the book 

are closely linked with the DPCK framework (see Figure 1). The main emphasis 

of DPCK is putting the design challenges and products upfront. Connected 

with this goal, Chapter 2 and Chapter 3 will discuss how European studies 

focused on design challenges and design products.  

 
Figure. DPCK Framework 
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The second emphasis of DPCK is to integrate and connect the three 

dimensions of scientific knowledge (disciplinary core ideas, crosscutting 

concepts and scientific/engineering practices). Chapter 4 will bring a new 

perspective to this process by integrating critical thinking into scientific 

practices and the design process. Chapter 4 also introduces our activity 

framework and this chapter also includes activities designed for integrating 

critical thinking with different core ideas. Chapter 2 and Chapter 3 will present 

examples of design challenges and products that support critical thinking. 

Then, Chapter 5 will discuss how we can create/adapt integrated assessment 

strategies/tools when implementing design pedagogy in teacher education 

programmes.  

All chapters in this book will provide a short overview of the literature to make 

it clear that a focus on developing pre-service teachers’ DPCK is missing in 

teacher education. Chapter 2 and Chapter 3 provide a review from European 

perspective to discuss the scarcity of design challenges/products. Chapter 4 

and Chapter 5 review the literature from a broader perspective since there 

were very few examples linked to critical thinking and assessment.  

The final Chapter 6 concludes with a summary of P2D activity framework and 

our initial ideas for assessment. In the 2021-2022 academic year, the 

examples presented in this book will be implemented in four different 

countries and in teacher education programs throughout Europe. This book 

will serve as the baseline for project activities and next year, project partners 

will work on utilizing the pedagogy of design across different countries and 

teacher education programs. Activities presented from Chapter 2 to Chapter 4 

will be tested (Section 4 in these chapters include the activities). As stated in 

Chapter 5, new activities and assessment tools will be created during these 

implementations. Based on the results of our implementation, Chapter 6 will 

be revised. The second edition of the book will also include different case 

studies to discuss the design-based pedagogy implementation in four 

different countries.  
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CHAPTER 1 

Time to Focus on Design and Pedagogy in Teacher Education: 
Understanding the Gap  

İbrahim Delen & Fatma Özüdoğru 

 

1.1. Introduction: Design-Based Pedagogy Definitions & DPCK 

Integrating design has long been a part of engineering (Thompson, 2002) and 

architecture (Christenson 2017; McLaughlan et al., 2021) education. 

Boucharenc (2006) defined basic design as the principles of two-dimensional 

or three-dimensional design and also underlined that developing a basic 

design pedagogy requires developing "new curriculum and methodology for 

teaching" (p. 2).  

Thompson (2002) presented another definition called studio pedagogy as a 

shift in engineering education. Thompson (2002) argued that the curriculum 

should pay equal attention to engineering design and engineering science. 

Studio pedagogy may be defined as guiding students when they work on their 

design projects and sharing knowledge and experiences (Tripp, 1994). Studio 

pedagogy needs to be subtly considered if studios are to be enhanced 

(Knowlton, 2016). Tripp (1994) asserts that this kind of pedagogy should be 

like a master-apprentice relationship. Hooper et al. (2015) note that for an 

effective studio pedagogy, studio supervisors should create opportunities to 

discuss students’ projects to identify important design principles. Studio 

pedagogy is also related to balancing between students’ interests and those of 

other students in the studio, which indicates that studio supervisors need to 

have dual curricula, one for the whole class and an individualized curriculum 

for each student (Hetland et al., 2007). 

As design has become part of K-12 education, new definitions have emerged 

in the last decade: STEM (science, technology, engineering and mathematics) 

pedagogy and maker pedagogy. Connected with the definitions emerging from 

higher education, these definitions have continued to explore how to better 

implement design. The STEM pedagogy emphasizes understanding how to 

integrate science, technology, engineering and mathematics. A major 

discussion in STEM education has been how to integrate the four STEM 

disciplines pedagogically. However, no consensus has been reached on a 

model of integration, since how these disciplines interact in a pedagogical 

situation is based on the level of integration chosen, which may be 

disciplinary, multidisciplinary, interdisciplinary or transdisciplinary with an 

increasing level of integration (English, 2016). Bybee (2013) presents nine 
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different STEM education perspectives. However, it is clear that STEM has an 

interdisciplinary nature, focusing on real-life problem-solving. In addition, 

Allen et al. (2016) suggest that constructivist teaching-learning and inquiry-

based learning align with STEM pedagogy exceptionally well. When exploring 

the connections between different disciplines, Leung (2019) defined a new 

term called boundary pedagogy to identify the links between inquiry and 

modeling. Leung examined STEM pedagogy and the connections made 

between science and mathematics. 

Maker pedagogy examines how to implement design in makerspaces. 

Makerspaces can be defined as spaces that are equipped with materials and 

other resources so that students may utilize them as they develop creative 

solutions to complex problems (Shively et al., 2021). Blikstein (2013) suggests 

that use of makerspaces improves 21st century skills such as critical and 

creative thinking required from individuals in global world. However, previous 

research has shown that makerspaces may enhance these skills, especially 

when maker pedagogies are integrated, and these pedagogies include 

process-oriented strategies such as design-thinking (Noel & Liub, 2017). Some 

of the principles of maker pedagogy are (a) technology may be used for 

problem-solving in a multidisciplinary way by offering novel opportunities, (b) 

process over product is emphasized, (c) collaboration of learners from 

different disciplinary backgrounds is encouraged, which integrates 

inclusiveness, sharing of knowledge and openness to learning (Bullock & 

Sator, 2018). 

Another definition connecting design and pedagogy is design-based pedagogy 

and this new definition is connected with the earlier definitions. Royalty 

(2018) viewed design-based pedagogy as a new approach to use when 

teaching design to non-designers and defined it as an educational 

environment with instructional scaffolds that lead students to problem-solving 

by designing. Zhou et al. (2020) defined design-based pedagogy as an 

approach that is implemented in studies implementing 3D printing. Although 

Zhou et al. (2020) initially started with the design-based pedagogy idea, later 

in the paper they created a framework for STEM pedagogy utilizing 3D 

printing. This new model puts an emphasis on design and then focuses on how 

to create STEM programs implementing this idea. 

Royalty (2018) stated that design-based pedagogy is an emergent form of 

education, with similar paradigms to the existing ones but having unique 

attributes. Design-based pedagogy is reported to have five main 

characteristics: “(1) audience -generally non-designers, (2) challenges - open-

ended projects extend beyond the classroom, (3) teams -students work in 

interdisciplinary teams, (4) practice -students are engaged with problem-

solving practices, (5) creativity - students have the opportunity to enhance 

their creativity” (Royalty, 2018, p.138). In addition, Goriss-Hunter et al. (2021) 
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note that design-based pedagogy is used by teachers so as to challenge 

students in different STEM subjects, which enables students to improve their 

design skills to be used in future employment as well as agency that is defined 

as autonomous self-directed learning. 

Furthermore, Royalty (2018) conducted a survey of 27 design educators who 

use design-based pedagogy and discovered that design-based pedagogy is 

more robust than other frameworks like the instructional design framework for 

authentic learning and constructivist learning. It was determined that design-

based pedagogy had real projects, scaffolding, mentors, multiple perspectives, 

teams, reflection and diminishing mentor support in the later design process 

in common with the instructional design framework for authentic learning. 

Besides, design-based pedagogy has real projects, student choice, scaffolding, 

connection with the campus and the community, feedback from others and 

reflection in common with constructivist learning environment. But, five 

design-based pedagogy variables, including tone, fun, food, budget and size of 

class did not connect with any of the frameworks. 

Our work in design-based pedagogy was a four-year journey in a teacher 

education program (Delen et al., 2020). This journey resulted in creating a new 

framework called DPCK (Design-based Pedagogical Content Knowledge). 

While working with non-designers to explore design-based pedagogy (Royalty, 

2018), we realized that pre-service teachers were capable of completing 

design products but they struggle when creating a learning environment. This 

is why DPCK framework starts with placing the design challenges/products 

upfront similar to Zhou et al.’s (2020) approach. DPCK framework then asks 

pre-service teachers to develop learning environments connected with the 

design challenges/products. Zhou et al.’s (2020) approach emphasized 

creating an integrated STEM program, but DPCK asks teachers and teacher 

educators to think how they can make updates in the existing courses to find 

coherent applications related to design-based pedagogy. DPCK does not aim 

to add another course to the curriculum, DPCK is an exploration of coherence 

in design-based pedagogy.  

1.1. 1. Aim of the Study 

After the introduction of the Next Generation Science Standards (NGSS, 2013), 

there is a move to include design and pedagogy in K-12 (Honey et al., 2014) 

and teacher education (European Schoolnet, 2018; National Academies of 

Sciences, Engineering & Medicine [NASEM], 2019). Departing from this, the 

first goal of this study is to explore the areas of emphasis in design and 

pedagogy studies from a broader perspective. In addition to this goal, this 

study will explore the yearly distribution, study type, and participant group of 

design and pedagogy studies; research methods used by authors publishing 



4 / DESIGN BASED PEDAGOGY BOOK 

studies in design and pedagogy literature; and the top journals publishing 

design and pedagogy studies. Finally, this study will present a detailed 

overview of design and pedagogy definitions represented in teacher 

education studies. 

1.2.  Methods 

To find design related keywords, we first created a list of potential keywords. 

To accomplish this, we entered "design" and "pedagogy" into the search box 

and then scanned the titles of 900 articles on Google Scholar. This created a 

list of the following keywords: "design pedagogy", "maker pedagogy", "STEM 

pedagogy", "studio pedagogy", "pedagogy design", "design thinking 

pedagogy", "pedagogy driven design", "design based pedagogy", "design 

oriented pedagogy", "pedagogy of bio-design", "pedagogy informed design", 

"pedagogy-driven learning design", "design-based learning pedagogy", 

"pedagogy of bio-inspired design", "pedagogy-driven approach to design", 

"pedagogy by design", "pedagogy for design", "design as pedagogy", "design 

studio pedagogy", and "process oriented design pedagogy". 

After creating a list of keywords, we searched for these keywords in the title, 

abstract and author keywords. The search was conducted on the Web of 

Science (WoS) database. We limited our search to articles published in English 

and emphasized only Education, Educational Research or Education Scientific 

Disciplines. As presented in the PRISMA flow chart (see Figure 1.1), our search 

yielded 145 original articles. The goal of this chapter is to start with a broader 

picture of design and pedagogy studies, and the search was not limited to 

European countries.  

When screening the articles, we used the Rayyan (Rayyan QCRI) systematic 

review application. Both authors coded all the articles with an emphasis on: (1) 

Participant Group, (2) Type of Study (Implementation, Descriptive, Theoretical 

and Literature Review) and (3) Research Method. During the screening process, 

both authors met regularly to discuss the coding scheme, and yet there were 

disagreements about 20 articles (86% agreement rate). All of these 

disagreements were resolved in a discussion meeting. At this stage, 44 

abstracts missing design pedagogy related keyword were excluded. A total of 

101 articles were included in the study. 
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In the first stage of the analysis, we conducted a bibliometric analysis by using 

the VOSviewer software to present the keyword co-occurrence mapping (Van 

Eck & Waltman, 2010). The goal of the bibliometric analysis was to understand 

the tendencies in design-based pedagogy studies. In addition, this analysis 

also investigated the yearly distribution, type of study, method used, 

participant group and popular journals in design-based pedagogy studies. 

After the bibliometric analysis, we initiated the systematic review to explore 

the emphasis on teacher education in different definitions. Among various 

design and pedagogy definitions, only seven of them were in teacher 

education studies. We provided a detailed overview for 15 teacher education 

studies including these seven different definitions. 

1.3.  Findings 

In this section, we will first present the general outline of design and 

pedagogy studies. Later in the chapter, we will provide an in-depth analysis of 

keywords linked to teacher education. 

1.3.1. Bibliometric Analysis 

Vosviewer keyword analysis was conducted with a threshold of two keywords. 

The results yielded 26 keywords and six clusters (see Figure 1.2). In the red 

cluster learning, art and thinking are the central keywords. This cluster also 

includes project, robotics, immersion and impact. In the green cluster, 

experiences was at the center. This cluster also includes teachers, adoption and 

information. The blue cluster has studio at the center. Other keywords in this 

cluster are creativity, design and knowledge.  

The orange cluster has science at the center and also includes instruction, 

language and urban. The yellow cluster has engineering design at the center 

and presents innovation, research design and play. The last cluster is the purple 

cluster and technology is at the center. This cluster also has higher education 

and multimedia.  

 

40 
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Figure 1.2. Cluster Analysis for Design and Pedagogy Studies  

As presented in Figure 1.3, majority of the studies discussing the design and 

pedagogy were published in the last five years. 

 

Figure 1.3. Number of Design and Pedagogy Publications in the last 20 years  
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%20 of the studies were descriptive, and the authors only asked about the 

opinions of the participants. The remainder of the studies included theoretical 

papers and literature reviews. 

 

Figure 1.4. Study Type for Design and Pedagogy Studies (From 2002 to 2021 in WoS 

Database)  

In Figure 1. 5, we reviewed the methods used in the implementation and 

descriptive studies. The most common method used in these 74 studies was 

qualitative (36%), followed by mixed methods (21%) and case study (17%). 

Only 13% of the studies used quantitative methods. 

 

Figure 1.5. Method used in Design and Pedagogy Studies (From 2002 to 2021 in WoS 

Database) 
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but the number in Figure 1. 6 is a little higher since the studies may include 

more than one group (e.g. K-12 students and in-service teachers, 

undergraduate students and faculty members). Design-based pedagogy 

research is primarily concerned with working with undergraduate students 

(%46 of the studies). On the other hand, only five studies worked with pre-

service teachers.  

 

Figure 1.6. Participant Groups for Design and Pedagogy Studies (From 2002 to 2021 in 

WoS Database) 

When we look at the journals publishing articles emphasizing design-based 

pedagogy, three journals published a large majority of the articles (see Figure 

1.7): International Journal of Art & Design Education, International Journal of 

Technology and Design Education and International Journal of Engineering 

Education. The journal that published the most articles in the other parts was 

the British Journal of Educational Technology, with three articles. Other 

journals published less than three articles and all of them were presented in 
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Figure 1.7. Distribution of Design and Pedagogy Articles by the Most Popular Journals 

(From 2002 to 2021 in WoS Database) 

1.3.2. Design and Pedagogy Keywords in Teacher Education 

15% of the studies in our analysis included pre-service and in-service 

teachers. In teacher education studies, there were eleven conducted with in-

service teachers and four conducted with pre-service teachers. Teacher 

education studies included seven different design and pedagogy definitions.  

1.3.2.1.  STEM Pedagogy 

We reached six teacher education studies mentioning STEM pedagogy in the 

WoS database. Five of these studies included in-service teachers and one 

study included pre-service teachers. Two of these studies proposed solutions 

for more effective STEM teaching. For instance, Allen et al. (2016) described 

adaptive teaching in STEM as a process that makes teachers recognize their 

students’ STEM conceptual development, inquiry processes and real-life 

connections and adjust their teaching in order to further enhance the 

students’ learning. In their study, they illustrated the adaptive teaching 

process of a novice science teacher. The findings indicated that teachers who 

possessed well-developed STEM pedagogical content knowledge, a 

constructivist approach to teaching STEM and the ability to reflect on their 

teaching were in a better position to implement adaptive teaching. In another 

study, Leung (2019) worked with mathematics in-service teachers and 

addressed implementation related to STEM pedagogy in K-12 education. 

Leung (2019) described an experimental lower secondary school mathematics 

lesson implemented in a science laboratory and supported modelling, inquiry-
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based learning, tool-based pedagogy and boundary pedagogy. The findings 

obtained from the mathematics teachers and their students indicated the 

features of how to conceptualize boundary pedagogy for students, which were 

learning and teaching through minimal instruction, letting students test 

different things, question themselves, be uncertain and make mistakes. 

In addition, two studies focused on professional development in order to 

enhance STEM pedagogy. For instance, Stieben et al. (2021) investigated the 

effect of two types of professional development models, which are research 

experience for teachers and online professional development, on middle and 

high school teachers’ preparedness and use of STEM pedagogy. As a result, it 

was revealed that both models had several benefits for teachers. Teachers 

expressed increased understanding of STEM teaching methods and 

assessment, STEM content and use of technology. Similarly, Hudley and 

Mallinson (2017) investigated the impact of professional development 

addressing culturally and linguistically responsive teaching on K-12 STEM 

teachers’ STEM pedagogy and practice. The results obtained from teachers 

indicated the challenges for teachers as well as opportunities for collaborative 

solutions such as integrating culturally and linguistically relevant materials 

into their K-12 STEM lessons. 

Furthermore, a single study was found investigating teachers’ views as regards 

to STEM pedagogy and its interdisciplinary nature. El-Deghaidy et al. (2017) 

explored science teachers’ views regarding STEM pedagogy as well as the 

factors facilitating or hindering its implementation in class. Science teachers 

also reported that they felt unprepared to apply STEM pedagogy and the need 

for professional development. It was also unearthed that engineering was the 

least mentioned discipline for integration among STEM disciplines. The 

findings also showed that teachers experienced both inner and external 

factors that hindered STEM pedagogy practices in class, such as a lack of 

education, resources, time, loaded science curricula and assessment 

approaches measuring lower-level cognitive ability. 

A single study was also found focusing on pre-service teachers. Chen et al. 

(2021) investigated preservice preschool teachers’ STEM self-efficacy, STEM 

pedagogical beliefs and their self-reported need for professional 

development. It was shown as a result of the analysis that preservice teachers’ 

STEM self-efficacy had a positive correlation between their STEM pedagogical 

beliefs and their need for professional development. The findings also 

indicated that STEM pedagogical beliefs had a mediator role between self-

efficacy sub-dimensions (cognitive concept and affective attitude) and self-

reported need for professional development.  
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1.3.2.2.  Maker Pedagogy 

Maker pedagogy was used in three teacher education studies. The first study 

under this category included in-service teachers. Shively et al. (2021) reported 

a four-year study that aimed to investigate how K-12 makerspaces were 

impacted by teachers’ behaviors and environmental factors. Throughout the 

study, teachers participated in professional learning sessions that focused on 

design thinking and students' experiences in makerspaces. As a result, it was 

discovered that teacher behavior changed over the course of four years, with 

an emphasis on collaboration, openness to change, and ongoing exploration. 

Moreover, teachers indicated professional learning, time to collaborate with 

colleagues and school culture as necessary factors to integrate maker 

pedagogy into their instruction. 

Remaining two studies under this category included pre-service teachers. 

Sator and Bullock (2017) aimed to explore how pre-service teachers 

constructed knowledge about technology and teaching of technology within 

the context of a maker pedagogy lab. The findings of the interviews revealed 

that preservice teachers engaged in exploratory and hypothetical discussions 

about teaching with technology, indicating that pedagogy enabled preservice 

teachers to develop their identities as science teachers. Bullock and Sator’s 

(2018) study employed a self-study methodology in which researchers as 

teacher educators explored themselves as makers. The study also included 

four preservice teachers, each of whom was taught by one of the researchers. 

The research findings indicated that researchers viewed maker pedagogy as 

distinct as it led the researchers to think about its implications for teacher 

education and allowed preservice teachers to be creative in design and 

creation by focusing on process rather than product. 

1.3.2.3.  Design Pedagogy 

Design pedagogy was the most frequent keyword in our analysis appering in 

46 of the articles. However, studies including this keyword had a very limited 

emphasis on teacher education. One of these studies included pre-service 

teachers and there was another one with in-service teachers. In the first study 

using design pedagogy, Page (2012) worked with pre-service teachers in a 

graduate program. 50 PSTs and 250 high school students explored 

comtemporary art practices and the author discussed this collaboration 

supported PSTs to consider including new practices into their own pedagogy. 

In the second study using design pedagogy in teacher education, Pill et al. 

(2019) worked with physical education (PE) in-service teachers to understand 

how PE teachers can intergrate digital game design pedagogy into their PE 

practices. 
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1.3.2.4.  Other Design and Pedagogy Definitions 

There were four design and pedagogy definitions (engineering design thinking 

pedagogy, design pedagogy use of technology, pedagogy design and design 

oriented pedagogy) used in individual studies. One of these studies included 

pre-service teachers and three of them included in-service teachers.  

Lin et al. (2021) designed an experimental study and worked with technology 

pre-service teachers and explored how including project based learning 

contributes to pre-service teachers’ engineering design thinking. In the 

experimental group, pre-service teachers were engaged with engineering 

design thinking process. Experimental group was given complex problems, 

whereas control group was given problems linked to their existing 

experiences. At the end of the study, experimental group had better scores in 

defining a problem, generating an idea and modeling. Lin et al. concluded 

including engineering design process in teacher education programs 

contributed to the development of engineering design thinking pedagogy. 

The remaining three studies included in-service teachers. These studies all 

explored different dimensions in teacher education. Dong et al. (2019) 

focused on pedagogical usage of technologies and investigated the 

connection between teachers’ technological pedagogical content knowledge 

(TPACK) and computer self-efficacy, techostress.  

The remaining two studies explored the pedagogy from a learning 

environment design point. Vartiainen et al. (2018) discussed design pedagogy 

as an intstructional practice to create connected learning experiences. 

Vartiainen et al. underlined that sharing expertise and building collaborations 

were helpful for kindergarden and elementary in-service teachers. In the final 

study under this section, Matruglio (2019) explored how to create learning 

environments in language learning with an emphasis on design pedagogy. 

1.4.  Discussion: Overview of Design and Pedagogy Studies 

There are numerous articles published in the last two decades, but we found 

that the vast majority of design and pedagogy studies have been published in 

the last five years. In addition, a big majority of the studies was conducted 

with undergraduate students. Connected with this one of the important central 

themes in our bibliometric analysis was studios. In the literature, there many 

examples of design studios in higher education settings. For instance, 

Thompson (2002) presents the results of a study conducted to teach 

engineering design to undergraduate students in an aircraft studio setting. 

Why studio pedagogy was chosen was that undergraduate students could 

learn to be flexible and integrate different disciplines. The results indicated 

that the studio approach fostered academic, organization, and laboratory skills, 
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as well as communication skills. McLaughlan et al. (2021) introduced a studio 

model to produce original research in collaboration with post-graduate 

architectural students. Making students acquainted with the complexities and 

uncertainty resulting from global challenges such as COVID-19 was also 

integral to the study. Students were engaged in hospital and palliative care 

design, and were provided with different stakeholders' perspectives during 

the process. The research findings revealed that the integrated approach of 

both research and teaching made students and teachers closer. Also, 

structuring the design studio around a research question taught students to 

manage complexities productively. McLaughlan and Lodge (2019) drew 

connections between epistemic fluency, which has been proposed by other 

scholars as a way to prepare students for complex challenges, and design 

thinking in a design studio as an appropriate pedagogical model for providing 

students with epistemic fluency. Authors created an architectural studio and 

included a diverse group of students from various disciplines. As a result of 

the findings, it was concluded that the studio-learning environment facilitated 

epistemic fluency by providing relevant and adaptable strategies. The 

response of studio pedagogy to challenging and ill-defined problems, design 

thinking process and inquiry, and artefact creation of students combining both 

theory and practice enhanced epistemic fluency. 

Another central theme in our bibliometric analysis was art in design education. 

For instance, Filimowicz & Tzankova (2017) introduced the ‘Multitiered 

Feedback Model’ and a case-based approach to learning and teaching. They 

compared small studio format delivery conducted in the previous semester 

with a new course design produced through a case-based approach and 

multilevel feedback in a high-enrollment Digital Photography course. The 

results indicated equivalent learning outcomes. Furthermore, it was revealed 

that students perceived case-based approach and multilevel feedback as 

significant factors in their learning experience. In another study, Sawyer (2018) 

interviewed 33 university professors and found that failure plays a vital role in 

art and design education.  

The most frequent research methods used by authors publishing design and 

pedagogy studies were qualitative and mixed method research. Sawyer (2018) 

conducted interviews with professors. Filimowicz and Tzankova (2017) 

conducted a survey as (quantative data) and also included student feedback in 

Digital Photography course (qualitative data). In addition to strong 

representation of qualitative and mixed method research, one out of five 

papers in our review were theoretical studies, and the International Journal of 

Art & Design Education was the most popular journal for authors publishing 

design and pedagogy studies. One of the papers published in the International 

Journal of Art & Design Education was Belluigi’s (2016) theoretical study 

discussing the construction of supervisors such as masters, coaches, or 
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reflective practitioners. In another theoretical study, Christenson’s (2017) 

study centers on architectural design. He discusses how traditional design 

studios are concerned with the production of new architecture and extends 

the discussion to the question of analyzing architecture that already exists. 

Knowlton (2016) discusses the purposes of design studios in Instructional 

Design and Technology education and asserts that design studios are 

theoretically conceptualized strongly. However, consideration of a prescriptive 

pedagogy to practice in these studios is lacking. 

1.5.  Conclusion: Time to Focus on Teacher Education with a New Definition 

The majority of the studies discussing the connection between pedagogy and 

design are in higher education. Our bibliometric analysis revealed a strong 

focus on higher education literature (art and studio studies). Connected with 

this, our systematic review of design and pedagogy definitions represented a 

lack of emphasis on teacher education. Only 15% of the studies in our 

analysis included pre-service or in-service teachers. Only seven design and 

pedagogy definitions were used in teacher education studies.  

Borrego and Henderson (2014) reviewed the STEM literature in higher 

education. Borrego and Henderson stated the importance of emphasizing 

design products in STEM education. The authors also underlined the need to 

support instructors to better implement the STEM pedagogy. Finally, Borrego 

and Henderson (2014) stressed that studies continue to focus on examining 

how to support design and pedagogy in teacher education. On the other hand, 

tradionally there is slow progress in teacher education programs adopting 

changes (Ball & Cohen, 1999; Ball & Forzani, 2009; Grossman & McDonald, 

2008). Unfortunately, this slow pace continues searching for design related 

pedagogy in the US (Honey et al., 2014; NASEM, 2019) and Europe (European 

Schoolnet, 2018). Departing from the dearth of definitions discussing design 

and pedagogy in teacher education literature, we proposed a new framework 

called Design-based Pedagogical Content Knowledge (DPCK) after exploring 

how to better implement design and pedagogy in a teacher education program 

(Delen et al., 2020). In this chapter, we started with discussing how different 

definitions emerged in the last two decades to place DPCK among these 

different definitions. The following chapters will add a detailed discussion to 

our argument by presenting this gap in teacher education from different 

angles. The following chapters will present our design-based pedagogy 

activity and assessment framework and examples from different universities. 

  



16 / DESIGN BASED PEDAGOGY BOOK 

References 

(Studies used in the review are marked with an asterisk). 

*Allen, M., Webb, A. W.,& Matthews, C. E. (2016). Adaptive teaching in STEM: 

Characteristics for effectiveness. Theory Into Practice, 55(3), 217-224. 

Ball, D. L., & Cohen, D. K. (1999). Developing practices, developing practitioners: Toward 

a practice-based theory of professional development. In G. Sykes & L. Darling-

Hammond (Eds.), Teaching as the learning profession: Handbook of policy and 

practice (pp. 3- 32). Jossey-Bass.  

Ball, D. L. , & Forzani, F. M. (2009). The work of teaching and the challenge for teacher 

education. Journal of Teacher Education, 60(5), 497-511.  

Belluigi, D. Z. (2016). Constructions of roles in studio teaching and 

learning. International Journal of Art & Design Education, 35(1), 21-35. 

Blikstein, P. (2013). Digital fabrication and “making” in education: The democratization 

of invention. In FabLab of machines, makers and inventors (pp. 1-21). Transcript 

Publishers.  

Borrego, M., & Henderson, C. (2014). Increasing the use of evidence‐based teaching in 

STEM higher education: A comparison of eight change strategies. Journal of 

Engineering Education, 103(2), 220-252. 

Boucharenc, C. G. (2006). Research on basic design education: An international 

survey. International Journal of Technology and Design Education, 16(1), 1-30.  

*Bullock, S. M., & Sator, A. (2018). Developing a pedagogy of “making” through -

collaborative self-study. Studying Teacher Education, 14(1), 56-70. 

Bybee, R. (2013). The case for STEM education: Challenges and opportunities. National 

Science Teachers Association Press. 

Chandler, L., & Ward, A. (2019). Immersed in design: using an immersive teaching space 

to visualise design solutions. International Journal of Art & Design 

Education, 38(2), 314-327.  

*Chen, Y. L., Huang, L. F., & Wu, P. C. (2021). Preservice preschool teachers’ self-efficacy 

in and need for STEM education professional development: STEM pedagogical 

belief as a mediator. Early Childhood Education Journal, 49(2), 137-147. 

Christenson, M. (2017). Kinds of designing and their functions in 

analyzing. International Journal of Technology and Design Education, 27(4), 611-

626. 

Delen, I., Morales, C. J., & Krajcik, J. (2020). Missing coherence in STEM education: 

Creating design-based pedagogical content knowledge in a teacher education 

program. In Integrated Approaches to STEM Education (pp. 361-383). Springer, 

Cham. 

*Dong, Y., Xu, C., Chai, C. S., & Zhai, X. (2019). Exploring the structural relationship 

among teachers’ technostress, technological pedagogical content knowledge 

(TPACK), computer self-efficacy and school support. The Asia-Pacific Education 

Researcher, 1-11.  

*El-Deghaidy, H., Mansour, N., Alzaghibi, M., & Alhammad, K. (2017). Context of STEM 

integration in schools: Views from in-service science teachers. Eurasia Journal of 

Mathematics, Science and Technology Education, 13(6), 2459-2484. 



 DESIGN BASED PEDAGOGY BOOK / 17 

 

English, L. D. (2016). STEM education K-12: Perspectives on integration. International 

Journal of STEM Education, 3(3), 1-8. 

European Schoolnet (2018). Science, technology, engineering and mathematics 

education policies in Europe. Scientix Observatory report. October 2018, 

European Schoolnet, Brussels.  

Filimowicz, M. A., & Tzankova, V. K. (2017). Creative making, large lectures, and social 

media: Breaking with tradition in art and design education. Arts and Humanities 

in Higher Education, 16(2), 156-172. 

Goriss-Hunter, A., Sellings, P., & Echter, A. (2021). Information communication 

technology in schools: Students exercise ‘digital agency’ to engage with 

learning. Technology, Knowledge and Learning, 1-16. 

https://doi.org/10.1007/s10758-021-09509-2 

Grossman, P., & McDonald, M. (2008). Back to the future: Directions for research in 

teaching and teacher education. American Educational Research Journal, 45, 184-

205.  

Hetland, L., Winner, E., Veenema, S. & Sheridan, K. M. (2007). Studio thinking: The real 

benefits of visual arts education. Teachers College Press.  

Hooper, S., Rook, M. M., & Choi, K. (2015). Reconsidering the design of a learning design 

studio. In B. Hokanson, G. Clinton, & M. W. Tracey (Eds.), The design of learning 

experience: Creating the future of educational technology (pp. 63-76). Springer. 

Honey, M., Pearson, G., & Schweingruber (Eds.). (2014). STEM integration in K-

12education: tatus, prospects, and an agenda for research. National Academies 

Press.  

*Hudley, A. H. C., & Mallinson, C. (2017). It’s worth our time: A model of culturally and 

linguistically supportive professional development for K-12 STEM 

educators. Cultural  Studies of Science Education, 12(3), 637-660. 

Knowlton, D. S. (2016). Design studios in instructional design and technology: what are 

the possibilities?. TechTrends, 60(4), 350-358. 

*Leung, A. (2019). Exploring STEM pedagogy in the mathematics classroom: A tool-

based experiment lesson on estimation. International Journal of Science and 

Mathematics Education, 17(7), 1339-1358. 

*Lin, K. Y., Wu, Y. T., Hsu, Y. T., & Williams, P. J. (2021). Effects of infusing the engineering 

design process into STEM project-based learning to develop preservice 

technology teachers’ engineering design thinking. International Journal of STEM 

Education, 8(1), 1-15.  

*Matruglio, E. (2019). Beating the bamboozle: Literacy pedagogy design and the 

technicality of SFL. Australian Journal of Teacher Education (Online), 44(4), 1-13. 

McLaughlan, R., Pert, A., & Lodge, J. M. (2021). Productive uncertainty: The pedagogical 

benefits of co creating research in the design studio. International Journal of Art 

& Design Education, 40(1), 184-200. 

McLaughlan, R., & Lodge, J. M. (2019). Facilitating epistemic fluency through design 

thinking: a strategy for the broader application of studio pedagogy within higher 

education. Teaching in Higher Education, 24(1), 81-97. 

https://doi.org/10.1007/s10758-021-09509-2


18 / DESIGN BASED PEDAGOGY BOOK 

National Academies of Sciences, Engineering & Medicine (NASEM, 2019). Science and 

engineering for grades 6-12: Investigation and design at the center. National 

Academies Press.  

NGSS Lead States (2013). Next generation science standards: For states, by states. 

National Academies Press.  

Noel, L., & Liub, T. (2017). Using design thinking to create a new education paradigm for 

elementary level children for higher student engagement and success. Design 

and Technology Education: An International Journal, 22(1), 501-512. 

*Page, T. (2012). A shared place of discovery and creativity: Practices of contemporary 

art and design pedagogy. International Journal of Art & Design Education, 31(1), 

67-77. 

*Pill, S., Hyndman, B., SueSee, B., & Williams, J. (2019). Physical education teachers’ use 

of digital game design principles. Journal of Teaching in Physical 

Education, 40(1), 1-9. Rowsell, J. (2016). What professionals can teach us about 

education: A call for change. Cambridge Journal of Education, 46(1), 81-96. 

Royalty, A. (2018). Design-based pedagogy: Investigating an emerging approach to 

teaching design to non-designers. Mechanism and Machine Theory, 125, 137-

145. 

*Sator, A. J., & Bullock, S. M. (2017). ‘Making’as a catalyst for reflective 

practice. Reflective Practice, 18(2), 244-255. 

Sawyer, R. K. (2019). The role of failure in learning how to create in art and 

design. Thinking Skills and Creativity, 33, 100527. 

*Shively, K., Stith, K., & DaVia Rubenstein, L. (2021). Ideation to implementation: A 4-

year exploration of innovating education through maker pedagogy. The Journal 

of Educational Research, 114(2), 155-170. 

*Stieben, M. E., Pressley, T. A., & Matyas, M. L. (2021). Research experiences and online 

professional development increase teachers’ preparedness and use of effective 

STEM pedagogy. Advances in Physiology Education, 45(2), 191-206. 

Thompson, B. E. (2002). Studio pedagogy for engineering design. International Journal 

of Engineering Education, 18(1), 39-49. 

Tripp, S. D. (1994). How should instructional designers be educated? Performance 

improvement. Quarterly, 7(3), 116-126.  

Van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program 

for bibliometric mapping. Scientometrics, 84(2), 523-538. 

*Vartiainen, H., Nissinen, S., Pöllänen, S., & Vanninen, P. (2018). Teachers’ insights into 

connected learning networks: Emerging activities and forms of 

participation. AERA Open, 4(3), 1-17. 

Zhou, D., Gomez, R., Wright, N., Rittenbruch, M., & Davis, J. (2020). A design-led 

conceptual framework for developing school integrated STEM programs: The 

Australian context. International Journal of Technology and Design Education, 1-

29. https://doi.org/10.1007/s10798-020-09619-5 

 

https://doi.org/10.1007/s10798-020-09619-5


 

CHAPTER 2 

Design Challenges in European Studies & Planning Design 
Process in Dokuz Eylul University 

Ayşe Büber, Kadir Demir, Yasemin Kahyaoğlu Erdoğmuş, Elif Buğra Kuzu Demir,  

Gül Ünal Çoban & Ercan Akpınar 

2.1. Introduction 

In the new vision of science education, it is important that all students are 

expected to represent “some appreciation of the beauty and wonder of 

science; possess sufficient knowledge of science and engineering to engage in 

public discussions on related issues; become careful consumers of scientific 

and technological information related to their everyday lives; can continue to 

learn about science outside school, and have the skills to enter careers of their 

choice, including (but not limited to) careers in science, engineering, and 

technology” (NRC, 2012, p. 1). This vision has inspired the use of engineering 

practices in science classrooms (Aranda, Lie & Guzey, 2020) and supports 

researchers to find ways maintaining student engagement in STEM (Science, 

Technology, Engineering, and Mathematics) with an emphasis on connecting 

core ideas, crosscutting concepts when working on engineering problems to 

create design products (Delen, Morales & Krajcik, 2020).  

According to Simon (1969), everyone has the ability to design through 

devising courses of action aimed at changing existing situations into desired 

ones. In general, these situations contain problems that must be resolved. 

Design is the process of using scientific and engineering knowledge to solve 

technological challenges and optimize solutions within a set of requirements 

and restrictions (Arastoopour Irgens et al., 2017; Vieira, Seah & Magana, 2018). 

Because engineering is the application of scientific and mathematical 

principles to real-world problems (Svarovsky & Shaffer, 2007), engineering 

design activities can provide a rich environment for students to gain 

fundamental science skills and understandings while working on projects that 

are personally significant to them (Buber & Unal Coban, 2020; Fortus, Reddy, 

& Dershimer, 2003). By integrating science and engineering practices, the 

implementation of this process contributes to the students’ understanding of 

how the design process is conducted in order to find a solution to real-life 

problems (Aranda, Lie & Guzey, 2020). At this point, the design is critical for 

successful development (Mor & Winter, 2006). As design is seen as a form of 

complex problem solving, it can be defined as a cognitive process intended to 

produce a solution to a design task (Seitama-Hakkarainen et al., 2001). 

It is important to work on design activities that allow exploration of how 

systems work and use these explorations for real-life problems, which can be 
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an excellent way to help students acquire a deeper, more systemic 

understanding of such complex domains (Hmelo, Holton & Kolodner, 2000). 

These activities are particularly well-suited for helping learners solve 

problems because of their emphasis on functional specification and their 

requirement that behavior is implemented (Hmelo, Holton & Kolodner, 2000). 

Because of their emphasis on functional definition and the necessity that 

behavior be implemented, these activities are particularly well-suited for 

assisting learners in solving difficulties (Hmelo, Holton & Kolodner, 2000). The 

cyclical problem-solving process derived from design challenges has 

influenced other contexts, such as STEM education (Marks & Chase, 2019) and 

contributed to students coming to understand how knowledge is structured 

and interwoven with purpose, function, and causal relations in this process 

(Perkins, 1986). For example, Dym & Little (2000) emphasizes the 

effectiveness of the design-build-test cycle, where designing a solution to the 

problem at hand starts with building a prototype of the proposed design, and 

then testing the prototype based on a conceptual and functional 

understanding. 

Instead of teaching each discipline separately, researchers and policymakers 

emphasize teaching STEM subjects together, resulting in engineering 

challenges becoming contexts in which students can learn about science, 

math, technology, and engineering topics (Berland & Steingut, 2016). The 

knowledge of various disciplines is taught within the context of a design that 

can solve a real-life problem, which starts by defining the design challenge 

and ends by making a design (ITEA, 1996). The design challenges have 

appeared in math and science classes in the context of a problem or project, 

as well as engineering classes that are designed to apply traditional math and 

science content (Moore et al., 2014). For example, Buber and Unal Coban 

(2020) developed an activity for pre-service science teachers (PSTs) to 

develop a volcanic eruption predictor that can detect the eruption time of the 

volcano. The PSTs used the engineering design process (EDP), which is a 

systematic, orderly, open-ended way of designing solutions to 

problems/design challenges. They considered the criteria, constraints, and 

tradeoffs to reach optimal solutions through the following common EDP steps: 

define the problem, research, imagine and produce solutions, plan, create, test 

and evaluate, redesign or improve, communicate. Three variations of this 

activity (see Figure 2.1), where different design products were developed, are 

presented in the study (Buber & Unal Coban, 2020).  
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    Design A                            Design B                                 Design C 

Figure 2.1. Volcanic Eruption Predictors of the PSTs 

In the Design A, PSTs used the pressure of gases inside the magma and 

tectonic plate movements together to make a complex predictor as a 

prototype. In the Design B, the PSTs used the degassing characteristics of 

volcanoes to make a predictor and they used this geothermal characteristic to 

produce electricity. The PSTs created a predictor based on the 

electromagnetism subject in the Design C, in which the iron powder inside the 

magma attracts an electromagnet and, as it gets heavier, the weight sensor 

transmits the data to the Arduino Uno kit and lights the different color bulbs 

based on the degree of weight. The PSTs explained the subjects which were 

used in order to develop a prototype for each design. For instance, Design C 

includes electromagnetism, lever systems, electrical circuits, the earth’s 

system subjects in science; coding knowledge for technology; scale, 

proportion, and quantity knowledge in math; and the application of scientific 

and mathematical principles to address real-life problems in engineering. 

Because the design challenge was open-ended, the PSTs were free to choose 

their variables for their prototypes, and the process was completed with 

various prototypes. NRC (2009, p.12) highlighted problems with the traditional 

‘siloed’ approach to math and science education. The'siloed' method fails to 

reflect the inherent connections between the four subjects that exist in the 

real world of research and development. As a result, integrating across STEM 

fields without engineering practices is inauthentic (Berland & Steingut, 2016). 

When different design challenges in the literature are examined, it is seen that 

there are studies that deal with different disciplines in the process of 

responding to the problem (Bos, Doorman & Piroi, 2020; Hacıoğlu & Dönmez 

Usta, 2020; Sancar-Tokmak & Dogusoy, 2020). For example, Hacolu and 

Dönmez Usta (2020) created an activity in which they integrated technology 

into STEM education and assigned a design challenge to fifth-grade students: 

"You are asked to design a fishing game using the SCRATCH program."In the 

design process, they asked different and separate questions related to STEM 

disciplines. Sample questions for each discipline are as follows: What is 

biodiversity, why is it important (from a scientific standpoint), and what do 

software engineers do? What do aquaculture engineers do? (Engineering); 
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What should be the maximum number of the selected creatures so that they 

can remain alive and the ecological balance can be maintained? 

(Mathematics): What are your variables? What are the code blocks you will use 

when identifying your variables? (Technology). Although several researchers 

stated that the process was conducted in an interdisciplinary manner, asking 

questions specific to each discipline in the process causes a lack of coherence 

in the integration of disciplines and how to make connections among 

disciplines (Delen et al., 2020). 

As it begins to experience a series of transformations, broadening its horizons 

and challenges, the design process has become an interdisciplinary domain, 

pulling different fields together and creating design research with greater 

diversity (Chou & Wong, 2015). The interdisciplinary approach has also been 

described as multidisciplinary, participatory, cross-disciplinary, 

transdisciplinary, and integrative studies in the literature (Tress et al., 2003, 

2005; Winder, 2003). The goal of interdisciplinary practices is to share 

knowledge and techniques across fields, to push forward the boundaries of 

knowledge within a specific specialization and/or the challenges that exist at 

these boundaries, to solve problems with broader, multi-dimensional concepts 

and more potential solutions, and to offer greater explanatory power with 

societal value (Chou & Wong, 2015; Cross & Cross, 2015).Delen et al. (2020) 

described the gap between little progress in scientific and engineering 

practices and experiencing these practices for K-12 education and suggested a 

model named DPCK (Design-based pedagogical content knowledge) to make 

an interdisciplinary connection, facilitate STEM learning by providing a 

framework and demonstrating sample engineering design practices that help 

to create coherent STEM environments. DCPK starts by creating design 

challenges. In this chapter, we will provide an overview of the European 

literature to examine teacher education studies. 

2.2.  Methods: Searching Design Challenges in European Studies  

In the second chapter of the project, we investigated the design studies in the 

Web of Science (WoS) database with the ‘design challenge’, ‘design product’ 

and ‘design problem’ keywords. When searching for these three search terms, 

the following inclusion criteria were used: Research had to be in English, 

indexed in "SCI-EXPANDED, SSCI, A&HCI, CPCI-S, SCPCI-SSH and ESCI", and 

categorized under "Educational Research or Education Scientific Disciplines" 

in the WoS database. As a result, we reached to 464 studies published from 

1998 to 2020. Based on the emphasis of the project, we limited our findings 

to European countries (Finland or France or Germany or Turkey or Greece or 

England or the Netherlands or Ireland or Portugal or Italy or Spain or Sweden 

or Denmark) and we only reviewed journal articles. As a final result, we 

reached to 34 studies from the WoS core collection. Two full-texts of these 

thirty-four articles could not be found. One study was conducted in South 
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Africa and another study was conducted in Saudi Arabia, so it was decided to 

remove these two articles from our list because we mainly focus on studies 

conducted in European countries. As a result, the researchers analyzed 30 

studies.  

To analyze design challenges in each study, content analysis was employed. 

Two researchers coded the design challenge, design problem, design process, 

time, research methods and research findings of each study individually. After 

the individual coding phase was completed, cross-coding was performed. At 

this stage, inter-coder reliability was calculated according to Miles and 

Huberman’s (1994) formula, and the agreement rate was 100%. In this 

chapter, we only reported the results of design challenges, and the findings of 

the design products will be presented by Eindhoven University of Technology 

in Chapter 3. 

2.3. Findings 

In this section, we will first report general characteristics and then provide in-

depth analysis of design challenges in these studies. 

2.3.1. General Characteristics 

We first analyzed the participant group in the studies. Four studies included K-

12 students, three studies worked with PSTs and in-service teachers (teacher 

education studies) and 23 of them are categorized as others (participants did 

not include K-12 students, PSTs or in-service teachers). In the other categories, 

researchers worked with engineers, engineering students, designers, textile 

students, architects. The frequency of participant group in each category is 

presented in Figure 2.2. 

 

Figure 2.2. The Participant Groups in Design Studies 

The method used in these studies showed that the most frequently used 

method is the qualitative method (f=10 studies). Five studies were conducted 
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via a quantitative method and three of the design studies were theoretical. 

Four studies were conducted as design-based research (DBR) and two studies 

were mixed method (MM). The case study method (CASE) was used in four 

studies and systematic review (SR) was used in two studies. The percentage of 

each method type is presented in Figure 2.3. 

 

Figure 2.3. The Method Used in European Design Studies 

2.3.2. Review of Design Challenges 

The main goal of design thinking is to develop individuals' engineering habits 

of mind, also known as design and problem solving skills (Katehi, Pearson, & 

Feder, 2009, p. 5). Jonassen (2011, p.6) argued that problems vary in terms of 

structuredness, context, complexity, dynamicity and domain specificity. A 

summary of this description of the characteristics of the problems is given in 

the following Table 2.1. 
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Theoretical; 
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CASE; 4; 13%
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Table 2.1. Characteristics of the Problem by Jonassen (2011) 

Characteristics Dimensions 

Structuredness: the differences among problems is the continuum 

of structuredness, between well-structured and ill-structured 

problems. 

 

Ill Structured 

to 

Well structured 

Complexity: an interaction between internal and external factors 

with how many components are represented implicitly or explicitly 

in the problem, how those components interact, and how 

consistently they behave.  

Complex 

to  

Simple 

Dynamicity: the relationships among variables or factors change 

over time. 

Dynamic 

to  

Static 

Among the characteristics listed in the preceding table, context and domain 

describe the context in which the problem occurs and is resolved. Practically, 

the types of problems Jonassen summarizes the positions of the problems, as 

well as the other distinguishing characteristics, in Figure 2.4 (Jonassen, 2011, 

p.12). 

 

Figure 2.4. The Typology of Problems (Jonassen, 2011) 
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As presented in Figure 2.4, design problems are categorized as static, simple, 

complex and dynamic. According to Jonassen (2011), a successful design must 

meet the restrictions imposed by the context, which arise during the design 

process. Designers deal with these limits by making a series of choices. In the 

design process, "the challenge" refers to the fact that students are being 

required to tackle an unsolved problem in the human-made world. The 

challenge is focused on solving the problem rather than competing with other 

students. Chandrasekaran (1989) defined design problems in different groups. 

For example, Class-1 design problems are open-ended, creative activities with 

unclear aims and no good design plans laying out the steps to create a design 

model. Class-1 problems are not well-structured and they require creativity. 

Class-2 problems use existing plans that are already in place. Class-3 

problems are standardized and the steps to follow in an event of failure is 

clear. Class-4 problems are similar to Class-3 problems, and they mainly differ 

in terms of complexity. Based on these different problems, we classfied design 

problems under four different categories and presented them in Table 2.2. 

Class-4 problems are similar to Class-3 problems, and they mainly differ in 

terms of complexity. 

Table 2.2. The Classification of Design Challenges 

Classes Characteristics 

Class 1 Ill structured, Complex, Dynamic 

Class 2 

Ill structured, Simple, Static 

Ill structured, Simple, Dynamic 

Ill structured, Complex, Static 

Class 3 
Well structured, Complex, Dynamic 

Well structured, Complex, Static 

Class 4 Well structured, Simple, Static 

Moving from this point of view, we considered the design challenges regarding 

structuredness (well or ill structured), complexity (complex or simple) and 

dynamicity (static or dynamic) as well as describing their classes in Table 2.3. 
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Table 2.3. The Analysis of European Studies in Terms of Design Challenge/Problem Characteristics 

Class 
Participant 

Group 
Authors Country 

Participant 

Group 
Design Challenge/Problem Structure Complexity Dynamicity 

Class 

1 

(f=12) 

Pre- &  

In-service 

Education 

(f=1) 

Sancar-

Tokmak & 

Dogusoy 

(2020) 

Turkey 
Undergraduate 

students  

The high drop-out rate 

problem in a Distance 

Education center 

Ill-structured Complex Dynamic 

K-12 

Studies 

(f=3) 

Bos et al. 

(2020) 

The 

Netherlands 

Upper 

secondary 

students 

You do have a number to 

descripe the slope of a line, 

but do not yet have a method 

to quantify the slope of the 

curve 

Ill-structured Complex Dynamic 

Hacıoğlu & 

Dönmez Usta 

(2020) 

Turkey 
Fifth grade 

students 
Let's design a fishing game Ill-structured Complex Dynamic 

Leinonen & 

Durall (2014) 

Finland and 

USA 

students (not 

mentioned 

field or level 

How do my eyes know to cry 

when I am sad?  
Ill-structured Complex Dynamic 

Others (f=8) 

Pasandín & 

Pérez (2020) 
Spain 

MSc Civil 

Engineering 
Design an airport runway Ill-structured Complex Dynamic 

Alpak et al. Turkey 
Landscape 

Architecture 
Create successful open spaces Ill-structured Complex Dynamic 
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(2018) students with the high level of use 

Bourgeois-

Bougrine et 

al. (2017) 

France 

Postgraduate 

engineering 

students 

Produce six different layouts 

for a functional kitchen located 

in a campervan. 

Ill-structured Complex Dynamic 

Demir et al. 

(2017) 
Turkey None 

Design problem involves 

determing the pipe diameters, 

selecting a suitable pump for 

the system, and dimensioning 

the water tank for sustaining 

the operating pressures at 

nearby constant levels. 

Ill-structured Complex Dynamic 

Duzenli et al. 

(2017) 
Turkey 

Landscape 

Architecture 

students 

Design unique seating 

equipment. 
Ill-structured Complex Dynamic 

Wärnestål 

(2016) 

  

Sweden 

3rd year 

design-

oriented 

undergraduate 

Informatics 

program 

students 

1. Design and build a standard 

website for a desktop or laptop 

screen. 

2. Design a digital service for a 

mobile context and user group 

based on game mechanics. 

3. Design a service that will 

help users improve their health 

in some way. 

4. Design a set of services that 

addresses ecological, 

Ill-structured Complex Dynamic 
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economic, and/or social 

sustainability from a user, 

organization, or socio-eital 

perspective. 

Winkelmann 

& Hacker 

(2011) 

Germany 

174 advanced 

engineering 

students 

Task Windfall Collector 

Collecting windfall from fruit 

trees is an exhausting and 

time-consuming task. If the 

pieces of fruit remain laying on 

the soil for a longer period of 

time, unpleasant odour and 

dangerous situations may 

occur. Your task is to design a 

machine that collects the fruit 

easily and swiftly. The fruits 

should remain usable as much 

as possible. The machine is to 

be designed for use in small 

businesses, e.g. small orchards. 

List all requirements that 

should be taken into 

consideration for the design 

(please use backside as well). 

Ill-structured Complex Dynamic 

Hill et al. 

(1998) 
UK 

Undergraduate 

engineers 
Routine course requirement Ill-structured Complex dynamic 
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Class 

2 

(f=5) 

Others  

(f=5) 

Özkan Yazgan 

& Akalın 

(2019) 

Students 

are from 

Turkey, and 

the study is 

about their 

design 

activity in 

Milan 

Fourth-year 

architect 

design 

students 

Design a performance center, 

for any kind of activity that 

impressed them and to also 

provide for something lacking 

in the city. 

Ill-structured Complex Static 

Marques 

(2017) 
Portugal 

Engineering 

students 

Design a device (by hands) to 

produce orange juice and fresh 

oranges. 

Ill-structured Complex Static 

Rueda & 

Gilchrist 

(2011) 

Ireland 

260 First Year 

engineering 

students 

Course Assignment: Pasta 

Bridge Design Challenge 
Ill-structured Simple Static 

Seitamaa-

Hakkarainen 

et al. (2001) 

Finland 

1st year textile 

students 

  

Design and produce 

functionally and aesthetically 

delightful 

Clothes for prematurely born 

babies. 

Ill-structured Complex static 

De Vries & De 

Jong (1999) 
France 

Undergraduate 

students 

The design of a playground 

near a school in a park 

according to the "integrated 

network, abstraction hierarchy, 

and cross-referenced 

Ill-structured Simple dynamic 
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abstraction hierarchy" criteria 

given. 

Class 

3 

(f=6) 

  

Others 

(f=6) 

Santolaya et 

al. (2018) 
Spain 

2nd year 

Industrial 

Engineering 

students 

1. Design a brake handle that 

can be palced in the suitable 

angle with respect to the 

handler so the rider can 

comfortably operate it. 

 

Well-structured Complex Dynamic 

Esparragoza 

et al. (2015) 

  

Chile (34), 

Colombia 

(3), Ecuador 

(28), 

Honduras 

(6), 

Italy (5) and 

USA (24) 

First and 

second 

 year 

engineering 

students (100 

students) 

The instructions given to the 

students also included clearly 

stated descriptions of project 

goals and deliverables as these 

are recognized to moderate 

differences in culture with 

regards to perceptions of time, 

conflict and risk management 

(op. cit). 

Well-structured Complex Dynamic 

Erkan Yazici 

(2013) 
Turkey 

20 freshman 

students  

Students were asked to create 

the relationship patterns of the 

spaces belonging to their 

homes, which is the 

environment they most 

frequently experience 

Well-structured Complex Dynamic 

Winkelmann Germany Undergradute All participants were asked to Well-structured Complex Dynamic 
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& Hacker 

(2010) 

students and 

designers  

design and deliver a 

conceptual manual sketch of a 

barbecue grill with specific 

features.  

Montero & 

Gonzalez 

(2009) 

Spain 
Undergradute 

students 

An applied case of heat 

transfer in an air-cooled 

microprocessor was posed, 

which included series-parallel 

configurations with conductive 

and convective thermal 

resistances. 

Well-structured Complex Dynamic 

Karampiperis 

& Sampson 

(2005) 

Greece  

The paper addresses the 

design problem of the 

Adaptation Model in adaptive 

educational hypermedia 

systems. 

Well-structured Complex Dynamic 

Not 

Clear 

(f=7) 

Pre- & In-

service 

Education 

(f=2) 

Laurillard et 

al. (2018) 
UK K-12 teachers 

Develop a digital design tool to 

support "teachers as 

designers" 

      

Mor & 

Winters 

(2007) 

UK 

This paper 

discusses 

design 

approaches for 

learning 

technologies 

No challenge       
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that draws 

upon Simon’s 

seminal 

proposition of 

design science 

and reviews 

the application 

of design 

experiments 

and design 

patterns. 

K-12 

Studies 

(f=1) 

Gleeson 

(2013) 
Ireland 

no focused 

group 
No challenge       

Others  

(f=4) 

Bolanakis, 

Glavas, & 

Evangelakis 

(2007) 

Greece 

47 

undergraduate 

students  

This paper presents a 

computer architecture 

laboratory course based on 

microcontroller tutoring 

      

Puente et al. 

(2014) 

The 

Netherlands 

Teachers at the 

mechanical 

and electrical 

engineering 

departments.  

No challenge       
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Spendlove & 

Hopper 

(2006) 

UK 
Trainee 

teachers 

No challenge - the use of an 

electronic portfolio as a 

vehicle for tracing the changes 

in terms of pedagogy, student 

outcomes, and in aiding 

assessment processes. 

      

Vleuten & 

Schuwirth, 

2005 

Netherlands 

This paper 

discusses how 

to improve the 

assessment as 

an 

instructional 

design 

No challenge       
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To summarize, 23 of the 30 original articles contained clearly stated design 

challenges. Twelve of these challenges are classified as class-1, five as class-2, 

and six as class-3. In the remaining seven articles, the design challenges were 

not stated clearly or their content was not described. While three of the four 

studies involving K-12 students were classified as class-1, the design concern 

for one of them was not articulated properly. One of the three teacher 

education studies is classified as class-1, and the design flaw in one of these 

studies was not described explicitly. Participants in 16 studies categorized as 

others (undergraduate and graduate engineering, architecture, and design 

students). Eight of these studies are classified as class-1, five as class-2, and 

six as class-3. A visual representation of the characteristics of design 

challenges is given in Figure 2.5. 

 

Figure 2.5. Visual Resresentation of the Design Problem/Challenge Characteristics 

In the following section, these examples from the original studies and two 

examples from Dokuz Eylul University are used to expand on the idea of this 

classification between different design challenges. 

2.3.3. Examples from European Literature by Participant Groups 

Three examples from European literature will be provided in this section, one 

for each participant group, followed by two examples from Dokuz Eylul 

University. 
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2.3.3.1. K-12 Example 

Hacıoğlu & Dönmez Usta (2020) conducted a study with 20 fifth grade 

students. The design challenge in the study is to design a fishing game by 

using the SCRATCH program. In this game, players assume the role of 

fishermen. In the game, fishermen are supposed to earn scores by catching sea 

creatures. Fishermen must be concerned about biodiversity preservation while 

catching sea creatures. The students completed the challenge in eight lessons 

by following the stages of the engineering design process. This study's design 

output is a coding-based digital game. The researchers defined the learning 

dimensions in this study as: biodiversity, natural life, endangered organisms, 

habitat, the ecosystem in science; data collection and evaluation, creating 

questions that require data collection, collecting and interpreting data related 

to the research question (modeling) in mathematics; problem-solving concepts 

and approaches in technology and, lastly, applying the engineering design 

process, offering solutions to the problems of daily life, determining the best 

solution with alternative solutions, evaluating them by collecting various data 

for solutions in engineering. 

2.3.3.2. Teacher Education Example 

In the Instructional Technology Department, Sancar-Tokmak and Dogusoy 

(2020) studied 21 PSTs. They presented the design challenge as: "You are 

working as a distance education specialist in an educational institution. The 

success of the distance education program was lower than expected and the 

dropout rate in the program was about 60%. The manager asked for a report 

including the reasons for the high drop-out rate problem as well as potential 

solutions" (p.5). You are responsible for developing/applying an instructional 

design model that will include possible solutions. The students used two 

different design models to solve real-world problems in their studies. One of 

them was the ADDIE (Analysis-Design-Development-Implementation-

Evaluation) model and the other was the ARCS (Attention-Relevance-

Confidence-Satisfaction). In nine weeks, the students finished their studies. 

The design product is an instructional design model created by using Second 

Life (a popular, socially-focused, general-purpose virtual world). 

2.3.3.3.  Example from Higher Education 

Pasandin & Perez (2020) conducted a study with 14 first year graduate 

students in the Civil Engineering program. The design challenge was presented 

with the following criteria (p.11): “classification of the aerodrome, minimum 

runway width, runway orientation and runway length”. The students completed 

the design in a nine-hour theoretical‐practical workshop. In the process, they 

used a problem-based learning methodology. They designed an airport 

runway. The students gained technical knowledge of the software and learned 

about aviation history, aircraft parts, runway configuration, and the basic 
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concepts related to other parts of the airfield (e.g. aprons and taxiways). In this 

study, students also improved their problem-solving abilities and academic 

performance. 

2.4. Using Design Challenges in Dokuz Eylul University Teacher Education 

Program 

In this section, we will present some design study examples from Dokuz Eylul 

University - ICT (Information and Communication Technology) Department. 

2.4.1. Example 1  

ICT teacher candidates were tasked with designing and developing an arduino-

based algorithm education set for preschool education. The main purpose of 

this challenge is to improve the algorithm skills of preschool students. This 

design challenge is categorized as Class-4 (see Table 2.2). Since it aims to help 

PSTs experience the design process at the novice level. The ICT teacher 

candidates completed this design challenge in 12 weeks. A design-based 

research method was used in the study. The training set developed in this 

context was shown to four field experts, including a preschool specialist, an 

instructional technology specialist, a psychological guidance specialist, and a 

preschool teacher, and their opinions were received. The training set was 

revised based on these suggestions. The design products are three-wheeled 

devices known as Algo-Bots, and the mats in various themes are designed at a 

1 square meter (5x5 square) size. All of this process is also presented in a 

teacher’s handbook (seen in Figure 2.6). 

 

Figure 2.6. A Three-Wheeled Device ‘Algo-Bot’ and Game Board 

2.4.2. Example 2  

The ICT teacher candidates were asked to design and develop a 3D tactile 

book for visually impaired students. This example presents another design 

challenge classified as Class-2 (Ill-structured, Simple, Dynamic). The challenge 

was chosen as a real-life situation and the students had a chance to explore 

various dimensions of the problem during the design process by answering 

these dimensions through data collection from experts and teachers working 
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in special education. The students also had the opportunity to use different 

materials (e.g. 3D printers, 2D relief, felting) and enhance the product with 

multi-media tools (visual, audio-visual, braille text) in the design process. They 

completed the challenge in 12 months. "What should the design principles of 

a 3D tactile book for 4th grade visually impaired students be?" was their main 

question. They created 4 storyboards for 3D tactile books, 46 CADs (computer-

aided design) of scenes, objects, and characters to be used in the 3D tactile 

book, a website with CADss (3b.dokunsalkitap.com) as digital products and 3D 

print-outs of scenes, objects, and characters, and a teacher's handbook as a 

physical product (see Figure 2.7).It is aimed at 4th grade students gaining 

conceptual, spatial and text comprehension skills by using 3D tactile books.  

 

Figure 2.7. 3D Tactile Books and the Website  
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2.4.3. Wind Turbine Activity  

The following design activity proposed by Dokuz Eylul University, whose 

stages are given below, has been prepared based on the design-based 

pedagogy approach. This activity presents how critical thinking is 

implemented in a new design challenge. The design process is representd as a 

cycle by using the engineering design process (EDP, see Figure 2.8) as a 

systematic, orderly, open-ended way of approaching problems and designing 

solutions to real-life problems (Jolly, 2016). When completing the design 

challenge, students consider the criteria, constraints, and trade-offs to reach 

optimal solutions through the following common EDP steps: define the 

problem, research, imagine, plan, create, test and evaluate, redesign, 

communicate. 

 

Figure 2.8. Engineering Design Process (Jolly, 2016) 

The following activity is inspired by a real-life problem. We came across a man 

(We call him Mr. X) who used his knowledge and experience to solve the 

problem he encountered in his real life in the news (Söylemez, 2021). After 

living abroad for many years, Mr. X returned to his country and started living in 

his own village. Mr. X, who had frequent power outages in his village, was 
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about to send an important e-mail and the power went out and he couldn’t 

send his e-mail. To solve this problem, he started to generate electricity with a 

wind turbine he made with materials such as a basin, an armchair and a snow 

shovel. Generating electricity from a wind panel made with waste materials 

such as a basin, an armchair and a snow shovel, Mr. X generated the 4-hour 

energy requirement of his house with the battery in which he stored the 

electricity. Based on this news, we have developed a wind turbine activity with 

different constraints. There are eight sections of the activity in accordance 

with the stages of the engineering design process (see Figure 2.8). In section 1, 

there are questions about defining real-life problems, such as: “What is the 

problem situation you will work on?”, “Define your problem situation”, “What 

are your design constraints”, and “Which parameters you believe will be 

effective for an environmentally friendly wind türbine”. In addition, there are 

teacher-guided questions in each section to promote and assess the critical 

thinking skills of the teacher candidates. In this activity, problem-solving and 

critical thinking skills are used alongside scientific process skills, and teacher 

candidates should synthesize and evaluate information to solve problems and 

make decisions (think), rather than simply repeating (memorizing) information. 

These questions require teacher candidates to think about themselves and 

support improving the process by using higher-order thinking skills. When 

applying this design activity, critical thinking will become an outcome. In 

addition, different types of questions such as "What type of evidence do you 

have for working on these parameters?", "How do you evaluate the reliability 

of the sources you research?" and "Which criteria will you use to test and 

evaluate?" are asked in this worksheet to relate critical thinking skills to 

content and promote the critical thinking. As a result, this application has the 

potential to support enhanced critical thinking. This design challenge example 

is classified as Class-1 (ill-structured, dynamic and complex). A detailed 

definition is given below. 

Learning Goals & Planning Design 

 To be able to define the problems in real life which have been 

prepared based on design-based pedagogy, 

 To be able to solve the problem in accordance with the stages of the 

engineering design process, 

 To be able to use critical thinking skills when solving the problem. 

Design-Based Pedagogy Approach 

It is a problem-solving process in which engineering design processes and 

critical thinking are used together by using the Problem Based Learning with 

Design-Based Pedagogy approach to solve this problem based on a real-life 

problem. The student is expected to be active, from identifying the problem to 

the product development process for solving the problem. 
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Type of Task 

Real-life problem scenarios that are needed locally are given to the students. 

Tasks are created in appropriate contexts by making selections from topics 

related to sustainable energy, the environment, information and 

communication technologies and similar priority areas. The teacher training is 

organized within the scope of The Scientific and Technological Research 

Council of Turkey (TÜBİTAK) Science and Society programs Innovative 

Educational Practices. In addition, Ministry of National Education of Turkey 

(MoNE) aspires to equip teachers with holistic, research-based, and innovative 

skills for the twenty-first century. In this context, it is expected that the 

application will help in the training of teachers with these skills. Teacher 

candidates will have an important role in educating students in accordance 

with the objectives of the Ministry of National Education of Turkey. 

Duration 

The design project lasts 6 to 8 weeks (4 hours in the classroom, 4 hours out of 

the classroom) from kick-off to the final presentation of the design products. 

Multiple perspectives (MP) 

To be able to design an effective educational product, it is important that 

students interact with experts in the field. In this process, teachers can support 

students in reaching out to various stakeholders. Furthermore, students can 

work in teams and share their ideas. 

Critical Voice (CV) 

Team members come together and have discussions on the topic in order to 

encourage reflection and a critical voice in the Teaching Practice course. They 

can also receive counseling from an experienced teacher at school. The 

academician at the university guides the process. In design-based pedagogy, 

students, teachers and academicians come together periodically to form a 

strong communication network. Students share tasks among themselves. It 

comes together at certain periods to discuss the process and make new 

decisions. 

Evidence-Based Reasoning and Interdisciplinary Thinking 

In this course, there are eight sections of activities in accordance with the 

stages of the engineering design process. Beginning with the first stage, this 

process can be summarized as follows: There are questions about defining 

real-life problems, such as: What is the problem situation on which you will 

work?, How do you define your problem situation? In addition, there are 

teacher-guided questions in each section to promote and assess the critical 

thinking skills of the teacher candidates. In this way, during the problem-
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solving phase, critical thinking skills are used alongside scientific process 

skills, and teacher candidates should synthesize and evaluate information to 

solve problems and make decisions (think), rather than simply repeating 

(memorizing) information. These questions require teacher candidates to think 

about themselves and support improving the process by using higher-order 

thinking skills. In this activity, critical thinking (CT) has become a product. In 

addition, different types of questions, such as "What type of evidence do you 

have for working on these parameters?" and "How do you evaluate the 

reliability of the sources you research?" are asked in this worksheet to relate 

critical thinking skills to the content and promote the CT. As a result, this 

application has the potential to support enhanced critical thinking and show 

how design-based pedagogy can be integrated into schools. 

Students’ role 

Students complete a collaborative design process and work as a team.  

Teacher role 

Teachers work as a mentor and serve as a coach triggering critical thinking. 

Academician role 

Academics work collaboratively with teachers and students. 

Assessment process 

The evaluation procedure consists of the following steps: 

 Peer assessment 

 Design product evaluation 

 Teachers’ assessment 

 Academicians’ assessment with rubrics and alternative assessment 

tools 

In section 2, the PSTs research the given problem by using various resources 

(books, journals, articles, the internet) and explain how these parameters have 

a role in environmentally friendly wind turbines based on their research. They 

will offer solutions to some real-life problems in the following section 3. The 

PSTs plan their design by drawing or simulating in section 4. In section 5, they 

are going to decide on one of the choices offered in the previous sections and 

create their prototypes. They are going to test and evaluate their prototype in 

section 6. If modification is required, they will modify it and, if it is not 

required, they are going to improve their design by integrating technology or 

making it work without any problem in section 7. Finally, they are going to 

present their studies, introduce their prototypes and the stages of 

development, and evaluate their own performance and others’ prototypes. 
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2.5. Conclusion 

The review conducted in the first section of this chapter underlined the scarcity of 

Class-1 and Class-2 examples in teacher education. In fact, PSTs first engaged with 

Class-4 examples at Dokuz Eylul University. It is important to present design 

challenges that would help PST with critical interdisciplinary thinking in design-

based pedagogy. The example included in this chapter (Wind Turbine Activity) was 

created with this mindset. Understanding the design-based pedagogy in a teacher 

education setting and how PSTs’ practices translate into their implementation in 

school settings will be the primary target of the project and it will help to achieve 

the 2023 Education Vision Report published by the Turkish Ministry of National 

Education (2018). The 2023 vision aims to build "Design Studios" in every school 

to provide students with practice-based skills at all levels, from primary school to 

high school. It is thought that the studies to be carried out in these design studios 

will contribute to students' innovation, creativity, critical thinking, and problem 

solving and entrepreneurship skills. It is a necessity to train PSTs who are 

competent enough to work in these design studios. The activity proposed in this 

chapter is designed with the design-based pedagogy approach, which is suitable 

for design studios. Our goal is to help PSTs supporting design aligned with critical 

thinking framework presented in Chapter 4. 

Environmentally Friendly Wind Turbine  

 

A homeowner wants to use a wind turbine to supply electricity for their home, but no 

hills are near the house. Where could an engineer place a wind turbine?  
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Section 1: What is the problem situation? 

Teacher Guiding Questions  

(At the beginning of the activity) 

1-Have you ever seen a wind turbine? Do you know how they work?   

  

2-Do you believe it is possible to build a wind turbine somewhere other than on a hill? 

How do you construct it?  

 

Define your problem situation:  

  

3-What is the problem at hand? What can you do in this situation?  

  

4-What are the goals and objectives?  

 

What are your design constraints?  

5-Where should you start first?  

6-Name at least two constraints for your design. Explain in what ways these constraints 

affect your design.  

Which parameters do you think will be effective for an environmentally friendly wind 

turbine?  

7-Describe the characteristics of a wind turbine that make it environmentally friendly? 

How do you decide on these characteristics? 

8-Can we locate it anywhere? 

9-Can we break the problem into parts?  
 

Section 2. Research your problem by using various resources (books, journals, articles, 

the Internet) and explain how these parameters have a role in environmentally friendly 

wind turbines based on your research.  

(When necessary:)  

10-What do you need in order to offer a solution to this real-life problem?  

11-a-Any similar circumstances from the past that we can build on? 

11-b-What questions would you ask people in this local area using a similar design? 

How do you use the data for your design?  

12-What are the internal and external factors that will affect this need?  
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13-How do you decide on these parameters below? What effect do they have on the 

wind turbines? 

14-What evidence do you have that you are working on these parameters? 

15-How do you evaluate the reliability of the sources you have researched?  

 

Parameters  Their roles  

1. Turbine height (e.g.)    

2.    

3.    

4.    

  

Section 3 offers solutions to this problem. (These solutions may vary depending on 

your research and imagination. Please keep in mind the parameters that provide 

effective solutions.) 

16-How did you arrive at these solutions? Explain your reasoning.  

17-What are your assumptions about each design?  

18-Which design is more appropriate for problem situations? Explain how do you make 

your choice of design?  

19-If you want to design a wind turbine, how do you combine real-life wind turbines? 

20-How did you choose these characteristics? 

21-Explain how you came up with these solutions. 

22-Which one would you start to design first? Explain your reasons (or why).  

 

What questions would you ask if you needed help from an expert in this field? 

  

Section 4.a Choose at least two designs that you believe would work best from the 

solution ideas you have made, and develop a strategy to implement them.  

23-Is there anything else you need?  

24-What details are you looking for?  

25-Do you need any additional materials or information? 
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Section 4.b. Draw your design ideas based on your plan. 

1st design: …….  

  

  

  

  

  

2nd design: ……….  

Section 5. Decide on which design works better. Then, create your prototype in 

accordance with your design. (You can modify your plan during this process; please 

report and share the modifications).  

26-What criteria do you use before deciding which design is better? 

27-Do you need to build it or can you simulate it?  

27a-If you decide to simulate:  

On which platform will you be simulating? Why did you choose this platform?  

27b-If you decide to build:  

28- What materials, skills & tools do you need to create the prototype? 

29-Which is the most important among these tools? Why?  

30-Can you explain the stages of the prototype?  

31-Describe the media you construct your prototype (3D, drawing, etc)  

  

  

Section 6. Please test your prototype and evaluate whether it meets your original 

objective. (Please keep a record of and share all the changes you make.)  

  

Modification is required:  

  

What modifications should be made? In 

which sections do you need to make 

modifications? Why are 

these modifications necessary?  

  

How are you going to modify it?   

If there are no modifications required:  

  

 

Why do you think your prototype 

functions well/works properly? 

 



 DESIGN BASED PEDAGOGY BOOK / 47 

 

32-What were your criteria for modifications?  

  

33-At what point do you consider yourself successful? Why?  

  

Section 7. Create a list of the changes you plan to make to your prototype based on the 

responses you provided in Section 6, draw a new version of your prototype and then 

improve your prototype based on these modifications.  

34-How can you make this product better in the future? 

35-What technological skills do you think you need to develop or create a more 

advanced product in the future?  

  

Modification list  

  

  

  

  

  

Draw new version of your prototype.  

  

  

 

Improve your prototype and explain the changes you make in this process.  

36-What would you like to change if you had a second chance to complete this design 

challenge again? 

37-Learning what kind of technological knowledge and skills can help you to improve 

your design?  

  

Section 8. After you've completed your prototype, prepare a presentation/portfolio 

outlining your process from start to the end and share it with other people working on 

the same topic.  

38-If you were to come up with an algorithm for designing wind turbines, what kind of 

algorithm would work?  

39-What have you learned from others’ designs developed for the same challenge? 

Which field-specific/technological/soft (e.g. self-regulation, open-mindness, 

perseverance) skills have you improved?  
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3.1.  Introduction  

In some European countries, "science education begins as an integrated 

subject area that is intended to foster children's curiosity about their 

environment, providing them with basic knowledge about the world and giving 

them the tools with which they can investigate further" to increase students' 

motivation to study science (European Commission, 2011, p. 60). For example, 

in primary and lower secondary education science classes, teaching is often 

organized into broad integrated themes, "Living things respond to the 

environment" (Belgium -German-speaking Community), "Diversity of living 

beings" (Spain) or "Life and living beings" (Turkey) (Science Education in 

Europe: National Policies, Practices, and Research, 2011, p. 60). 

According to the Framework for K-12 Science Education (NRC, 2012), a vision 

of what science and engineering learning should look like at the K-12 level 

was presented as the integration of three dimensions of scientific knowledge: 

science and engineering practices, disciplinary core ideas, and crosscutting 

concepts. However, making connections or coherence between disciplines is 

often not easy for teachers in practice, especially when teachers are educated 

as subject teachers in the teacher education programs instead of teaching 

subjects in an integrative way. To bridge and connect three dimensions of 

scientific knowledge with pedagogy, Delen et al. (2020) proposed a new 

pedagogical framework for pre-service teachers, called Design-based 

Pedagogical Content Knowledge (DPCK). "The DPCK places design products at 

the center of the learning environments as a way to connect PCK and teacher 

practices in an integrated way" (Delen et al., 2020, p. 4). In the context of the 

DPCK, the design products not only refer to the final outcomes of the design 

process (often defined in Engineering Education) but also refer to the creation 

of the learning environment around the design products that enables 

interdisciplinary learning. By creating design products, students can deepen 

interdisciplinary knowledge, enhance a sense of ownership and efficacy, and 

demonstrate explicitly what they have learned through the whole design 

process (Fortus & Krajicik, 2015; Krajcik & Delen, 2017). For example, there is 

a craft course on "smart textiles" in Finland's pre-service primary teacher 

education program. The craft course is designed to familiarize student 

teachers with many aspects of crafts (textile, design, and technology), inquiry-
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based design, and an interdisciplinary teaching style that may be employed in a 

primary school setting (Karppinen et al., 2019). Students working in teams need 

to integrate crafts, physics, drama, and ICT (information communication 

technology) to complete the design task. A headgear with Bluetooth earphones, 

a child's belt with a signal to move after a lengthy period of immobility and a 

sports shirt with a heart-rate monitor were among the designs made by students. 

"By completing such an interdisciplinary design task, student teachers 

developed a new way to think and organize interdisciplinary teaching, positively 

changed their attitudes towards interdisciplinary teaching; and discovered new 

ideas and found the courage to implement the teaching of cross-over 

disciplines" (Karppinen et al., 2019, p.69). In the literature search, we looked at 

how design challenges and products have been used in the educational field, 

based on the importance of engineering design as a way to integrate STEM for K-

12 and pre-service teachers. 

3.2.  Methods: Searching Design Products in European Studies 

We searched Web of Science for the keywords "design challenge OR design 

product OR design problem," refined by Educational Research or educational, 

scientific disciplines, and refined by selecting European countries, yielding 34 

articles. Unfortunately, two full-texts of these thirty-four articles could not be 

found. One study was conducted in South Africa, and another study was 

conducted in Saudi Arabia, so it was decided to remove these two articles from 

our list because we mainly focus on studies conducted in European countries. 

In total, our review database included 30 full-texts of articles. These 30 

articles have been reviewed by researchers from the Technology University of 

Eindhoven (TU/e), the Netherlands, and Usak University, Turkey together. 

While reading the full texts of the articles, we particularly extracted five 

important data sources in an Excel table, including "country, participant group, 

design challenge, design product, and design process". The report of the 

review results was divided into two sections: the first section of the design 

challenge was presented by Dokuz Eylul University in Chapter 2, and the 

second section of the literature review emphasized the design products is 

presented by TU/e. 

3.3.  Findings: Examples from European Literature  

In our search (N = 30), there were 26 design products presented in these 

original articles. To provide an overview of what these 26 design products look 

like, we categorized them into six types of design products based on the final 

appearance of the design products. These six types of design products consist 

of design report, physical artifact, model building, schematic design, digital 

design, and a final category called "other", which means we could not combine 

them into the other five types of design products. Table 3.1 presents an 

overview of the design products from the reviewed articles. 
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Table 3.1. An Overview of Design Products (DP) From the Review Articles 

Type of Design 

Products (DP) 
Names of DP From Articles  

Time to Complete 

DP 
Interdisciplinarity Study Area/Course Study  

Design report  

(N=8) 

A conceptual design report  8 weeks 

Yes 

(Engineering students 

from different fields) 

Engineering  
Esparragoza et 

al. (2015) 

An array of straight rectangular fins of 

the uniform cross-section for the 

rectifier diode heat dissipation. (Team 

report) 

7 weeks 

 

No 

 

Electronic 

Engineering 

Montero & 

Gonzalez (2009) 

An alternative sequencing method  Not mentioned Not mentioned E-learning 
Karampiperis & 

Sampson (2005) 

A performance design report 
14 weeks  

 
No Architecture  

Özkan Yazgan & 

Akalın (2019) 

Conceptual design: 

A hydraulic front brake handle for 

motorcycles  

 

One semester 

Yes 

(Different subjects that 

belong to different areas 

of knowledge are 

involved) 

Industrial 

Engineering 

Santolaya et al. 

(2018) 

Windfall collector design report 45 minutes No Engineering 
Winkelmann & 

Hacker (2011) 

A report analyzing high drop-out rate 

problems in distance education 

centers and developing an 

9 weeks No Instructional design 

Sancar-Tokmak 

& Dogusoy 

(2020) 



56/DESIGN BASED PEDAGOGY BOOK 

instructional model including possible 

solutions. 

Design of child play areas  75 minutes No Architecture  
De Vries & De 

Jong (1999) 

Physical artifact  

(N=1) 
Clothing for prematurely born babies 15 weeks 

No 

 
Textile Science 

Seitamaa-

Hakkarainen et 

al. (2001) 

Model building  

(N=5) 

A pasta bridge Not mentioned Not mentioned Engineering 
Rueda & 

Gilchrist (2011) 

Scale models at 1/20th the size of 

seating units 
6 weeks  No Architecture  

Duzenli et al. 

(2017) 

Constructing a simulation environment 

to test the model without the system 
Not mentioned Not mentioned 

Mechanical 

Engineering & 

Electrical 

Engineering  

Puente et al. 

(2014) 

Schematic diagrams, sketches, and 

physical models (design projects) of 

Landscape architects design the 

environment (Ali Özbilen Residence) 

16 weeks  No  
Landscape 

architecture  

Alpak et al. 

(2018) 

Assembling a set of spaces coded with 

letters according to a set of rules; 

assembling a house where the spaces 

were now named after rooms in a 

typical home 

Not mentioned Not mentioned Architecture  
Erkan Yazici 

(2013) 
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Schematic design  

(N=6) 

Airport runway design 9 hours No Civil Engineering 
Pasandín & 

Pérez (2020) 

Layouts for a functional kitchen 

located in a campervan 
8 weeks  No Engineering  

Bourgeois-

Bougrine et al. 

(2017) 

Water distribution network design Not mentioned Not mentioned 
Environmental 

Engineering  

Demir et al. 

(2017) 

Manual sketch of a barbecue grill 

Not limited in 

hours and 2 hours 

on average 

Not mentioned Engineering 
Winkelmann & 

Hacker (2010) 

Sketch design of orange squeezer by 

hands 
1 hour No Engineering  

Carmona 

Marques (2017) 

An adjustable wheel mount for wind 

tunnel 
3 weeks  No  Engineering  Hill et al. (1998) 

Digital design  

(N=5) 

A digital game design 
8 lessons (8x40 

minutes) 

Yes  

(Science, Technology, 

Engineering, & 

Mathematics) 

K-12 

Hacıoğlu & 

Dönmez Usta 

(2020) 

An online tool that could support the 

co-construction of community 

knowledge about learning design. 

Not mentioned No K-12  
Laurillard et al. 

(2018) 

A “stand-alone” website; 

a game on a well-known smartphone 

or tablet target platform; 

anything from wearable or mobile 

5 weeks  No 

Design-oriented 

undergraduate 

Informatics program 

Wärnestål 

(2016) 
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health monitor technology, a social 

media website designed to improve 

social and mental health, to novel IT 

enhancements for medical 

professionals; 

a complex ecosystem of services, 

possibly on several platforms, with 

effects that need to be strategic and 

long-term. 

 

 

 

Two online CSCL tools:  

the fourth version of the Future 

Learning Environment (Fle4), a web-

based software program for 

collaborative knowledge building; 

Square1, a collection of learning 

devices designed for collaborative 

learning at school 

Not mentioned Not mentioned K-12 
Leinonen & 

Gazulla (2014) 

Electronic portfolio Not mentioned Not mentioned Teacher education  
Spendlove & 

Hopper (2006) 

Other  

(N=1) 
Math problem (slope of curve) solution  23 to 50 minutes No K-12  Bos et al. (2020) 
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A visual representation of the design products is given below (Figure 3.1).  

 

Figure 3.1. Visual Representation of the Design Products 
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In the following section, examples from original studies are used to illustrate 

these six different types of design products.  

3.3.1. Type 1 - Design Report 

A design report refers to the final presentation of the design products in the 

form of a written report, such as a design proposal and a solution report. Eight 

studies were found that represent this type of design product. For example, 

engineering students from different nationalities work as a team across eight 

weeks to produce a conceptual design report as a group deliverable 

(Esparragoza et al., 2015). In the design report, students need to write about 

developing a machine to produce and pack tropical dried fruits with four 

requirements in mind: capable of processing one ton per day; low cost of 

manufacturing, operation, and service; system to be manufactured in Latin 

America; operation and maintenance to be carried out by a cooperative in 

Colombia. To complete the conceptual design, students need interdisciplinary 

thinking and collaboration with customers, designers, and engineers in 

practice.  

Taking another article as an example, Sancar-Tokmak and Dogusoy (2020) 

mentioned an instructional design activity for instructional technology 

students. Students were given a 9-week period to analyze the reasons for the 

high drop-out rate of distance education and, based on the reasons, design a 

solution using an instructional design model. In the end, five student groups 

used the Analysis-Design-Development-Implementation-Evaluation (ADDIE) 

model, while one group used the Attention-Relevance-Confidence-Satisfaction 

(ARCS) model to define their solutions. 

Among eight design reports, only two of them focus on teaching-learning 

practices. These studies presented ‘an alternative sequencing method for e-

learning’ (Karampiperis & Sampson, 2005) and ‘instructional model for 

distance education to prevent high drop-out rates’ (Sancar-Tokmak & Dogusoy, 

2020). 

3.3.2. Type 2 - Physical Artifact 

Physical artifact refers to the final design products that are presented in the 

form of actual artifacts, which could be directly used in practice. In the 

reviewed articles, only one research paper was found to represent this type of 

design product: in a Finnish context (Seitamaa-Hakkarainen et al., 2001), 

students (working collaboratively in groups) were asked to design and produce 

functionally and aesthetically delightful clothes for prematurely born babies. 

The students were given 15 weeks to complete the design. The design 

products were tested in an authentic hospital environment to provide 

feedback about the functional aspects of the prototypes being designed. At 
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the end of the project, about 200 pieces of clothes were manufactured for the 

hospital.  

3.3.3. Type 3 - Model Building  

Model building refers to the final design products that are presented in the 

form of physical visual models. Different from physical artifact, the models 

could not directly be used in practice. Five articles were found to represent 

this type of design product. For example, 30 Turkish landscape architecture 

students collaborated to create a 1/20th scale physical model of a piece of 

equipment for a sitting activity. Students were given complete freedom to 

choose their materials, allowing them to choose the best material for the 

envisaged form and conduct trials in order to identify the best technique for 

the material's nature by creating harmony between the material and the form 

(Alpak et al., 2018). 

3.3.4. Type 4 - Schematic Design  

Schematic design refers to the final design products are presented in the form 

of graphic sketches of the products. Six articles were found to represent this 

type of design product. For example, 27 French engineering students were 

given an 8-week period to design individually six layouts for a functional 

kitchen located in a campervan. These students produced a total of 162 

layouts of a campervan kitchen. The most creative students came up with 

different concepts (e.g. remote cooking using smarthpne, ecological kitchen) 

of kitchen that differ from a classic kitchen to allow new experiences for the 

user (Bourgeois-Bougrine et al., 2017). Taking another two articles as an 

example, engineering students were given three weeks to prepare a scheme 

design of an adjustable wheel mount for a wind tunnel (Hill et al., 1998). 

Engineering students were given one hour to develop a sketch to produce a 

device for making orange juice by hand, working as a team (Carmona Marques, 

2017). 

3.3.5. Type 5 - Digital Design  

Digital design means the final design products are presented in a digital form, 

such as online teaching/learning support tools and digital games. Five articles 

were found under this type of design product, and three design products were 

completed in the K-12 education context. For example, 20 Turkish fifth-grade 

students were asked to use the Scratch program to create a computer game 

product in 8 lessons (8x40 minutes), with the guidance of the teacher. To be 

able to create digital games, students need an interdisciplinary perspective of 

science, technology, engineering, and mathematics (Hacıoğlu & Dönmez Usta, 

2020). Besides, a digital design tool (the Learning Designer) has been 

developed to support teachers in sharing "instructional products" by 
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developing the teacher-as-designer. In this way, teachers’ development and 

representation of learning designs can be shared online and adapted by other 

teachers (Laurillard et al., 2018). Similarly, Leinonen and Gazulla (2014) 

described two online learning tools developed to support online collaborative 

learning. One developed tool is called Fle4 (Future Learning Environment 4), a 

knowledge-building tool that can be used in conjunction with a blog service. 

Fle4 gives network views of the dialogue that may be zoomed in and out. This 

should aid learners in keeping track of the numerous activities in the 

knowledge-building discourse as well as organizing notes by importance. The 

other tool is called Square1, a prototype that consists of several learning 

devices designed for collaborative learning at school. Although there is one 

article particularly referring to the design products completed in the teacher 

education context, its main focus is on trainee students’ use of "electric 

portfolios". Spendlove and Hopper (2006) documented those 12 trainee 

teachers engaged in a reflective and creative process through the use of an 

"electronic portfolio". The electronic portfolio offered a portable container for 

their ideas, which enabled them to map their progress more clearly as they 

went through several filtering stages. 

3.3.6. Type 6 - Other Type of Design Products 

There is one design product that we could not combine into any of the above 

types of design products. It is called the "math problem (slope of the curve) 

solution". 44 groups of three students in sixth grade in 9 or 10 Dutch 

classrooms were given about 60-90 minutes to work on a math design task, 

i.e., designing a slide or ski jump with one straight part and one bended part, 

and at the end, students came up with different solution strategies (Bos et al., 

2020). 

After summarizing the design products from the literature review, we provided 

below a summary that presents how these design products are connected. As 

shown in Figure 3.2, although design products are displayed in different 

formats, such as sketches and design reports, these different design products 

can be connected to trigger students’ critical thinking and deep learning. 
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Figure 3.2. Connection of the Design Products 

Given that there is a missing role for design challenges and design products in 

teacher education programs, we offered local examples from our teacher 

education programs where we used many engineering design elements at the 

Eindhoven School of Education (ESoE) TU/e. In the following section, we first 

introduced an interdisciplinary teacher education course called Designing 

STEM Education to align with the critical thinking dimensions, followed by an 

illustration of two design examples of student teachers from this course. We 

chose to analyze the local teacher education course with critical thinking 

dimensions to make a connection with the next chapter, which will be 

elaborated on in the next chapter. More importantly, one of the rationales 

behind design challenges and design products is to cultivate students’ critical 

thinking skills. 

3.4. An Interdisciplinary Teacher Education Course - “Designing STEM 

Education”  

3.4.1. An Analysis of the Interdisciplinary Teacher Education Course Using 

Critical Thinking Dimensions1 

This section provides a brief overview of our master’s program in Science 

Education and Communication at ESoE to help you understand our teacher 

education program structures. Afterward, you will expect to read our analysis 
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of the interdisciplinary course structures Designing STEM Education connected 

with the critical thinking dimensions from a teacher educator perspective. In 

this way, we offered a local case of how to integrate critical thinking into the 

design process from a teacher educator's perspective. 

The Master’s program in Science Education and Communication prepares 

science teacher candidates for upper secondary education. This program lasts 

two years, and it contains five specializations: Physics, Chemistry, 

Mathematics, Computer Science, and the combination of Nature, Life, and 

Technology (NLT) with Research & Design. The program is preceded by a 

subject-specific bachelor's degree in the direction of students’ chosen 

specialization (e.g. physics, chemistry, etc.). Students will then study the 

pedagogy of the chosen subject (e.g., physics pedagogy), educational science, 

design STEM education, deepen their subject knowledge, and complete 

internships in secondary schools (https://www.tue.nl/en/our-

university/departments/eindhoven-school-of-education/). 

The interdisciplinary course "Designing STEM Education" is an obligatory 

course for all student teachers within the STEM domain (chemistry, physics, 

mathematics, computer science, and Research & Design). It consists of two 

parts. Part one is preparatory to part two, in which students work in 

multidisciplinary teams on curriculum design projects for schools and other 

educational contexts. Below, we analyzed the course structure of "Designing 

STEM Education" connected with the CT dimensions from the perspective of 

the teacher educator. 

The explicit explanations of critical thinking (CT) dimensions can be found in 

Chapter 4, and here we offer a summary of the CT dimensions to analyze our 

interdisciplinary course structure. These CT dimensions need more attention 

when we create a learning environment for implementing design challenges 

and products in teacher education programs. They include learning goals, CT 

approach, instructional design approach, type of task, duration, multiple 

perspectives, critical voice, evidence-based reasoning, and interdisciplinary 

thinking, decision-making, meta-reflection on knowledge and CT skills, discerning 

between information and opinions, peer negotiation, uncertainty, students’ role, 

and teachers’ support. It is worthy of mentioning that critical thinking is just 

one of our interdisciplinary course objectives, and those CT dimensions are 

sometimes integrated implicitly into the course. 

Learning Goals & Planning Design 

 To recognize the developments in STEM education 

 To be able to apply knowledge of design-based pedagogy to an 

educational design for an external client. 

https://www.tue.nl/en/our-university/departments/eindhoven-school-of-education/
https://www.tue.nl/en/our-university/departments/eindhoven-school-of-education/
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 To be able to explain design choices and perform an evaluation 

(implicit CT) 

Design-Based Pedagogy Approach 

Challenge-based learning (CBL): The design requires student teachers to 

generate a product to solve an educational real-world related problem that is 

requested by a client (such as schools and non-profit educational 

organizations). By using CBL, student teachers are expected to be active 

learners, and they can integrate their STEM subject content knowledge and 

educational knowledge to design an educational product. 

Type of Task 

Schools and other educational organizations request authentic and relevant 

tasks. For example, one of our clients is called Engineers Without Borders 

(EWB). It is a non-profit organization that aims to promote, teach, and 

implement sustainable technical solutions in developing countries to enhance 

the local quality of life. Taking another example, our client can also be a high 

school who wishes to establish challenge-based group projects for their 

students.  

Duration  

The design project is a semester course, and it lasts 20 weeks from kick-off to 

the final presentation of the design products. 

Multiple Perspectives (MP) 

Every design project involves multiple parties: A client (often schools and 

educational organizations or even sometimes companies), student teachers 

who are the designers, and relevant professionals at universities to offer 

professional feedback. To be able to design an excellent educational product, 

student teachers need to communicate and collaborate with different relevant 

parties. 

Besides, student teachers work as a team to design an educational product, 

and these student teachers come from different subject backgrounds. Thus, 

each student teacher team also involves diverse perspectives. 

Critical Voice (CV) 

Our course "Designing STEM Education" creates a learning environment that 

triggers a critical voice. For example, our project task is designed to involve 

multiple parties, clients, designers (student teachers), and other relevant 

professionals. To design a product that satisfies the needs of different parties, 

student teachers need strong communication skills that trigger critical voices 

within the student teacher team but also with their clients and professionals. 
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Besides, to inspire student teachers’ critical voices, we offered the Van Den 

Akker (2003) curriculum spider web (see Figure 3.3) to guide student teachers 

to critically think about the rationale behind their curriculum or workshop 

design. 

 

Figure 3.3. Curricular Spider Web (Van den Akker, 2003) 

Evidence-Based Reasoning  

In this course, Designing STEM Education, three core elements are required in 

the final design report (part of the design product). These three elements are 

(a) analysis, (b) design choices, (c) evaluation of the design choices. The 

element of analysis typically includes the analysis of the request of the clients, 

source materials, target group analysis (who will use these design products), 

background knowledge of the intended design product, and the rationale 

behind the design. The results of the analysis provide evidence for the next 

step in the design process. During the design process, student teachers need 

to pay specific attention to the rationale, namely the reasoning behind the 

design choices. In this way, the student teacher team needs to write down 

their decision-making as well as the reasons that support their decision-

making. The final step is the evaluation of the design choices. In this step, 

student teachers assess their design choices by using four evaluation criteria 

for their design choices: relevance, consistency, usability, and effectiveness, 

presented later in this chapter. Using these four dimensions to assess the 

designed curriculum materials, student teachers can reflect on their design 

and have some recommendations for their re-design. 
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Interdisciplinary Thinking  

The course, Designing STEM Education, is structured in an interdisciplinary way. 

This course contains two types of interdisciplinary connections. 

The composition of the student teacher team is one example of 

interdisciplinary connection. The student teachers who are enrolled in this 

course come from various departments, like chemistry, physics, mathematics, 

and engineering departments. In this course, they work together as an 

interdisciplinary team on an authentic task that is often requested by the 

client. 

Another way for the student teachers to connect across disciplines is through 

the design of their products. For example, one of the tasks requested by the 

client is to design an interdisciplinary project for the school. 

Student Teacher Role  

Student teachers are active designers who work as a team.  

Teacher Role 

Teachers are coaches who offer feedback during the design process and 

assess the final design product. 

Assessment Process 

The assessment process includes: (a) student teachers’ peer assessment of the 

teamwork collaboration process and (b) the teacher’s (coach/teacher of the 

student team) assessment of the design products. 

1. Peer assessment: To support peer assessment, four criteria are offered 

in the rubric for process assessment: 

 Way of participating in group discussion, 

 Translation of knowledge from lessons/syllabus/literature to 

project, 

 fulfilling agreements/planning, and 

 Creative input. 

2. Teacher/coach assessment: The teacher/coach assesses the final 

product by using the rubrics to evaluate the design projects. This 

rubric includes four dimensions (sub-rubrics) that refer to the essential 

elements required in the final product - design report analysis, design 

choice description, evaluation, and material & presentation. 
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3.4.2. An Example of the Guiding Questions for Facilitating Critical Thinking 

From the Interdisciplinary Course Designing STEM Education 

In this course, the guiding questions connected with each design process are 

offered to facilitate student teachers’ critical thinking (see Table 3.2 below). 

These guiding questions are designed to facilitate student teachers’ 

discussions within their group. The teacher or the coach scaffolds the student 

teachers’ discussion. For example, at the beginning of the design process (from 

step 1 to 3), the teacher or the coach can respond to the student teachers’ 

discussions to enhance their critical thinking. Starting from the design process 

step 4, the student teachers need to write down their discussion results 

together with their evidence in the design report. During the student teacher 

team collaboration, they can divide the roles, but they are all responsible for 

the final design report. 
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Table 3.2. Guiding Questions to Facilitate Student Teachers’ Critical Thinking 

Design Process Guiding Questions 

1. Selecting a design challenge  

 What experience do you already have? 

 What prior knowledge that is relevant to this challenge do you have? 

 What is your subject background?  

2. Agreements about planning 

and cooperation 

2a. Competences 

in the team 

 What are the competencies that are present in your team? 

 What is the relevant subject content? 

 To what extent the team members have teaching experience? 

 What are the competencies of the team members as a writer? 

 What are the collaboration competencies of the team members? 

 What are the planning competencies of the team members? 

2b. Division of 

duties 
 What are the roles and tasks of each member of the team? 

2c. 

Communication 

 How can you reach each other between meetings?  

 Which moments are suitable for the consultation? 

2d. Documents  Where will you store concept documents? 

2e. Relevant 

concepts ESCOM 

mindmap 

 Which concepts from the ESCOM mind map from EME31 are relevant to this 

project?  

 Who will study these concepts?  

 When and how outcomes will be shared? 

2f. Planning  
Think of: 

- contact with the client 
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- elaboration of relevant mind map concepts 

- (draft) student/teacher material 

- feedback on concept material 

- concept design plan/interim presentation 

- execution of the test 

- Evaluation 

- presentation/design plan 

3. Rights of the use of the design 

product 

(P.S. It is recommended students 

to have the products open 

access unless the client requires 

otherwise, we warn them to only 

use images that are permitted.) 

3a. Rights 

 What are your rights as authors of the design product? 

 What are the principles for reuse/reproduction?  

 Do you know about the use licenses that are issued by ESoE? 

3b. Publication 

in Wikiwijs 

 Why publish the design product in Wikiwijs? 

 Under which license agreement to publish in Wikiwijs?  

 Are there rights or licenses associated with the images you used? 

4. Design plan  

4a. Group 

members 

 Who are the team members?  

 Is this a multidisciplinary team? 

4b. Client   Who is the client? 

4c. Analysis  

1. Wishes of the client:  

 What requirements the does client set for the design, e.g. based on the curricular 

spider web? 

2. Resources: 

 Which existing educational materials may be (partly) usable in the educational 

materials that you are designing, or what can inspire you? 

3. Target group analysis:  

 What do you know about the target group for whom you will design education? 
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4. Prior knowledge: 

 Which relevant prior competencies (knowledge, skills, and attitude) you expect 

students to already have, in two parts: 

i. From (formal) education 

ii. From informal education 

Indicate what you base that on. 

5. Relation to developments in cross-curricular education: 

 How does this project relate to other developments in cross-curricular science 

education?  

 Which relevant concepts from the ESCOM mind map can you refer to? 

6. Persons and parties involved in the project: 

 Which persons and parties are involved in this project?  

 What are the different roles of the involved stakeholders?  

 Who is involved in the design, and with whom should there be coordination 

within or outside the school?  

 What are their interests/roles? 

7. Involved students: 

 Describe the considerations of whether and how to involve students in the 

project. 
 

4d. Design 

choices 

1. Challenges (curriculum issues) that this series of lessons want to focus on:  

 What are the challenges that you want to address with your lesson design? 

 What are the concepts from this category in the mind map (refer to at least two of 

the concepts)? 
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2.  Learning goals: 

 What are the learning goals that you want to achieve? 

 What are the concepts from the mind map? (Refer to at least two concepts from 

this category in the mind map.) 

 How will you determine whether the learning objectives have been achieved? 

 What is the relationship between learning objectives and examination programs 

or other relevant frameworks? 

 Which courses are involved? 

 To what extent is there integration of courses? 

3. Strategy for taking the prior knowledge into account: 

 How do you intend to include students’ mental models on the topics in your 

lesson series? 

(Make use of both knowledge from literature and practice.) 

4. Taking diversity into account: 

 How do you intend to take diversity into account in your lesson series? 

 How do you plan to consider differences in motivation for science in your 

lesson series? 
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5. Choosing Pedagogy of science approach: 

a. Pedagogy: 

 Which pedagogical approach did you choose for your lesson series? (refer to a 

concept from the mind map.) 

b. Consequences for structure:  

 What does the chosen pedagogical approach mean for the structure of the 

course and its further elaboration? (Make use of the curricular spider web 

(http://curriculumontwerp.slo.nl/spinnenweb). 

6. Deployment of ICT: 

 How will you (or not) use ICT within your lesson series? (For example, use the iPAC 

model; see http://www.mobilelearningtoolkit.com/ipac-framework.html). 

7. Activating and motivating students:  

 How are learners activated and/or motivated in the education you have 

designed? 

8. Teacher guide: 

 What should a teacher know/be able to understand/be able to work with the 

teaching material if it is not carried out by the designers 
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3.4.3. Design Examples from Interdisciplinary Teacher Education Course6 

In this section, we present two local design examples of our student teachers 

to help you understand how the above design-based course is implemented in 

a teacher education program. The first design example is from the 

interdisciplinary course Designing STEM Education, and the second design 

example is from the course subject-specific pedagogy for Research and 

Design.  

3.4.3.1. Example 1: Design Workshop on Electrotechnics 

This example was designed by the student teachers of the teacher education 

program at ESoE, Stefan Maubach, Hester Wolf, Janna van Rosmalen, Joris 

Veens, Stef Voermans (Science Education and Communication Master, ESoE) 

for the Designing STEM Education course.  

The client who requested this design product is called EWB. EWB has a project, 

"Schools of the Future: Mozambique". This project aims to empower teenagers 

in Mozambique through technical education and entrepreneurship (Schools of 

the Future—Mozambique, 2019). The goals of this project are to spark interest 

in science and technology and to give teenagers fundamental knowledge of 

technical and societal development. The long-term objective is to inspire and 

facilitate students to undertake a higher education path in a technical area and 

encourage students to practice the knowledge they have obtained to improve 

the local community's wellbeing. 

The design task is described as creating a new electronics workshop for 

Mozambican teenagers aged 14 to 16 (high school students), with the 

workshop being hands-on and accompanied by an explanation and exercises 

about the theory related to the hands-on part. It is also asked by EWB that the 

budget per student should be less than 15 euros to keep the project 

sustainable in the future. 

The design process includes four main steps: analysis - design choices - 

evaluation - design product. In Step 1 - analysis, student teachers have done a 

thorough analysis of the design task requirements, available source materials, 

and local education background, including the general education system in 

Mozambique, the targeted students’ schooling situation, as well as the 

students’ daily life and informal education. After these initial comprehensive 

analyses, student teachers completed their initial workshop design rationale 

and structure by using the Curriculum Spiderweb (Van Den Akker, 2003). 

Rationale: Inspire people to learn about technology and science, tackle 

community issues, and inspire them to pursue higher education. 

                                                 
6 Students gave their informed consent for using their design products as examples in this 
Chapter.  
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Aims and objectives: The learning objectives will be different for each module 

in the workshop. The modules can be taught independently from each other, 

so no prior knowledge of other modules is needed to participate in a module. 

Content: The lessons will be focused on electrical technology. 

Learning activities include hands-on experiments, theoretical explanations, 

and exercises in modular workshops. Those designed learning activities align 

with the didactic approach - authentic education, such as learning from doing.  

Students from Eduardo Mondlane University will lead the workshop for high 

school students. They need to guide the high school students actively 

throughout the whole workshop since these studies have extremely little prior 

knowledge. 

Materials and resources: The school does not have any materials that can be 

used in the workshop. So, everything has to be ordered while staying within a 

price range of 15 euros per student. 

Grouping: The students with the highest educational level and motivation for 

technology are chosen to participate in the workshop. These students will 

largely be in the age range of 14 to 16 years old, but may be older. 

Location: The workshop will be given at the Sᾰo Joaquim high school. No 

technical equipment can be expected from the school. 

Time: The workshop will be divided into different modules, where the modules 

will vary in length, difficulty, and learning goals. 

Assessment: The results of the workshop will not be formally assessed, but the 

EWB workshop executors will analyze if the learning objectives are achieved. 

There is a possibility of showing the results at a science fair. For example, the 

student teachers planned to interview the EWB workshop executors using the 

question such as “on a scale from 1 to 10, how relevant do you think the 

workshop is for Mozambican high school students?” 

Based on the above thorough analysis results, student teachers continue to 

make explicit their design choices by integrating interdisciplinary perspectives 

and knowledge in Step 2. 

The summary of the design choices  

The challenges that will be tackled in the workshop are "motivation for Beta" 

and "irrelevance". This will be done by providing a practical workshop and 

connecting it to real-life problems and situations the students may be familiar 

with. 

The learning objectives of the workshop are 21st-century skills, collaboration, 

communication, and technological literacy. The students will learn to 
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collaborate since they will be working with other students. Their 

communication skills will be developed when they present the results of the 

workshop at the science fair. The students will learn about technology since it 

will be the focus of the workshop. 

The content of the workshop will be centered on electronics. We will try to 

adhere to the Mozambican physics curriculum when deciding on the final 

learning goals for each module in the workshop. 

Since students have little foreknowledge, the workshop will be divided into 

several modules. In this way, the theory can be taught at a slow pace. Also, to 

take into account their foreknowledge, the students are asked to do an 

assignment before the workshop. 

To accommodate different types of students, the workshop will be practical as 

well as theoretical. Also, students have the possibility of discovering the 

possibilities of technology themselves. 

The didactic approaches of "authentic education" and "concept-context 

education" will be used to motivate students. 

Evaluation of the design choices 

Step 3 included evaluations of the design choices the student teachers made 

in Step 2. Student teachers initially formulated the assumptions and design 

choices that should be evaluated. Afterward, they worked on formulating 

methods and tools to evaluate these assumptions and design choices. 

Assumptions to be evaluated: 

1. A workshop based on the reality of the students will contribute to a 

higher interest in technology, since they can directly see how they can 

use their newly retrieved knowledge and development skills in their 

daily lives. 

2. All design choices are translated into the design. 

Design choices to be evaluated: 

1. We want to use a modular workshop, to discriminate by level and 

opportunity. 

2. The workshop must first and foremost inspire students to pursue 

careers in technology and science, with knowledge transfer coming 

second. 

Methods and tools to evaluate assumptions and design choices: 

Each of the assumptions and design choices will be evaluated based on four 

criteria: relevance, consistency, usability, and effectiveness. The evaluation 
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criteria are offered by the teacher/coach, and these evaluation methods and 

tools are all designed by student teachers. 

Evaluation criteria 1- Relevance 

Desired: The students see a link between the workshop and their reality, and 

thus the relevance of the workshop. 

Method & Tools 

The methods and tools that are used to evaluate relevance are presented in 

the Table 3.3 below. 

Table 3.3. Method & Tools for Relevance 

Method Tool 

Try-out or micro-evaluation with Dutch 

students  

Survey taken by Dutch students. 

Question: Can you link the knowledge and 

practical skills retrieved from the 

workshop to something in your daily life? 

Focus group interview with university 

students 

Interview with university students. 

Question: On a scale from 1 to 10, how 

relevant do you think the workshop is for 

high Mozambican high school students? 

Focus group interview with clients (EWB 

executors) 

Interview with EWB executors. 

Question: On a scale of 1 to 10, how 

relevant do you think the workshop is for 

high Mozambican high school students? 

Evaluation criteria 2- Consistency 

Desired: The finalized product is based on all the design choices posed in the 

design plan. 

Method & Tools: The consistency will be assessed by using the screening 

method. Student teachers check if the connection between the design choices 

posted in the design plan with their final design product-workshop is 

consistent. 

Evaluation criteria 3- Usability 

Desired: The modularity of the workshop does not affect the ability of 

students to follow the workshop as a whole, or the teacher to supervise the 

workshop. Even if students miss a module, they should be able to continue the 

workshop and contribute to the final module. The average level of the 

modules should fit the level of the class, such that all students should be able 
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to successfully finish every module. For teachers, it should be clear how the 

workshop is structured by reading the teacher’s manual, without any external 

help. 

Method & Tools: 

The methods and tools that are used to evaluate usability are presented in the 

Table 3.4 below. 

Table 3.4. Method & Tools for Usability 

Method Tool 

Try-out or micro-evaluation with Dutch 

students  

Observation. What to observe: Do 

students get stuck during a module if they 

did not do a certain other module? How 

actively (1-10) do students participate 

during the workshop? 

Try-out or micro-evaluation with Dutch 

students 

Interview with the teacher of Dutch 

students Question: How high (1-10) would 

you rate the average involvement of your 

students during a normal lesson and the 

workshop? If some students do not 

participate well, do you think that this is 

due to the level of the workshop or due to 

the level/character of the student? 

Focus group with university students  Interview with the University students. 

Question: Which section of the teacher’s 

manual did you find most difficult to 

understand? Why do you think it was 

difficult to understand? Are there parts 

that are too difficult, which can lead to the 

workshop failing? Which percentage of 

the teacher’s manual did you find clear to 

use? 

Evaluation criteria 4 - Effectiveness 

Desired: Students are more interested in technology and science after the 

workshop. 
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Method & Tools: 

The method and tools that are used to evaluate effectiveness are presented in 

the Table 3.5 below.  

Table 3.5. Method & Tools for Effectiveness 

Method Tool  

Try-out or micro-evaluation with Dutch 

students 

Survey: Ask students to rate (1-10) their 

interest in technology and science before 

and after the workshop. Let them explain 

why there is or is not a difference 

Try-out or micro-evaluation with Dutch 

students 

Interview with university students. Question: 

Do you think this workshop will increase the 

interest of Mozambican high school students 

in science and technology? (on a scale from 

not at all, not much, somewhat, to very much) 

Question: Would this workshop have made 

you more interested in science and 

technology when you were in high school? 

Focus group with university students Question: Do you think this workshop will 

increase the interest of Mozambican high 

school students in science and technology? 

(on a scale from not at all to very much). 

Step 4 is the design product - the designed workshop is called "building an 

electrical car". The workshop has six modules. These six modules can be seen 

as six connected design products for the audience (future high school teachers 

and their high school students). Because the six modules were created 

independently, a high school student does not have to complete the first 

module in order to participate in the second. However, each module includes a 

summary of the content if a student may need some basic previous 

knowledge. 

Module 1: Electronics, sensors, and actuators 

Module 2: The electric motor 

Module 3: Combining circuits 

Module 4: The electric car 

Module 5: Workshop time! 

Module 6: Science fair 

For this workshop, the students designed a student guide and a teacher's 

guide. The teacher’s guide (81 pages), one of the design products aimed at 

guiding teachers to make this workshop successful for the students. The 
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teacher’s guide started with tips and tricks for teaching (for motivating 

students) and was followed by six modules of the workshop. The students' 

guide (67 pages) consists of six modules and a ‘list of common errors made 

when a circuit fails’ in order to assist students in diagnosing and resolving 

problems on their own. In each module of the students’ guide, it is indicated 

which content belongs to the theoretical part, to the practical part, and to the 

safety rules part. Figure 3. 4 shows an example student sheet for guiding 

students through the construction of their first electrical circuit as a step 

toward building an electrical car. 

Figure 3.4. Student Sheet ‘Make Your First Electrical Circuit’ 
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The design products and workshops are intended to be designed in an 

interdisciplinary way. Due to the lack of access to the curriculum of subjects in 

Mozambique, the integration of multiple subjects is difficult for student 

teachers. Also, the requested focus on electronics in combination with limited 

resources makes it difficult to include other subjects in the workshop. 

Therefore, student teachers choose to design the products- workshops mainly 

targeted at electronics, and integrate them into other subjects as much as 

possible. Student teachers choose to combine physics and mathematics, such 

as working with formulas. In addition, student teachers decided to design 

products- workshops that are independent of ICT infrastructure, because there 

is a shortage of multimedia and technolgical tools in schools in Mozambique.  

3.4.3.2. Example 2: A Dialogue Tool for Promoting Self-Directed Learning for 

Students 

In this design project, the student teachers Bernice d’Anjou and Nine Sellier 

designed a dialogue tool as a new method for feedback dialogues to promote 

self-directed learning. The tool is aimed at students in the Dutch secondary 

school subject "Research & Design (R & D)." 

Research & Design (R & D) is a relatively new course in Dutch Secondary 

Education that was introduced in 2004. Secondary schools can choose to offer 

this course to their students at the levels of HAVO (senior general secondary 

education) and VWO (Pre-university education) throughout all the years (5 for 

HAVO and 6 for VWO). R&D is comparable to international STEM education. R 

& D is cross-curricular, which means it includes topics from the more classic 

Dutch courses, like Math, Physics, Chemistry, and Biology, in the project-based 

course. The course is taught by teachers from various backgrounds who serve 

only as coaches. Students in R & D work in groups on projects about real-world 

problems that are usually solved by STEM professionals. By using their 

methods and having intense contact with STEM professionals, students can get 

an impression of a career opportunity. The projects are designed to help 

students improve their skills. In contrast to more classic courses, which are 

more about developing knowledge. Students develop their competencies over 

time by reflecting on their projects, so that they are well prepared for STEM-

oriented studies at (Applied) universities. 

Students work in groups on projects about real-world problems. A project 

takes about 8 weeks in the first three years of R & D projects will be arranged 

for the students. The projects are organized by the students after these three 

years. This gives students ownership of their projects. The projects finish with 

a presentation to the class, the teacher, and the company. The project is 

graded on the delivered product, but also the process. Over the years, the 
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projects get more challenging as the students develop their competencies that 

can be seen as 21st Century skills.  

We show an example of a "dialogue tool" created by the student teachers 

below.The prototype for the "conversation tool" was created based on a 

literature review on self-directed learning, interviews with four R & D teachers, 

and observations of current R & D lessons at two different schools.The final 

design product is called the "conversation tool", aiming to build a more 

intensive relationship with the students during feedback conversations with 

the teacher (see Figure 3.5). This conversation tool consists of a board, cards 

for students and a teacher, feedback cards with example questions for 

individuals and groups, and reflection sheets. Via a physical board, chips, and 

feedback cards, both students and the teacher contribute to the subject of the 

conversation. The feedback cards consist of several questions at different 

levels of feedback focused on individuals where the students and teachers are 

introduced to a spectrum of feedback options. The outcomes of the feedback 

conversations can be documented on reflection sheets by the students (see 

Figure 3.6). In the end, how this conversation tool works in practice is 

visualized in Figures 3.7 & Figure 3.8. 

  

Figure 3.5. Design Product-Conversation Tool      Figure 3.6. Design Product-Reflection Sheets 
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   Figure 3.7. Design Product        Figure 3.8. How it Works in Practice
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3.5.  Conclusion 

Based upon our initial literature search results and our local examples, we 

reached the following conclusions. For starters, there is a lack of solid 

examples of design challenges and products at teacher education programs 

and K-12 levels in the European literature, which necessitates additional 

research. The articles about design challenges and products are highly skewed 

towards engineering education. We only found five articles (17% of the 

studies reached through the search) that included design challenges and 

products completed in K-12 and teacher education program contexts. 

Examples from the European literature primarily used digital design as the 

design product, but there were also other examples presenting physical 

artifact, model building, and schematic design. Four of the five design 

products from K-12 and teacher education were categorized as "digital 

design". However, these digital design products are online support tools that 

have been designed by researchers or teachers to support students’ learning. 

In this sense, these online support design products are different from the ones 

in engineering education where students create design products by solving 

design challenges. There are good local examples of using design challenges 

and projects in teacher education programs, such as the ones mentioned at 

the Eindhoven School of Education, TU/e, in the Netherlands. This is also 

because there is a relatively new interdisciplinary course called Research and 

Design (R & D) in secondary schools in the Netherlands. Future research could 

focus more on collecting and analyzing these local examples. Secondly, we 

could only find three studies that mentioned interdisciplinarity, and hence, the 

integration of knowledge from different disciplines was missing in most 

studies. Thirdly, among those three interdisciplinary studies, the 

interdisciplinary characteristics are mostly visible in design challenges and 

design processes instead of the design products. Thus, how to make 

interdisciplinary characteristics more visible in design products deserves 

further thinking. Finally, the time spans that allow students to complete a 

design task efficiently vary greatly, and they should be considered in the 

future when preparing and planning for interdisciplinary design challenges 

and products in teacher education programs. 

The interdisciplinary course Designing STEM Education and two student 

teachers’ design project examples provided good local examples of creating a 

learning environment for implementing critical thinking into design challenges 

and design products in teacher education programs. Based on our local 

student teachers’ design project examples, we can find some characteristics of 

the design challenges and design products. The design challenges are often 

formulated by the student teachers themselves after doing a thorough 

analysis of the clients’ needs and doing little research about the targeted 

audience (who will use the design products), needs etc. What we offer student 
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teachers as teacher educators is an open-structured real-world, relevant 

problem or a request. The design products our student teachers created are 

relevant to their professional careers, which they could implement in their 

classrooms when they become secondary teachers. Besides, these design 

products are also sent to these clients, so they can implement them in 

practice. Thus, student teachers are not only active designers, but also owners 

of design products that enhance their professional identity as educators. 

CT dimensions are an integrated part of the course, Designing STEM Education. 

Although developing students’ CT skills is not a separate explicit goal of the 

course, it is already embedded in the course activities. In our local design 

examples, the instructional design approach is CBL, not problem-based 

learning. This is because TU/e offers students CBL, which plays an important 

role in TU/e’s education vision for 2030. The CBL, on the other hand, shares 

elements with the PBL, such as starting with a real-world problem and 

requiring teamwork. The tasks are open-ended and real-life challenges for 

particular clients. So, they can be applied immediately in practice and have 

practical implications which also promote the development of students’ 

critical thinking during the design process. For the CT dimensions that have 

been listed under the design context/learning environment, such as multiple 

perspectives (MP), critical voice (CV), evidence-based reasoning, and 

interdisciplinary thinking, these dimensions are implicitly embedded in a 

connected way during the design process. As a teacher educator, we do offer 

student teachers some guides to support these CT dimensions, for example 

using the curriculum spiderweb (Van Den Akker, 2003) as a tool to inspire 

student teachers’ critical thinking about the rationale behind curriculum 

(workshop) design. The evidence to support the design choices that the 

student teacher team made is an obligatory element in the final design report. 

This also makes the student teacher team aware of coming up with clear 

evidence-based reasoning after peer negotiations. For the assessment 

process, the CT is not yet explicitly integrated into the assessment process by 

providing students with evidence about their CT development according to 

their learning goals. This is because CT is not an independent main course goal 

in our teacher education program. It is not difficult to explicitly include it in 

the assessment process in our course in the future, since the core CT 

dimensions are already covered in the design process.  

In this chapter, we offer a few local examples to inspire teacher educators to 

integrate critical thinking dimensions into design challenges and design 

products in practice. Chapter 4 will provide more detailed information on how 

to implement critical thinking dimensions in design-based pedagogy from 

both a theoretical and practical standpoint. 
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4.1. Introduction, Goals and Main Contribution  

This chapter was developed within the scope of the project Progression and 

Pedagogy of Design: Contextualizing Design-based Pedagogy in Teacher 

Education Programs, funded by the European Commission under the Erasmus + 

Programme, reference number, 2020-1-TR01-KA203-094180. The chapter was 

elaborated by the USC partners, a Spanish team with an international research 

expertise in science education and a solid experience in design-based learning 

for improving critical thinking (CT) development and scientific practices. 

The purpose of this chapter responds to one of the goals of creating the 

booklet: supporting scientific and engineering practices with CT in 

interdisciplinary contexts related to design-based pedagogy. Meeting the 

global challenges of the 21st century will require individuals who possess the 

capacity to apply CT to face diverse design challenges related to multifaceted 

problems that have not been yet anticipated, as the current situation of the 

pandemic shows. CT in the approach we propose in this chapter is oriented to 

the integration of three dimensions of scientific knowledge (disciplinary core 

ideas, crosscutting concepts and scientific/engineering practices). For creating 

design products, we consider students need to integrate scientific practices as 

inquiry, argumentation and modelling, requires the mobilization of scientific 

knowledge from diverse disciplines and the articulation of CT skills. To shed 

light on these connections, this chapter provides readers with two examples of 

activities in an interdisciplinary-based pedagogy. 

Reviewing interdisciplinary/STEM interventions in higher education and 

teacher education that attend to CT development and scientific practices will 

help to picture the existing practices and activities that support CT while 

engaging in scientific and engineering practices. Drawing from the literature 

review and our expertise in the field, we are attempting to provide some 

useful guidelines for the integration of CT into interdisciplinary activities in 

teacher education. The features of the activities we found in this review of 

these studies help us as a point of departure from an informed discussion 

about CT and interdisciplinary design and for the activities we will offer in this 

project. Aligned with the main goal of this project, finding a common 

framework for teacher education programs, the project team will have a 
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chance to evaluate the activities designed in the booklet and to discuss 

potential changes in the existing courses offered in their teacher education 

programs. 

This chapter has been divided into five sections. Section 2 presents the 

theoretical underpinnings regarding the main notions that guide this chapter 

and our work in the project; Section 3 describes the main findings from the 

literature review on CT, first in scientific disciplines in educational contexts, 

and secondly, in interdisciplinary studies; Section 4 provides some guidelines 

and two examples of interdisciplinary design-based pedagogy activities for CT 

and scientific practices development. Finally, section 5 ends the chapter with 

some reflections on implementing activities that integrate CT and scientific 

practices and their assessment.  

4.2.  Background 

The 21st century requires individuals to go beyond having knowledge of a 

certain subject(s) and gain new skills, called 21st century skills, to be able to 

keep up and adapt to rapidly changing, complex and globalized societies 

(Organization for Economic Co-operation and Development [OECD], 2019). CT 

is embedded within 21st century skills and is often listed as the most 

important skill for students to develop in the contemporary world (Marin & 

Halpern, 2011). In this context, educational systems and teaching training 

programs should be aligned with the 21st century and its needs, including in 

their goals, CT as a skill to develop (Cigerci, 2020). 

CT has a long history, and educators agree on its value, however there is 

disagreement over what this concept entails. Two significant shared elements 

can be observed when attention is focused on the exact modes of stating what 

CT is for the important components inside these definitions. The first is the 

frequent use of the words "assessment" or "judgment" (Facione, 1984), and 

the second is the incorporation of abilities as well as habits or tendencies in 

its conception (Wan & Cheng, 2018). Scholars such as Dewey, Ennis, McPeck 

and Paul, among others, have proposed a definition of CT focusing on different 

aspects, such as skills or even attitudes. Thus, CT as a concept can be 

expressed in various ways and, in most cases, it is regarded as a set of skills 

and dispositions, as, for instance, in Facione’s (1990) and Halpern’s (2014) 

proposals. CT is defined in this project as a set of skills and dispositions that 

enable students and people to make critical decisions based on reasons and 

values, as well as independent reasoning (Jiménez-Aleixandre & Puig, in 

press). 

Literature on CT points out the crucial role of educators in equipping students 

with CT skills (Pithers & Soden, 2000), but discussions persist about the way in 

which CT can be better developed through education (Abrami et al., 2008). The 

question that is raised in this chapter is: How can we structure the teaching and 
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learning process in a way that the design-based pedagogy supports the 

integration and connection of three dimensions of scientific knowledge, enabling 

students to employ their CT? 

Interdisciplinary teaching and learning approaches commonly pursue CT skills 

development. Equipping students with confidence to practice CT across 

disciplinary modes (Moore, 2011) has been argued to be important. 

Interdisciplinary thinking is the ability to connect knowledge from two or more 

fields to achieve cognitive advancement in ways that would be difficult or 

unlikely using only one discipline (Spelt et al., 2009). It is considered to be a 

complex cognitive skill that consists of several subskills that, from our view, 

involve thinking critically. CT encompasses thinking rationally to decide "what 

is credible and what can be done to solve a problem" (Norris & Ennis, 1989). It 

is an acquired skill that can be used to analyze, synthesize, apply and assess 

information obtained through observation and experience and to guide 

conscious actions, among other aspects. 

Individuals who can connect the material and practices required of specialists 

in the science, technology, engineering, and mathematics (STEM) disciplines 

will be necessary to meet the global problems of the twenty-first century 

(Penprase, 2020). STEM can be understood in different ways (Bybee, 2010); if 

STEM is conceptualized as a curriculum approach, its interdisciplinary nature 

involves not only the application of scientific knowledge, but also other 

knowledge bases (Lederman & Lederman, 2020). According to Wang et al. 

(2011), interdisciplinary integration begins with a real-world problem. It 

incorporates cross-curricular content with CT, problem-solving skills and 

knowledge to reach a conclusion (Lederman & Lederman, 2020). 

In the STEM approach, the implementation of pedagogies that promote CT 

skills, as well as those of each discipline, has become a challenge (Styers et al., 

2018). According to Wang et al. (2011), few general guidelines exist for 

helping teachers to teach STEM integration in the classroom. In addition, there 

is lack of evidence on (1) how CT interacts with students’ STEM knowledge 

(Ahern et al., 2012), (2) how to help educators decide how to teach in ways 

that enhance CT (Marin & Halpern, 2011). Departing from these gaps, the goal 

of this project is to understand how teacher educators can offer common 

guidelines when supporting interdisciplinary practices with an emphasis on 

the design-based pedagogy (Delen et al., 2020). This chapter focuses attention 

on how CT can be articulated in the design-based pedagogy to support the 

integration and connection of the three dimensions of scientific knowledge.  
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4.3.  Findings: Literature Review 

4.3.1. CT in Science Education. What do Disciplinary Studies Show Regarding 

CT interventions?  

There is widespread acceptance of the idea that CT is an important dimension 

of science education (Bailin, 2002). The NGSS includes CT as one of the goals 

of science education, but little attention has been given to CT development 

and it may not be a central concern in an educational climate that focuses on 

content matter mastery. Drawing from the fields of philosophy and 

psychology, the CT has been conceptualized in a variety of ways. In science 

education, CT is associated with scientific argumentation as it largely involves 

the evaluation of claims or knowledge by examining evidence (Giri & Paily, 

2020; Jiménez-Aleixandre & Puig, in press). 

A consensual feature of CT is that it requires mastery of context-specific 

knowledge in order to evaluate specific beliefs or claims. Anderman et al. (2012) 

point out that, even in appropriate environments to support CT and scientific 

reasoning, students often lack the requisite background knowledge to do so 

effectively. They suggest that the ability to reason effectively requires rich, 

interconnected, domain specific knowledge, and a lack of content knowledge 

"makes the task of thinking critically challenging, if not impossible" (p. 92). 

The work in the science education literature devoted to the fostering of CT 

takes different forms (Bailin, 2002). In this section, we attempt to provide a 

general view of how CT is being articulated in diverse scientific disciplines, 

particularly in biology, mathematics and engineering interventions for CT. The 

goal is to show the main features of these interventions in terms of CT 

development, whether they share some features with the CT approach used, 

the conceptualization of CT and the learning context/environment provided. 

A Web of Science (WoS) search using the keywords "critical thinking" and 

"[discipline] education" yielded a total of 251 peer-reviewed articles published 

in all disciplines over the last five years. Moreover, the studies must present 

instructional intervention and participants should be either pre-service teachers 

or teachers and/or students from K-12 education. Considering this, the final 

sample (N=13) includes 3 papers out of 19 in biology, 3 out of 108 in physics; 1 

out of 14 in chemistry; 5 out of 34 in mathematics and 1 out of 76 in 

engineering (see Table 4.1). These articles are marked with an asterisk (*) in the 

references. For the characterization of the interventions, several dimensions 

were considered for data extraction and analysis: (a) educational level: teacher 

education or K-12; (b) type of study: quantitative, qualitative or mixed methods; 

(c) the CT notion underlying the research; (d) the scientific practices addressed 

in the article; (e) the central instructional design implemented, and (f) the 

assessment instrument to evaluate the CT development. Table 4.1, presented 

below, summarizes the results of these dimensions within each discipline. 
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Table 4.1. CT Interventions in Science Disciplines (Biology, Physics, Chemistry, Mathematics, Engineering). Results Obtained In Relation to the 

Number of Dimensions Analyzed/TE: Teacher Education.  

Discipline TE K-12 Type of Study CT Notion Scientific Practices Instructional 

Design 

Assessment 

Instrument 

Biology 

(N=3) 
1 2 

  

Quantitative 

(N=3) 

Ennis (2011) 

(N=1) 

  

Argumentation (N=1) 

      

PBL + POE (N=1) 

 

Test for CT 

assessment 

developed by authors 

(N=1) 

Not 

specified 

(N=2) 

Not specified (N=2) 

ADI (N=1) 

 

Toulmin 

Argumentation 

Pattern (Osborne et 

al., 2001) (N=1) 

PBL (N=1) Not specified (N=1) 

Physics 

(N=3) 
3  

Quantitative 

(N=2) 

Facione 

(1990) (N=2) 
Inquiry (N=1) 

Multiple 

Representation 

Approach (N=1) 

 

  

Pre-service Teacher 

Critical Thinking 

Inventory in Physics 

(PTCTIP) (N=1) 

Mixed methods 

(N=1) 

Ennis (1996) 

(N=1) 

  

  

Not specified 

(N=2) 

Structured 

Inquiry Labs 

(N=1) 

 

Essay questions (N=1) 

Writing tasks 

(N=1) 
Not specified (N=1) 
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Chemistry 

(N=1) 
  1 Qualitative 

Paul & Elder 

(2006) 
Argumentation (N=1) 

Text analysis + 

discussions 

Rubric to assess 

argumentation. 

Mathematics 

(N=5) 
2 3 

Quantitative 

(N=4) 

Cottrell 

(2011) (N=1) 

Mathematics  

(N=5) 

Concept 

attainment 

model (N=1) 

Tests made up by 

authors (N=2) 

  

Ennis (1996) 

(N=1) 

Reflected 

thinking + 

cooperative 

learning (N=1) 

Likert-scales (N=1) 

Qualitative (N=1) 

Paul & Elder 

(2014) (N=1) 

PBL + 

Mathematical 

problem-solving 

(N=1) 

Cornell Critical 

Thinking Test, Level X 

(CCT-X) (N=1) 

Paul (1995) 

(N=1) 

Vignettes 

depicting 

teaching 

dilemmas (N=1) 
Rubric for assessing 

critical thinking skills 

(CTR) (N=1) Not 

specified 

(N=1) 

Authentic 

situations (N=1) 

Engineering (N=1)   1 

Mixed methods 
Facione 

(1990) 
Engineering (N=1) 

Authentic 

situations + 

questioning 

(N=1) 

The Test of Critical 

Thinking (TCT) 
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Based on each discipline, we can highlight the following aspects. In biology 

(N=3), 2 studies were carried out in 10th grade as well as 10th and 12th grade, 

whereas the other was in higher education with pre-service science teachers 

as participants. The K-12 studies aimed to investigate the effects of problem-

based learning (PBL) (Semilarski et al., 2019) in the context of lactose-

intolerance tasks and to measure the students' biological conceptual 

understanding through the PBL, the predict-observe-explain (POE) model and 

a combination of both (PBL+POE) (Fitriani et al., 2020) when implementing a 

model about ecosystems and environmental pollution. The CT notion 

underlying the latter study was Ennis (2011), using a test for CT made up by 

the authors to measure the impact. However, in Semilarski et al. (2019), 

neither the notion nor the test for assessing it is specified. In both research a 

pre-test post-test design was applied, and quantitative methods were used to 

analyze the data. The findings suggest that PBL+POE had the greatest 

contribution to students’ CT skills and dispositions, especially when they were 

asked to provide clarification. On the other hand, the results pointed out a 

medium achievement level (61.1%) on CT and simple problem solving and a 

low achievement level (45.2%) on reasoning and decision-making. It is 

noteworthy that none of the studies mentioned any scientific practices. 

Hasnunidah et al. (2020) carried out their study in Higher Education (HE) with 

the objective of measuring the effect of students’ argumentation and CT skills 

on students' understanding of concepts through the comparison of a 

traditional learning model and the implementation of the argument-driven 

inquiry (ADI) learning model. This model encompasses essays on concepts of 

the structure and function of living plants and animals, Mendel’s laws and 

human inheritance, and evolution, among other topics. A quantitative pre-test 

post-test was designed, and quantitative methods were used to analyze the 

data. The CT notion was not mentioned, but we can infer the authors view it as 

part of the scientific practice of argumentation, since both are regarded as the 

same in the study and, in order to assess it, they used the Toulmin 

Argumentation Pattern (PAT) by Osborne et al. (2001). Findings indicate that 

students’ argumentation and CT skills strongly contributed to their 

understanding of basic biology concepts in both the ADI (88.6%) and 

conventional (81.7%) learning models, as well as that an increase in CT skills 

also increased their understanding of basic biology concepts. 

In physics, three studies were identified. They aimed to determine if the 

Multiple-Representation (MR) approach has better effects on CT than the 

traditional instructional approach (Danday & Monterola, 2019); the 

effectiveness of an inquiry learning model to promote CT (Verawati et al., 

2020), as well as to identify the impacts of non-traditional writing tasks on 

students’ CT skills (Sinaga & Feranie, 2017). Danday and Monterola (2019) 

used a mixed-methods approach, whereas the other two studies opted for a 
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quantitative approach. Facione’s (1990) and Ennis’ (1996) work became the 

framework used as the key CT notion. Verawati et al. (2020) linked the 

investigation to the scientific practice of inquiry. However, the other two 

studies did not mention any. The instructional design involves the MR 

approach (Danday & Monterola, 2019), structured inquiry labs (Verawati et al., 

2020) and writing tasks (Sinaga & Feranie, 2017). To assess the impact of 

these approaches and tasks on students’ CT skills, they used an instrument in 

the form of essay questions (Verawati et al., 2020) and the Pre-service Teacher 

Critical Thinking Inventory in Physics ([PTCTIP] Danday & Monterola, 2019). 

The other study (Sinaga & Ferania, 2017) did not specify how they assessed 

the impact of non-traditional writing tasks. The findings pointed out an 

increase in overall CT skills, which is interesting given the conclusion of Sinaga 

and Feraga (2017), who asserted that there is a strong correlation between 

writing quality and conceptual understanding, but a weak correlation between 

writing quality and CT skills. 

In the chemistry discipline, there was only an article that fit the criteria. 

Meinguer Ledesma (2018) described a methodological strategy to 

communicate general information on carbon nanotechnology in the context of 

high school chemistry. In this strategy, students followed a process of textual 

analysis with Murray’s (2012) work about graphene as well as media 

information, based on cooperative learning and dialogical activities. The 

author drew on Paul and Elder’s (2006) CT notion. Nonetheless, it is linked to 

the scientific practice of argumentation, which is promoted in this study. A 

rubric was developed to evaluate the argumentation, but no emphasis was 

made on how the CT was assessed. It was found that when students are 

supported to put CT into practice by discussing aspects of its relevance in the 

analysis of media information, offering them guidelines to follow and 

establishing criteria in their assessment that are consistent with the learning 

objectives, favorable results can be achieved. In addition, encouraging the 

ability to argue reinforces the conceptual domain of the subject, broadening 

the horizon of its interpretation and the responsibility for its learning. 

In mathematics, five papers were identified, with three of them being carried 

out with pre-service mathematics teachers (Anggraini et al., 2020; Darhim et 

al., 2020; Kusaeri & Aditomo, 2019) and two in K-12 (Dolapcioglu & Doğanay, 

2020; Erdogan, 2019). All studies employed a quantitative approach, but 

Dolapcioglu and Doğanay (2020) opted for a qualitative approach. Anggraini et 

al. (2020) and Darhim et al. (2020) aimed to examine the effect on students’ 

CT skills when comparing the implementation of a traditional learning model 

and more innovative learning models such as the concept attainment model 

(Anggraini et al., 2020) or PBL and Mathematical problem-solving (Darhim et 

al., 2020). Kusaeri and Aditomo (2019), on the other hand, aimed to measure 

the pre-service teachers’ beliefs in the value of teaching CT as well as their 
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preparedness to teach it. Erdogan’s (2019) objective was to study the effect of 

cooperative learning supported by reflective thinking activities on seventh 

grade students' critical thinking skills during the mathematics course, whereas 

Dolapcioglu and Doğanay (2020) examined how 5th grade students’ CT and 

problem-solving skills can be developed using practices based on Newman 

and Weglage (1993). Four studies (Anggraini et al., 2020; Darhim et al., 2020; 

Dolapcioglu & Doğanay, 2020; Kusaeri & Aditomo, 2019) reported their 

understanding of the CT notion, citing Cottrell (2011), Ennis (1996) and Paul 

and Elder (2014). Nonetheless, Kusaeri and Aditomo (2019) did not specify 

which CT notion was underlined in their study. This is also reflected in how CT 

is assessed by the authors, as two studies (Anggraini et al., 2020; Darhim et al., 

2020) only mentioned it was done through tests made up by the authors and 

in Kusaeri and Aditomo (2019) Likert-type scales were used. Validated tests 

such as the rubric for assessing CT skills ([CTR] Dolapcioglu & Doğanay, 2020) 

and the Cornell Critical Thinking Test, level X (Erdogan, 2019) were also 

administered to the students to assess their CT skills through vignettes 

depicting teaching dilemmas as well as reflective thinking and cooperative 

learning, respectively. All of the findings indicate that the aforementioned 

instructional designs help students improve their CT skills.It also should be 

brought to our attention that Kusaeri and Aditomo’s (2019) participants, pre-

service mathematical teachers, pointed out that CT dispositions were not 

important, an issue to be addressed in STEM education.  

In engineering, a single paper was found (Rehmat & Hartley, 2020). The 

purpose of this study was to look into the impact of PBL on students' content 

knowledge and CT toward STEM in four fourth-grade classes. A quasi-

experimental and repeated measures design was used by assigning randomly 

the four classes to a control group (N=46) and an experimental group (N=52). 

A mixed-methods approach was used to compare a traditional learning 

strategy (control group) with the PBL approach (treatment group). In the first 

one, the teacher delivered the content via slide-show presentations while the 

students took notes, whereas in the second, the teacher facilitated the 

learning using authentic situations and questioning. The authors understood 

CT as Facione (1990) and assessed it through The Test of Critical Thinking 

(TCT). The findings pointed out that the change in the PBL groups’ CT skills in 

this study was attributed to the PBL problem and content integration. The PBL 

approach includes a problem scenario that necessitates a viable solution; thus, 

students were asked to use skills such as science and engineering practices, 

encouraging them to go beyond reflection, understanding, and information 

gathering; rather, it required students to transfer, then apply that knowledge, 

and create a prototype. 
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4.3.1.1. Concluding Remarks 

The review of CT studies in science disciplines allows us to conclude that the 

scarcity of studies addresses the development of CT skills in K-12 and, 

especially, in teacher education in the aforementioned disciplines. In terms of 

interdisciplinarity or integration and connection of three dimensions of 

scientific knowledge, the studies did not integrate CT into the disciplines, but 

rather opted for a more general approach with a focus on learning approaches 

or strategies such as PBL or reflective thinking. These findings are in line with 

previous reports (Dominguez et al., 2018; Elen et al., 2019). 

Most of the studies opted for a quantitative approach. Only a qualitative study 

was reported in mathematics education, which pointed to the lack of 

qualitative research in CT and interdisciplinary learning. It is also noteworthy 

that only two studies are related to the scientific practice of argumentation 

and others to inquiry, but generally, a gap exists between CT and scientific 

practices. In addition, we identified two issues regarding some studies: (a) they 

did not specify the CT notion; (b) they did not make explicit how CT is 

assessed, or the instrument used was not validated. Both are recurrent 

problems in CT research pointed out in the literature (Tiruneh et al., 2016). 

Lastly, most instructional designs relate to the implementation of the PBL 

approach, questioning and authentic situations. 

4.3.2. CT in STEM Education. What Do STEM Studies Show Regarding CT 

Development? 

CT has been considered as a STEM skill (Tytler, 2020). However, and in contrast 

to science education, there is little research about how it is developed in STEM 

fields (Duran & Sendag, 2020). This section describes the results of a literature 

review in order to have a glimpse of the types of CT interventions, 

assessments and resources used in STEM studies. To do so, the keywords CT 

and STEM have been entered into the Web of Science database, obtaining an 

initial corpus of 1211 papers. However, after conducting several refinements 

according to the criteria of 1) being peer-reviewed papers and 2) addressing 

CT in the STEM context as a research goal, we have obtained a final corpus of 6 

papers, which are marked with an asterisk (*) in the references, that are 

summarised in Table 4. 2. Remaining 1205 papers were excluded based on the 

following exclusion criteria: a) Including STEM approaches that are not 

explicitly examining CT. For instance, Shanta and Wells (2020) examined CT as 

part of problem-solving in a STEM context, but the analysis focused on student 

abilities to solve authentic challenges in terms of knowledge application and 

level of detail in their descriptions rather than on student CT skills. b) 

Examining CT in STEM contexts as part of a survey and without describing a 

specific intervention (e.g. Cohen et al., 2017; Poce et al., 2019). 
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In this 6-paper sample, we have examined several aspects, such as the CT 

notions used, the CT education, the goals, the type of study, the assessment 

instrument used or the educational level at which the study was conducted. 

Each aspect is discussed separately next. 

Table 4.2. STEM Studies Addressing CT 

Papers Type of 

Study 

Level CT Notion CT Integration Assessment 

Instrument 

Yu et al. 

(2020) 

Quantitative High 

school  

Not 

mentioned 

Engineering 

design 

Questionnaire 

Rashad 

Mater et 

al. (2020) 

Quantitative Primary 

School 

Not 

mentioned 

Not 

mentioned 

California 

Critical 

Thinking Skills 

Test (CCTST) 

Bassachs 

et al. 

(2020) 

Quantitative Primary 

school 

Not 

mentioned 

Argumentation Rubric (group 

discussions) 

Gencer & 

Dogan 

(2020) 

Quantitative Primary 

school  

Swartz et al. 

(2008) 

Engineering 

design 

LTCT and 

MFFCT tests 

focused on 

interpretation, 

analysis, and 

inference 

Mutakinati 

et al. 

(2018) 

Mixed Primary 

school 

Not 

mentioned 

Engineering 

design 

CT rubric 

(Paul and 

Elder 2009) 

Duran & 

Senga 

(2012) 

Quantitative High 

school 

Not 

mentioned 

Not 

mentioned 

 California CT 

Skills test) 

4.3.2.1. Type of Study 

As summarised in Table 4.2, five of the six studies are quantitative, focusing on 

the influence of students' CT on their performances (Yu et al., 2020), on 

investigating the impact of a particular STEM module on students' CT (Rashad 

Mater et al., 2020) and CT skills (Duran & Sendag, 2012), on examining the 

level of students' CT in a STEAM context (Bassachs et al., 2020) or on 

developing and validating science critical thinking skill instruments to assess 

students' improvement in STEM contexts (Gencer & Dogan, 2020). 

There is only one study (Mutankinati et al., 2018) that involves mixed methods, 

drawing from descriptive research and focusing on investigating the impact of 
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a particular STEM module on students' CT, such as Rashad Mater et al.'s, but 

combining quantitative and qualitative analysis. 

4.3.2.2. Educational Level  

All of the studies are centered on K-12 education, with four focusing on 

primary education and two focusing on secondary education. It is worth noting 

that we found no studies at the undergraduate or teacher education levels. 

This finding does not mean that STEM and CT were not addressed at 

undergraduate levels or in teacher education, but the studies do not meet our 

searching criteria, which means addressing CT aspects in STEM contexts. 

4.3.2.3. CT Notion Addressed 

Although all papers include a discussion of why CT is relevant in a STEM 

context, and some of them cite several CT frameworks and studies examining 

CT and CT skills, none of them describe which CT notion is considered for 

developing their designs and/or assessment instruments. There is only one 

study (Gencer & Dogan, 2020) that mentions the Swartz et al. (2008) CT 

framework was used in their design and Facione's (1990) CTS categories were 

used for developing their assessment instrument, but without including a 

specific CT definition. 

4.3.2.4. CT Integration 

Three of the six studies focus on engineering design practices (Gencer & 

Dogan, 2020; Mutakinati et al., 2018; Yu et al., 2020), and particularly in the 

design aspect. Gencer and Dogan (2020) used the engineering design cycle 

(Department of Education, 2006) in two STEM units that consisted of 

identifying the need or problem, researching the need or problem, developing 

a possible solution, selecting the best possible solution, constructing a 

prototype, testing and evaluating the solution, communicating the solution, 

and redesigning. Mutakinati et al. (2018) required students to design the best 

product for wastewater treatment. Yu et al. (2020) focused on the 

development of an engineering design model for a mechanical toy in which 

students had to analyse, evaluate and predict using scientific knowledge. 

Apart from engineering design, one of the papers (Bacchas et al., 2020) is 

centered on argumentation, examining the quality of students' reflections 

during group discussions when participating in STEAM approaches. The CT 

integration, on the other hand, is inconsistent with scientific procedures, which 

hold that scientists and engineers employ argumentation to make the case for 

their ideas, whether they are new theories or designs, unique data collection 

methods, or evidence interpretations. They try to identify argument's flaws and 

limits in order to refine and improve the explanation or design (NRC, 2012). 

The other two papers do not describe how the CT is integrated. 
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4.3.2.5. Assessment Instruments 

All the six papers used some instruments for assessing CT. Two of them (Duran 

& Senga, 2012; Rashad Mater et al., 2020) used standardised tests, such as the 

California CTS test or different versions of it. The other two studies (Bassachs 

et al., 2020; Mutakinati et al., 2018) made use of rubrics. Bassachs et al. (2020) 

applied the Kember et al's. (2008) rubric for group discussions containing four 

categories: descriptive, argumentative, reflective and critical reflective. 

Mutakinati et al. (2018) applied Paul and Elder's (2009) CT rubric for examining 

CT development stages (master, advanced, practicing, beginning, challenged 

and unreflective thinker). 

In another study, Yu et al. (2020) used the questionnaire for examining 

students' assumptions, inference, deduction, interpretation and evaluation in 

their arguments during the design of a mechanical toy. Moreover, Gencer and 

Dogan (2020) used two-tier tests containing CT constructs of interpretation, 

analysis and inference that were examined together with scientific content in 

each STEM unit. Apart from the aspects summarised in Table 4.1, there are 

others to be highlighted, such as the instruction process or the design of the 

intervention and the main results. In this case, we examine those studies from 

Table 4.1 that present some intervention and results about the effect of the 

design on students' CT. The main aspects are summarised in Table 4.3. 

Table 4.3. Design of STEM Studies Addressing CT 

Papers Type of 

Intervention 

Description Duration Resources 

Yu et al. 

(2020) 

Project-

based 

learning 

 

1) Design stage: used 

computer-aided design 

to create a three-

dimensional model of 

the toy. 

2) Analysis stage: 

analysis of the 

mechanical structure 

by application of 

mathematical and 

scientific principles to 

inform decision-

making. 

3) Manufacturing stage: 

selecting appropriate 

tools and materials to 

design the toy. 

3 years 

(16 

weeks for 

year)  

 

Lesson plans, 

classroom and 

computer-based 

learning activities, 

assessment  

tools/materials 

Bassachs 

et al. 

Inquiry-

based 

1) Explicating the 

known-in group 

Not 

described 

Conceptual maps, 
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(2020) learning 

Group 

discussions 

cooperation and hands 

on experimentation 

2) Conceptualization of 

scientific parameters, 

their qualities, 

translation of scientific 

concept to movement-

dance 

3) Reflective analysis 

4) Reflection on 

competencies, skills, 

attitudes and emotions  

(several 

stages) 

experiments 

Gencer & 

Dogan 

(2020) 

Project-

based 

learning 

The engineering design 

cycle. 

61h  

(1 term)  

Worksheets  

Mutakinati 

et al. 

(2018) 

Lecture 

Problem-

solving 

1) Introduction of 

content knowledge and 

discussion 

2) Finding solutions 

and designing products 

3) Video session of 

wastewater treatment 

and optimization of the 

designed products 

4) Drawing conclusions 

and presenting and 

discussing solutions 

Six 

lessons 

Worksheets  

Duran & 

Sendag 

(2012) 

Inquiry-

based 

learning 

First part: capacity-

building among 

students to increase IT 

knowledge and skills in 

STEM. 

Second part: designing 

inquiry-based 

authentic projects of 

science-fair quality 

using what was learned 

in the first part. 

18 

months 

Hands-on, inquiry-

based activities, 

online learning 

activities, authentic 

problems 

As summarized in Table 4.3, the interventions carried out across the studies 

are diverse. The most frequent types are inquiry-based learning (Bassachs et 

al., 2020; Duran & Sendag, 2012) and project-based learning (Gencer & Dogan, 

2020; Yu et al., 2020). Moreover, some studies combine several types of 

strategies in their interventions, such as inquiry and group-discussion 

(Bassachs et al., 2020) or lectures with problem solving (Mutakinati et al., 
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2020). All the interventions are organized into several phases or stages and 

most of them (five out of six) are long-term, lasting from one school term 

(Gencer & Dogan, 2020) to several years (Yu et al., 2020). 

Regarding the teaching and learning resources used, they are also diverse and 

varied, such as computer-based activities, worksheets, conceptual maps, 

experiments or hands-on activities. Another aspect to note is the impact that 

the implementation of these STEM designs has on students' CT and CT skills. 

All the interventions produced a positive impact on participants' CT and/or CT 

skills. In terms of CT, Mutankinati et al. (2020) categorized students' CT mainly 

as advanced thinker (41% of the participants), whereas Bassachs et al. (2020) 

observed that critical reflection enabled students' to better contextualize 

scientific concepts in the real world. Yu et al. (2020) found that the design 

process mediated the impacts of knowledge and critical thinking on the final 

design result in terms of students' CT skills. Students who could deduce, 

explain, and assess scientific knowledge were better able to use it during the 

design process. Gencer and Dogan (2020) obtained similar improvements in 

students' CT skills of interpretation, analysis and inference, whereas Duran and 

Sendag (2012) noticed a significant improvement in the inductive reasoning 

and inference skills of the participants in the program. 

4.3.2.6. Concluding remarks 

In the STEM context, the research on CT is scarce and the studies are recent 

(mainly published between 2018 and 2020), which highlights the relevance of 

this project for contributing to filling the existing gap. 

Regarding CT, one important aspect to note is that, although the studies 

examine CT and/or CT skills, they do not clarify which CT notion are 

considered in their designs or interventions and, due to the diversity of 

definitions used, this should be the starting point. According to the guidelines 

for quality in CT education (Dominguez et al., 2018), the learning goals of the 

interventions should be defined in terms of CT and the design of the learning 

activities or interventions should be aligned to these CT goals. Therefore, we 

consider that the CT notion needs to be clarified before the design stage. 

In all the six studies, CT is embedded in the content of knowledge learning, 

whereas it should be explicitly taught to improve students' performances 

(Duran & Sendag, 2012). In relation to the context, it is worth noticing that the 

CT studies focus mainly on engineering, which is surprising, due to the 

tradition of Science and Mathematics dominating the approach (Tytler, 2020). 

In terms of interdisciplinarity, these studies combine the knowledge of two 

disciplines rather than integrating all the four fields. This integration has been 

observed in Duran and Sendag's study. However, the international policy (e.g., 

Education Council, 2015) considers STEM as a single concept that involves the 
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four subjects (Science, Technology, Engineering and Mathematics) working 

together. Furthermore, while some studies employ inquiry-based or project-

based learning approaches, few are framed as authentic problems, which are 

recognized as providing more meaningful engagement in the learning process 

and increasing students' motivation (Honey et al., 2014). 

4.4.  Activities for the Development of CT and Scientific Practices in 

Interdisciplinary Design-Based Pedagogy  

In this section, we provide some guidelines for the integration of CT in 

interdisciplinary design based pedagogy and some activities were developed 

and/or adapted by the authors of this report based on the literature review 

results and our previous research on CT. Specifically, we draw our work from 

the CRITHINKEDU project (Dominguez et al., 2018) in which international 

experts from diverse European countries worked together in the development 

of an educational protocol to introduce CT into higher education. This protocol 

provides some useful guidelines for teachers and rests on two main claims 

(Elen et al., 2019): 1) students will develop their CT by explicitly engaging in 

appropriate learning activities; 2) becoming stronger in CT requires repeated 

engagement in CT processes. This implies that CT should be practiced 

continuously in design-based pedagogy/interdisciplinary education by 

allowing students to think critically and engage in open-ended activities as 

design products that invite students to argue and practice CT skills. Table 4.4 

summarizes some dimensions of CT development in STEM/interdisciplinary 

activities that refer to: learning goals, context and learning environment, 

students’ role and teacher’s guidance. We consider these dimensions as 

important, although for design-based activities, attention to how to pursue CT 

development during the design process is central. 

Table 4.4. Dimensions for CT Development in Design-Based Pedagogy. 

Dimensions & 

Subdimensions 

Features/Description  

Learning goals & planning 

design  

Make explicit the design challenge/products and the 

need for exercising CT to engage in the process of design 

through the articulation of scientific practices. 

Make CT in the learning goals. 

Find learning goals supporting integration and connection 

of interdisciplinary knowledge.  

CT integration CT is integrated using a mixed approach to integrate three 

dimensions of scientific knowledge (disciplinary core 

ideas, crosscutting concepts and scientific/engineering 

practices). Thus, CT should be embedded in the activities, 

but also made explicit so that students understand what 

CT is and how it is used. 
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Design-based pedagogy 

approach 

PBL (Problem-based learning): The design challenge 

requires students to generate a product to solve a real-

world problem/dilemma, integrating knowledge from 

diverse disciplines and CT and scientific practices.  

Type of Task Open-ended and ill-structured tasks are appropriate for 

the practice of CT in articulation with scientific and 

engineering practices. 

Duration of the task Medium, long-term interventions/activities  

Design context/learning environment 

Multiple perspectives (MP) Encourages different views and even conflicting opinions 

among students. 

Critical voice (CV) Make students think that questioning other students’ 

opinions is beneficial and necessary. 

Evidence-based reasoning 

and interdisciplinary 

thinking (EI) 

Encourages the use of diverse pieces of data/ evidence 

that requires knowledge from diverse disciplines.  

Decision-making (DM) The task requires making critical decisions based on 

reasons and knowledge from diverse disciplines. 

Meta-reflection on 

knowledge and CT skills 

(MR) 

The task engages students in thinking about their 

knowledge and thinking about their CT. What do I know 

about this and what do I need to articulate?  

Discern between 

information and opinions 

(DIO) 

Using criteria to evaluate media information and 

distinguish between the real and the fake. 

Peer negotiation (PN)  The tasks and the learning environment require students 

to argue and interact with each other. During peer 

negotiation, students need to assess the arguments 

provided by their classmates.  

Uncertainty (UN) The context/activity helps students to see that 

knowledge, ideas and positions are conditional and not 

definitive, thus CT is exercised.  

Students' role  Completing the connected design challenges/products. 

Teachers' support 

 

The teacher teaches the students how to think critically. 

Open questions are raised by the teacher and 

help/feedback is provided according to the students’ 

demands.  

Assessment process  CT is integrated into the assessment process by providing 

students with evidence about the integration and 

connection of interdisciplinary knowledge and their CT 

development according to the learning goals.  
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4.4.1. Activity 1: Designing an Experiment to Discern Between Conventional 

Medicine and Homeopathy.  

This activity deals with CT in pseudoscience education, particularly the use of 

homeopathy to prevent or treat diseases. The activity designed by Puig et al. 

(2020) was implemented in primary teacher training and published in a 

Spanish science education journal widely acknowledged in the science 

education community. 

The importance of facing pseudoscience related topics: According to the authors 

of the task (Puig et al., 2020), pseudoscience includes all proposals that 

pretend to be scientific and explain phenomena but without relying on 

scientific evidence. In recent years, pseudo-therapies such as homeopathy 

have gained increasing attention in our society, as the Covid-19 pandemic 

shows. This emphasized the need to design interventions that promote the 

development of CT and epistemic knowledge about science according to 

reality (García-Molina, 2015), making use of the nature of science’s 

perspective. 

Interdisciplinary integration: This activity includes different domains of 

knowledge related not only to scientific knowledge but also to the epistemic 

knowledge of science. Thus, scientific knowledge is necessary for completing 

the task. In particular, biological knowledge about microorganisms and health 

is required for understanding the goal and the findings of the experimental 

design (stages 1 and 2) and chemical knowledge, such as molarity or 

concentration and the effect of dilution, is required to understand the nature 

of homeopathy and to develop the homeopathic product (stage 3). 

Engineering knowledge is also important for the design of the experiment to 

demonstrate if homeopathy is effective in treating diseases, whereas 

mathematical knowledge is present both during the collection and 

interpretation of the data to reach conclusions in the experiment and during 

the illustration of the meaning of dilution before creating the homeopathic 

product. Technological knowledge is also used in this activity, especially at the 

end of stage 3 when participants are required to act as magazine advisors and 

write and email with advice on whether to use homeopathy or not for treating 

a disease. 

CT Dimensions and Development 

Table 4.5 specifies the dimensions of CT development in an activity with the 

goal of presenting how CT is operationalized in the design and guiding 

teachers in its implementation. 
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Table 4.5. CT Dimensions in Activity 1 

Learning goals & 

planning design 

- Exercising CT to distinguish homeopathy from conventional 

medicine 

- Thinking deliberately about the integration and connection of 

different knowledge and what practices you need to apply in 

order to design an experiment as well as a homeopathic product 

to advice on choosing between homeopathy or conventional 

medicine.  

- Identifying what CT skills were mobilized during the different 

stages of the task. 

CT integration  Students are asked about what it requires to be a critical thinker 

when facing a homeopathy vs conventional medicine dilemma. 

The teacher makes CT goals explicit for students and asks them 

to identify their own CT skills after completing their design 

products and discuss whether a good design product depends 

on better performance on CT or not.  

Design-based 

pedagogy approach 

Students are confronted with a design challenge related to this 

dilemma: conventional treatments or pseudoscientific therapies? 

through the elaboration of an experiment that shows their 

different effects, and the creation of a homeopathic product in 

the context of providing some advice for choosing the best 

treatment for a particular disease. 

Inquiry is practiced when students must design an experiment 

and argumentation is articulated when they must provide advice 

based on empirical evidence.  

Type of task Open-ended task, guided inquiry and embedded argumentation. 

The task entails using CT to construct a convincing argument for 

a specific advice and, as a result, deciding between homeopathy 

and conventional medicine for treating an illness. 

Duration  4 sessions of 1 hour  

Learning 

environment 

MP; CV; EI; DM; MR; DIO; PN 

In the first two stages of the activity, students are trained to think critically 

about the homeopathy or conventional medicine dilemma. The first stage 

promotes students to 1) deal with different opinions about homeopathy and 2) 

observe and interpret the results of the experiment carried out. The second 

stage involved using evidence-based reasoning to compare empirical results 

to their initial hypothesis. The third stage enhances CT for designing a 

homeopathic product as a way to understand how they are made. Stage four 

(meta-reflection) encourages students to think about the knowledge CT 

required to carry out and solve different tasks. 
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Stages of the activity 

Stage 1. Previous ideas, experiment design and implementation 

This stage aims to introduce a design challenge related to this dilemma, 

"Conventional treatments or pseudoscientific therapies?" and requires 

students to think about how to design an experiment to see the effects of 

conventional therapies versus alternatives. The teacher presents the case of 

homeopathy, without giving information on its efficacy and operation, only as 

an example of pseudo-therapy. 

Questions posed to students: 

1) Are you familiar with the term "conventional treatment"? And what exactly 

is alternative therapy? Could you give any examples? 

2) Can we test the difference between a conventional treatment and an 

alternative therapy experimentally? How would you do it? 

After discussing these questions, the students carry out the experiment. The 

teacher provides students with the materials necessary for the experiment and 

makes them think about the procedure in small groups. 

-Materials: 4 Petri dishes with culture, 1 amoxicillin disk (antibiotic), 1 pill of 

homeopathic compound. 

-During the experiment, four Petri dishes are labeled: two are control plates, 

and two are treated (one with an amoxicillin disk and one with a homeopathic 

compound). The teacher explains what a control sample is (Figure 4.1). 

-Formulation of previous hypotheses: What do you think is going to happen? 

The students should try to express their initial hypotheses about what is going 

to happen on each of the plates. 

Procedure: After students have shared their ideas, the teacher contrasts the 

required procedure with the groups. 

1. Students with unclean (dirty) hands touch 3 plates (1 control plate, 2 

treated plates). 

2. With clean hands, they touch 1 plate (control). 

3. Place the amoxicillin in the centre of the plate. 

4. Place the homeopathic compound in the centre of the plate. 

5. Put the 4 plates on the stove (Figure 4.2). 
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Figure 4.1. Teacher Explanation About the Control Test. Picture from Puig et al. (2020) 

 

 

Figure 4.2. Petri Dishes (Puig et al., 2020) 

Stage 2. Use of evidence to evaluate hypotheses and construct arguments 

The purpose of this stage is to involve students in a review process of the 

previous stage to analyse their results, review their hypotheses and draw 

conclusions. Students check their experimental results, formulate their 

conclusions and contrast them with their initial hypotheses. 

Guiding questions: 

1. a) What do you observe? 

2. b) Do the results coincide with what you expected? 

3. c) Are your previous hypotheses fulfilled? 
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4. d) What conclusion do you reach? 

5. e) What did you learn from this experiment? 

Stage 3. Producing and testing a homeopathic product  

Homeopathy is a practice based on making serial dilutions of the active 

principle that, in most cases, is the same as the substance that caused the 

disease (Abellán et al., 2014). At this point, students must use their CT to 

identify the composition of the homeopathy complex against amoxicillin by 

analyzing the information in the leaflets. Besides, they will be asked to design 

a homeopathy product by themselves. 

Homeopathic products are based on the principle that high dilutions of 

potentially active molecules retain a memory of the original substance (World 

Health Organization [WHO], 2009). Thus, students are encouraged to 

reproduce the procedure in the laboratory. As the dilution process could be 

unfamiliar to them, the teacher can show the process of dilution with a 

solution of iodine and potassium iodine, a familiar compound for students 

used as an antiseptic. This example helps students to see how the orange 

color of this solution disappears with the process of dilution. 

Questions posed to students: 

Have a look at the leaflets in the image (they will be provided). One 

corresponds to conventional medicine products and the other to a 

homeopathy product. Which leaflets would you say correspond to the 

homeopathy product? Why? Which is the active principle for each product? 

Once the active principle in a homeopathy product is identified, in small 

groups, a homeopathy product will be created using the same active principle. 

2.1) Before creating your own product, you are illustrated with a dilution of 

potassium permanganate (See Figure 4.3). 

2.2) Design and create a homeopathy product (liquid). 

 

Figure 4.3. Photograph Illustrating the Process of Successive Dilutions of Permanganate 

Potassium in Water (Abellán et al., 2014) 
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The teacher can use a solution of iodine and potassium iodine for the same 

purpose. 

 Now that you have designed a homeopathic product, 3.1) What could 

you say about its effectiveness in treating diseases? 3.2) Could you 

guess why these products are still on the market/ are for sale? 3.3) 

Imagine that you work as an adviser for a health magazine, and you 

receive a question from a reader that asks for your advice on choosing 

between homeopathy and conventional medicines for treating his 

throat pain. Write an email with your advice. 

Stage 4. Critical reflections and analysis  

To make students think about their CT and knowledge domain, the last part 

requires them to reflect on their own practice in accordance with the scientific 

practices required and mobilized in the different stages of the task. 

Table 4.6 contains a range of CT skills and dispositions. According to the 

definitions provided (see Appendix A), the reflection consists of making 

students respond to which one (s) did they apply during the activity? and mark 

them with a cross on the table. Students answer the following questions: 

 In the initial stage? (When inquiry allows them to check their 

hypothesis) 

 In the second stage? (When argumentation plays a central role in 

assessing the inquiry process) 

 In the third stage? (When argumentation is key to developing the 

advice) 
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Table 4.6. CT skills and dispositions (Facione, 1990; Facione & Facione, 1992) 

See the definitions in the Appendix A. 

Skills Dispositions 

Interpretation Truth-seeking 

Analysis Open-mindedness 

Inference Analyticity  

Evaluation Systematicity 

Explanation Self-confidence 

Self-regulation Inquisitiveness 

 Cognitive maturity 

With the whole group, students compare the skills and dispositions articulated 

during the task and discuss these questions: 1) In which stages did you 

articulate more CT skills and dispositions? 2) Is there a relationship between 

the better development of the task and better performance on the CT? 3) What 

do we need to improve to be a good critical thinker? 

What can we expect from students and teachers when using design-based 

pedagogy in another activity? 

Students are expected to have an active role during the development of the 

activity. They should design an experiment, create a homeopathic product and 

provide some advice on choosing homeopathic or conventional medicine for 

treating a particular disease based on empirical evidence. 

The role of the teacher consists of explaining what CT means, in theory and in 

practice, and why CT is important for facing complex problems/dilemmas. The 

teacher should make the CT goals explicit and help the students to identify 

their CT skills based on Facione’s categories provided/framework. Moreover, 

the teacher might encourage students to test their ideas against alternative 

ones during the task as well as provide scaffolding when the students demand 

it.  

4.4.2. Activity 2: How Does Global Warming Affect Changes in Sea Levels? 

This activity is based on a recent design published by the scientists Vendrell et 

al. (2021) in a Spanish science education journal widely used by secondary 

teachers in our country and on NASA educational resources (accessible at: 

https://www.jpl.nasa.gov/edu/teach/activity/whats-causing-sea-level-rise-

land-ice-vs-sea-ice/) 
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The importance of ocean-related topics as the sea level rises: The activity 

presents a design challenge by dealing with a problem of high importance for 

understanding the role of the ocean and the impact of global warming on it. 

Sea levels may change over long periods of time due to natural factors, such 

as the movement of tectonic plates. However, given climate change, the global 

mean sea level rose 11-16cm in the twentieth century (Kulp & Strauss, 2019). 

Rising sea levels are one of the clearest signs of global warming. This would 

increase the occurrence of the so-called "100-year floods," the term used to 

define a flood that statistically has a 1% chance of occurring in any given year 

(Mulhern, 2020). Much of the world's population lives close to coastal areas 

and these scenarios are susceptible to natural hazards such as sea level 

changes and continuous floods. Coastal communities affected by the 

phenomenon of sea level rise need quick responses that depend on 

governmental actions, but also on education.  

Interdisciplinary integration: Ocean literacy projects and programs have 

focused on developing activities targeting interdisciplinary education. Sea 

level rise is a complex problem that requires appropriate understanding and 

integration of knowledge from diverse science disciplines (physics, chemistry, 

mathematics, geology, etc.) in which solutions involve technology and 

engineering practices. 

CT dimensions and development 

Table 4.7 specifies the dimensions of CT development in activity 2 in order to 

show how CT is operationalized and guides teachers in its implementation. 

Table 4.7. CT Dimensions in Activity 2 

Learning 

goals & 

planning 

design 

-Exercising CT to identify and explain the phenomena of sea level rise 

and create a model to understand its potential causes and 

consequences. 

-Applying CT to design a product that helps to focus on the design 

challenge investigating floods due to sea level rise in a particular 

location. 

-Think carefully about what knowledge and practices you will need to 

apply in order to use a model to explain the problem of sea level rise 

and design an artifact to contain floods in an affected location. 

-Identifying what CT skills were mobilized during the different stages 

of the task. 

CT integration  -Students are asked what it takes to be a critical thinker in order to 

address the issue of sea level rise. 

-The teacher makes students identify their own CT skills when 

modelling and after designing their own artefacts. He/she requires 
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students to discuss whether a good design product depends on the 

integration and connection of different knowledge. 

Design-based 

pedagogy 

approach 

Students must address the challenge of flooding in a particular area 

through the design of a product integrating engineering, mathematics 

and science knowledge. 

Modelling is exercised in explaining the causes and consequences of 

the problem of sea level rise, creating a material model and 

argumentation is explicitly embedded during the whole task.  

Type of task Ill-structured and open-ended task: It necessitates the use of CT to 

explain how sea level rise affects various coastal areas, as well as 

making open and reasoned decisions to design a product that aids in 

the prevention of floods and potential damage caused by sea level 

rise in a specific location. 

Duration  6 sessions or more of 1 hour  

Learning 

environment 

MP; CV; EI; DM; MR; PN; UN 

The activity necessitates putting the CT into practice at various stages. 

Students are required to work and share their views in small groups during the 

task. CT for multiple-perspectives and peer negotiation is enhanced in all of 

the activities. CT is also necessary to: a) observe, identify and analyze the main 

causes and potential consequences of sea level rise; b) make critical decisions 

for creating a model that shows the effects of melting poles on sea level rise; 

c) make predictions and assess them based on the design products (models) 

and using evidence-based reasoning; d) meta-reflection, thus, thinking about 

what they know and need to know regarding sea level and global warming in 

order to be good critical thinkers; c) dealing with uncertain events such as 

those related to global warming. 

Stages of the activity 

Stage 1. Identification of the challenge 

This stage requires the identification of the sea level in participants’ local 

areas as well as the interactive location of coastal areas affected by the sea 

level rise in their countries. With this goal, an online resource is provided, 

accessible at: coastal.climatecentral.org, in which a map location allows 

students to do the search interactively, obtaining precise data. 

Questions posed to students:  

1) What do we mean by the local sea level? And the global sea level? How can 

we measure them? 
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2) Much of the world's population lives in coastal areas and these areas are 

susceptible to hazards such as floods. What do you think about the causes of 

the sea level rise? Explain your answer. You can help with the video 27 Year-

Sea Level Rise, accessible at: https://sealevel.nasa.gov/resources/118/video-

27-year-sea-level-rise/. 

3) Is your city/village or region susceptible to suffering from floods? Which 

regions are most affected by the sea level rise in your country? (map location) 

After the map location, students are required to look for information about the 

most affected areas by sea level rise and data available pointing to the 

potential causes and consequences. 

Stage 2. Experimentation & modelling  

The purpose of this stage consists of making students think about how the 

rising of the sea occurs when answering the following question: What effect 

does the melting of the poles have on sea levels? Students are engaged in the 

design of an experiment to explain how this happens. 

The experiment entails developing a well-established model in science 

education, similar to the one shown at 

https://www.jpl.nasa.gov/edu/learn/project/how-melting-ice-causes-sea-

level-rising/, in order to answer some questions. Instead of giving students the 

steps to build the model, it is important to encourage them to think about how 

they can demonstrate that the sea level is rising due to the melting of the 

poles. 

Questions to solve in small groups: 

-What are the poles like? (land ice/sea ice) 

-How would you demonstrate how the melting of the poles affects the rise in 

sea levels? You must consider the next points: 

 Can we expect differences in the melting of the poles? Make your 

predictions. 

 Variables: volume of liquid and solid water, sea level rise, temperature, 

time 

 Material 

 Procedure 

-Once the experiment is designed, it must be executed, and students must 

register, with the help of a ruler to measure the water level (in millimeters), 

after and before the melting (Figure 4.4). With the data, they elaborate on a 

graph to interpret the results. 
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-Results and conclusions. After the experiment, what can you say about the 

consequences of melting? Are there any differences between the poles? 

 

Figure 4.4. Pictures of the Experiment  

(Source: https://www.jpl.nasa.gov/edu/learn/project/how-melting-ice-causes-sea-

level-rise/) 

Finally, to contribute to students’ CT a question arises: As the Antarctica ice is 

for responsible of sea level rise, should we take care of it if the Arctic melts? 

Why 

Stage 3. Developing a project to solve the problem of sea level rise in your region. 

After delving deeply into the issue, the final part of the activity aims to have 

students apply their CT skills to find solutions that mitigate the effects of sea 

level rise in various locations. To do so, they must create an artifact (a design 

product or mechanism) inspired by Venice's floodgates in small groups. It is a 

complex task that requires the analysis and integration of knowledge from 

diverse domains: biology (flora and fauna), geology, mathematics (to analyze 

maps, scale), geography, technology (materials to be used). 

Steps that guide the activity: 

1) As an example, we can use Venice's floodgates to prevent sea levels from 

affecting the city. To get more information, read the new "Venice test brings 

up floodgates for the first time" (10th July, BBC) 

(https://www.bbc.com/news/world-europe-53361958) 

2) Find an area close to you that will be affected by the rise in sea levels in the 

near future. You may get support from coastal.climatecentral.org. 

3) Design and present an artefact (drawing it and with an explanation) to avoid 

important damage to this region caused by sea level rise. You must justify why 

it is necessary to avoid sea level rise in this region and consider how the 

artefact will affect the region (population, flora and fauna). 

https://www.jpl.nasa.gov/edu/learn/project/how-melting-ice-causes-sea-level-rise/
https://www.jpl.nasa.gov/edu/learn/project/how-melting-ice-causes-sea-level-rise/
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Once all groups have completed their design products, they will present them 

to their classmates and determine which one best fits into that region based 

on the criteria established by the students. This step promotes CT because 

students must argue about which design is the best. 

The one selected as the best artefact will be built as a scale model. 

Stage 4. Critical reflections and analysis  

To make students think about their CT and knowledge domain, the last part 

requires them to reflect on their own practice in accordance with the scientific 

practices required in the different stages of the task. See Table 4.6 for CT skills 

and dispositions (see Appendix A for definitions). The reflection consists of: 

1.  Reflections about the content of the activity: What knowledge 

did you apply to the activity? Did you feel confident in your 

knowledge? 

2. Reflections about your CT. The next table (see Table 4.8) 

contains a range of CT skills and dispositions. Which of the 

definitions provided (see Appendix A) did you apply to the 

activity? Please, mark them with a cross in the table. 

 In the first stage? (When argumentation plays a central role) 

 In the second stage? (When inquiry and modelling are necessary for 

designing an experiment and providing an explanatory model) 

 In the third stage? (When modelling and argumentation interact to 

create a design to control sea level rise) 

With the whole group, students compare the skills and dispositions articulated 

during the task and discuss these questions: 1) In which stages did you 

articulate more CT skills and dispositions? 2) Is there a relationship between 

better design and better performance on CT? In other words, does having 

more skills help you create a better design? 3) What do we need to improve to 

be a good critical thinker? 

What can we expect from students and teachers when using design-based 

pedagogy in another activity? 

The students are expected to have an active role during the development of 

the activity. They should create a model and complete a design product. 

The role of the teacher consists of explaining what CT means, in theory and in 

practice, and why CT is important for facing complex problems/dilemmas. The 

teacher should make explicit the CT goals and help the students to identify 

their own CT skills based on Facione’s categories provided (see Appendix A). 

Moreover, the teacher might encourage students to test their ideas against 
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alternatives during the task as well as provide scaffolding to meet the 

students’ specific demands.  

4.5.  Conclusion 

The activities proposed in this chapter provide some examples of design-

based pedagogy in terms of how to create real life situations/problems in 

which students must face diverse design challenges that require them to 

mobilize CT skills, scientific practices and integrate knowledge from different 

scientific disciplines. 

We suggest that three main issues need to be considered when designing 

and/or implementing interdisciplinary design-based pedagogy activities for CT 

development: 

1) The degree of difficulty in exercising CT might differ in diverse contexts and 

might depend on the design challenge/stage process. According to the 

dimensions of our CT proposal, assessing classmates' arguments (CT for peer 

negotiation) may be less difficult than evaluating information provided by the 

media; or applying CT to the design of an artefact/product may be more 

difficult than explaining how the design of a product helps to solve a real-life 

problem. 

2) Successful engagement in design-based pedagogy requires the articulation of 

CT and scientific practices by students as well as the integration of scientific 

knowledge from diverse disciplines (interdisciplinary connections). Teachers 

should make students aware of specific examples of what this integration 

means. For instance, in activity 1, after completing the experiments, the 

teacher can make students reflect on the role of empirical evidence and CT to 

achieve a reasonable conclusion regarding the different effects of 

homeopathy and antibiotics. 

Our hypothesis is that better performance on CT and scientific practices will 

result in a more sophisticated artifact/design product and more successful 

student engagement in the design process. We based our hypothesis on 

literature results that show students achieve better results in science 

disciplines when they are engaged in learning science through scientific 

practices. In the case of modelling, in studies carried out in our research group 

(RODA), we found that there is a relationship between a better material model 

and better performance in modelling and argumentation operations in diverse 

contexts (Blanco Anaya et al., 2019; Puig et al., 2017). Regarding inquiry, 

students’ engagement in this practice provides better experimental designs 

(Crujeiras-Pérez & Jiménez-Aleixandre, 2017) and enables students to transfer 

scientific knowledge to real life contexts (González & Crujeiras-Pérez, 2016). 

In interdisciplinary education, these relationships have not been explicitly 

examined. Although studies such as Yu et al. (2020) investigate the 
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relationships between scientific knowledge, CT, and design thinking through 

modeling, they do not explicitly address students' engagement in practice and 

the role of CT in this engagement.However, there are studies that highlight 

students’ challenges in applying scientific content knowledge to engineering 

design through inquiry (Vieira et al., 2018) and in using mathematics and 

scientific knowledge in modelling the design product (Magana, 2017). 

Therefore, the next step of the project will allow us to address our initial 

hypothesis by implementing the activities in primary pre-service teacher 

education at USC. 

3) Evidence of students’ progress on CT might be necessary in order to make 

students aware of their competence on CT. This implies that CT should be part 

of the assessment process. An example of how to integrate this assessment 

process is making students identify their own practice with CT and products 

and asking them for the potential relationships between them. Halpern (2014) 

suggested a model for teaching CT that consists of four components, with a 

metacognitive component to assess thinking. Students will then create their 

own design products and learning environments in the following step. This 

stage of the project will allow us to see if involving students in CT makes the 

skills performed explicit through design-based pedagogy. 
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Appendix A. Definitions of CT Skills and Dispositions 

The definition of each skill is:      

Analysis: "to identify the intended and actual inferential relationships between 

statements, questions, concepts, descriptions, or other forms of representation 

intended to express belief, judgment, experiences, reasons, information, or 

opinions." (Facione, 1990, p.17)          

Explanation: "to state the results of one's reasoning; to justify that reasoning in 

terms of the evidential, conceptual, methodological, critical, and contextual 

considerations upon which one's results were based; and to present one's 

reasoning in the form of cogent arguments." (Facione, 1990, 

p.21)                          

Evaluation: "to assess the credibility of statements or other representations 

which are accounts or descriptions of a person’s perception, experience, 

situation, judgment, belief, or opinion; and to assess the logical strength of the 

actual or intended inferential relationships between statements, descriptions, 

questions or other forms of representation." (Facione, 1990, p.18) 

Inference: "to identify and secure elements needed to draw reasonable 

conclusions; to form conjectures and hypotheses; to consider relevant 

information and to deduce the consequences flowing from data, statements, 

principles, evidence, judgments, beliefs, opinions, concepts, descriptions, 

questions, or other forms of representation." (Facione, 1990, p.19)            

Interpretation: "to comprehend and express the meaning or significance of a 

wide variety of experiences, situations, data, events, judgments, conventions, 

beliefs, rules, procedures, or criteria." (Facione, 1990, 

p.16)                                      

Self-regulation: "self-consciously to monitor one's cognitive activities, the 

elements used in those activities, and the results deduced, particularly by 

applying skills in analysis and evaluation to one's own inferential judgments 

with a view toward questioning, confirming, validating, or correcting either 

one's reasoning or one's results." (Facione, 1990, p.22) 

 The dispositions are described as the following: 

Analyticity: "Prizing the application of reasoning and the use of evidence to 

resolve problems, anticipating potential, conceptual or practical difficulties, 

and consistently being alert to the need to intervene." (Facione et al., 1995, 

p.7) 

Inquisitiveness: "One’s intellectual curiosity and one’s desire to learn, even 

when the application of knowledge is not readily apparent." (Facione et al., 

1995, p.6)    Cognitive maturity: "Approach to problems, inquiry and decision 
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making with a sense that some are necessarily ill-structured, some situations 

admit of more than one plausible option and many times judgements must be 

made based on standards, contexts and evidence which preclude certainty." 

(Facione et al., 1995, p.9)       

Open-mindedness: "Tolerant of divergent views and sensitive to the possibility 

of one’s own bias." (Facione et al., 1995, p.6)                   

Self-confidence: "Trust the soundness of one’s own reasoned judgements and 

inclination to lead others in the rational resolution of problems." (Facione et 

al., 1995, p.8)      

Systematicity: "Being organized, orderly, focused and diligent in inquiry." 

(Facione et al., 1995, p.7)   

Truth seeking: "Being eager to seek the best knowledge in a given context, 

courageous in asking questions and honest and objective about pursuing 

inquiry even if the findings do not support one’s self-interests or one’s 

preconceived opinions." (Facione et al., 1995, p.8)       



 



 

CHAPTER 5 

Assessment Practices in Design-Based Pedagogy: An Overview 
on European Experiences and Future Directions  

Eleonora Concina & Michele Biasutti 

 

5.1.  Introduction 

The integration of math and scientific disciplines in an interdisciplinary 

approach has emerged as a new pedagogical framework for involving students 

in scientific disciplines and motivating them towards this knowledge domain. 

Many recent educational approaches focus on the need to adopt a paradigm 

of situated learning proposing problem-based learning activities in STEM 

(science, technology, engineering and mathematics) education (Kelley & 

Knowles, 2016). In problem-based learning activities, students do not only 

achieve and understand theoretical contents and skills, but also become aware 

how to put them into practice when facing real life situations and professional 

issues. The main aim of these approaches is to make students aware of the 

possible application of STEM disciplinary contents and the related abilities 

involved to solve them in real contexts, not only for future professional 

careers in scientific areas, but also for daily life (Bybee, 2013).  

The perspective of design pedagogy seems particularly effective to fulfill 

STEM education learning objectives based on problem solving and critical 

thinking. In the process of planning learning activities and tasks, which can 

offer real life challenges for the students, the issue of assessment is a core 

aspect. In the multidimensional framework of teaching scientific and math 

disciplines, some questions about the structure of the assessment practice 

should be considered, such as the object of the assessment, how to assess and 

gain the learning process and the role of students and other stakeholders in 

the assessment process.  

The first question - What should be evaluated? - is related to the object of the 

assessment. Design-based pedagogy promotes not only the achievement of 

disciplinary contents and skills, but also encourages the development of 

transversal skills related to critical thinking, problem solving, reflecting 

abilities, and social competences that can be used in real life (Bybee, 2013). 

Assessment should be focused on more than academic knowledge. This aspect 

is strictly related to the following question: how to assess the learning objective 

and the other aspects of learning process? To consider such a complex situation, 

the traditional assessing tasks (oral exams, tests, essays) seem to be 

insufficient to give an overview of the evolution of students in STEM programs 
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(Gao, Li, Shen, & Sun, 2020). They should be integrated with innovative 

activities that can highlight students’ capabilities and put into practice 

effectively the competences and knowledge they have achieved and 

elaborated during their learning experiences, in an interdisciplinary 

perspective. Finally, the last question related to assessment in design 

pedagogy applied to STEM education refers to the role of the students: what is 

the role of students in the assessment process? If one of the main educational 

goals of design pedagogy is to support students for becoming autonomous 

and self-regulated learners, in a lifelong learning perspective, they should 

acquire an innovative and active role in the assessment practices, in terms of 

self-assessment and peer-assessment strategies (Andrade & Cizek, 2010). 

These strategies could contribute to the formative function of the assessment 

process with qualitative judgements. As Netwon reported (2007) the formative 

dimension of assessment in education includes two main kinds of judgements, 

the first based on summative evaluations (mainly oriented to take decisions 

about the teaching-learning process) and the second represented by 

descriptive feedbacks that could offer a more qualitative understanding of the 

learning process and context. Newton’s conceptualization (2007) may offer 

the basis for overcoming the traditional dychotmy about summative 

assessment-formative assessment that has dominated for a long time in 

educational research (Scriven, 1981): in this model, summative assessment 

practices is integrated in a more comprehensive perspective of formative 

assessement. 

In the current chapter, the topics related to the assessment process in the 

design-based pedagogy applied to STEM disciplines in academic settings are 

presented and discussed. The review of the literature was conducted through 

the insitutional search engine of the University of Padua, GalileoDiscovery ( 

https://galileodiscovery.unipd.it/discovery/search?vid=39UPD_INST:VU1), 

which includes several databases, such as EBSCO database, Wiley Online 

Library, Science Direct Freedom. It has considered the following inclusion 

criteria for searching research articles related to the main topic: “design 

pedagogy”, “interdisciplinary learning” interdisciplinary assessment” and 

“STEM” were used as keywords in the online databases, limiting the search to 

the documents in the range of time between 2015 and 2021. Initially, only 

studies based on the European experiences were considered but, since the 

number of them was really scant (denoting a relatively recent application of 

design pedagogy in this context), also more studies were taken into account. 

The final number of articles considered was 15 (*). Six of these studies were 

published in European countries and nine studies were published in other 

countries (US, Canada, Australia, Indonesia, Taiwan, China, Lebanon). The main 

elements of design assessment strategies will be examined in relation to 

scientific and math education in universities; then the application of these 

principles and strategies will be examined in the context of higher education 

https://galileodiscovery.unipd.it/discovery/search?vid=39UPD_INST:VU1
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in European countries, with specific reference to in STEM teacher education 

proghrammes in Europe. Finally, practical implications and educational 

applications of assessment in the design pedagogy framework will be 

discussed, offering indications for implementing innovative assessment 

strategies in an interdisciplinary perspective. 

5.2.  Challenges in Assessing Learning Through Design-Based Pedagogy 

The assessment process in the interdisciplinary perspective of STEM has to 

consider the main features that characterize the design pedagogy in this 

knowledge dimension. Assessment practices may focus both on contents, in 

terms of disciplines and relations between them, and on transversal skills, 

such as social competence, in terms of attitude to collaborate with peers, 

critical thinking skills, problem solving abilities and learning to design. Due to 

the complexity of the process, it is necessary to consider also the challenges 

that may arise in planning assessment tasks in interdisciplinary STEM higher 

education. In this framework, traditional assessment practices should be 

integrated with strategies that require an active participation of students in 

the co-creation of knowledge. In this way, the formative function of the 

assessement will be fulfilled with both summative evaluations, in terms of 

traditional tests, and written and oral exams, with more descritptive feedbacks 

from teachers, self-assessessment and peers’ comments (Newton, 2007).  

Design-based pedagogy applied to STEM education introduces new learning 

objectives, mainly related to the achievement of critical thinking skills, 

problem solving abilities and the development of a flexible mindset in order 

to face effectively and adaptively each possible real-life challenging situation. 

Within this paradigm, several innovative educational programs for secondary 

and tertiary students are focused on understanding the problem and being 

flexible in finding possible solutions (Moraes et al., 2021). The challenge is 

how to verify whether these competences have been acquired. In this 

condition, it is necessary to put students in the most suitable context for 

playing out what they have learned: the alternation of several more traditional 

assessment strategies may be useful, such us the development of project 

proposal, the analysis of essays and reflection papers (Emami, Bazzocchi & 

Hakima, 2020). In addition, more innovative and active methods, like problem-

based learning tasks, can be integrated in order to encourage students’ re-

elaboration and transformation of knowledge (Rudybiani, Perdana & Elisanti, 

2020). In assessing design process, as indicated by Biggs in the perspective of 

the constructive alignement (1996). The introduction of a protfolio as a tools 

for assessement may be useful to encourage students to adopt the 

perspective of self- and peer- assessement, selecting the elements of the 

learning process and outputs that are most suitable for showing the fulfillment 

of the learning goals. 
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One of the main difficulties in assessing STEM activities based on design-

based pedagogy is the need to consider aspects from different learning 

domains in an interdisciplinary perspective. Which means not merely 

examining the achievement of concepts derived from different disciplines, but 

also to evaluate the integration of these contents in a wider and more holistic 

overview. The context of interdisciplinary learning requires a multifaceted 

view and complete approach while setting and designing the objectives in 

agreement with previous studies. In a meta-analysis about assessment of 

interdisciplinary STEM discipline, Gao et al. (2020) examined findings from 

research focused on assessment practices of STEM discipline. Three kinds of 

assessment framework were considered in examining the articles: 

monodisciplinary, interdisciplinary, and transdisciplinary assessment. The 

monodisciplinary approach to assessment evaluates separately the 

achievement for each discipline. Here, a specific test for each discipline is 

used for assessing the achievement of disciplinary contents, mainly structured 

as multiple-choice questions. In the interdisciplinary perspective, concepts 

and information from various disciplines are linked and integrated in a more 

general framework, in which relations and connections between them are 

highlighted: assessment practices try to address the understanding of these 

relations. Assessment tools are structured in a multidimensional way, including 

both multiple choice questions, open-ended questions to stimulate individual 

reflection, and tasks based on design skills (how to plan or develop a specific 

project or solve a problem within the didactic framework of the disciplines 

examined). The transdisciplinary approach considers the topics and themes 

investigated in a whole perspective, placing specificities of each discipline in 

the background. The most used assessment tools are ability tests, interviews, 

and informal observation. In addition, the learning objectives considered in 

the assessment activities are analyzed: knowledge, skill, practice, and the 

affective domain. Results showed that most of the examined studies focused 

on monodisciplinary knowledge and affective perspective and 

transdisciplinary affective perspectives. Interdisciplinary assessment is less 

used, and it needs a proper theorization and specific assessment models for 

effectively applied it in design-based pedagogy. 

Traditional assessment practices based on structured proofs such as quizzes, 

true/false and multiple-choices questions cannot help teachers in assessing 

the complexity of the learning outputs of an interdisciplinary approach to 

academic knowledge. Structured proofs allow verifying mainly situated 

knowledge rather than high order thinking abilities and competences. This is 

due to the structure of the proofs that ask for a recognition task of the true 

answer rather than reasoning on a specific task. A possible solution for 

planning effective assessment practices in STEM education is to focus on 

practical and authentic tasks involving life-long learning competences, such as 

social skills and problem-solving abilities, as well as the use of disciplinary 
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contents and skills. In authentic tasks pupils are asked to prove proficiency by 

using existing knowledge to solve problems that could be found in real life. 

Authentic tasks make connections between what is learned in the classroom 

and the possible applications in the world outside of the classroom. These 

assessing activities also require the involvement of experts from the 

professional field in which the real tasks has been situated: this would help 

students in understand what could be the possible consequences and the 

impact of their choices, decisions, and proposals on the professional activity in 

a more practial dimension.  

A proposal of assessment using authentic tasks has been made by Mehrabi 

Boshradi and Hosseini (2020), who have developed a pedagogical model for 

designing assessment of authentic activities in engineering disciplines. This 

assessment model focuses on collaborative learning and encourages students 

to put into practice their reflective skills. It includes four main phases: 1) 

define what the demands of the workplace are; 2) use the design approach to 

make students’ reach the planned learning outcomes; 3) plan and develop the 

assessment activities; 4) define assessment guidelines, which should include 

how to perform the tasks, what the learning goals, evaluation criteria and 

scoring procedures are. The model has been built up by considering the 

characteristics of effective assessment activities, which should be based on 

authentic activities that students could encounter during their professional 

activity after graduation. Moreover, it should foster the development and the 

use of cognitive and metacognitive skills using collaborative learning tasks.  

Authentic learning assessment tasks could be useful for examining the 

learning achievement of university students involved in didactic programs in 

STEM disciplines. Such kind of assessment allows one to critically reflect upon 

contents and abilities learned in an interdisciplinary framework. To integrate 

these practical activities of evaluation, traditional assessment tasks can be 

proposed, with the support of ICT (information communication technology) 

tools. The use of automated systems in on-line assessment can improve the 

design and planning of laboratory tasks and tests in STEM disciplines in higher 

education. For example, Tmienova and Sus (2020) designed, planned, and 

proposed an algorithm for component analysis, that could be used for 

automatizing the online assessment of mathematics discipline (algebra, 

physics, natural sciences) in higher education, that require the use of specific 

equations and formulas. The system is based on an interdisciplinary 

perspective, which encourages students to find the interrelations between the 

single disciplines involved. 

One of the most relevant learning objectives in design-based pedagogy is 

related to the development of problem solving (see Chapter 2) and critical 

thinking skills (see Chapter 4). To reflect critically is a key competence that, 
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however, is not easy to be assessed effectively. On the contrary of social 

attitude towards collaborations and positive interrelations with peers in the 

learning process (Berasetegi et al., 2020; Mehrabi Boshrabadi & Hosseini, 

2020), to assess the level of achievement of problem-solving skills and critical 

thinking is more complex, since very few assessing tools have been developed 

for examining them. One of the most used ways is to encourage students to 

put them into practice, involving them in problem-based tasks, where they can 

face challenges from real life situations (Rudybiani, Perdana & Elisanti, 2020). 

However, these tasks required specific competence from the teacher, who has 

to be prepared for evaluating the level of students’ learning achievement 

objectively.  

5.3.  Findings: European Examples of Design-Based Pedagogy Assessment  

Design has been introduced in STEM education in the US since the late 1990s 

(Labov et al., 2009). From this period, several projects have been developed to 

promote an interdisciplinary approach in STEM education not only in North 

America (Emami et al., 2020; Moraes et al. 2021; Vaughn et al. 2020) but also 

in some Asian countries (Rudybiani et al., 2020).  

More recently, the interdisciplinary approach to STEM disciplines has also 

been adopted in some European countries, and several educational 

experiences based on design pedagogy have been developed. Although most 

of them are related to academic disciplines in human sciences area or 

linguistic literacy (Berasetegi et al., 2020; Luka, 2019), some are introducing 

the design-based pedagogy to STEM education (El Masri et al., 2021) and to 

teachers’ training. This pedagogical framework has been applied in different 

school grades and levels, with references to secondary (El Masri et al., 2021) 

and university students. In addition, the topic of professional development of 

teachers has been considered, addressing training for pre- and in-service 

teachers (Demirkol & Kilic, 2020). From these examples, it has emerged that 

the design thinking process helped students in sustaining their motivation 

toward learning and encouraged cooperation and interactions among them. 

The assessment was based on different tasks, including self- and peer 

assessment practices of transversal skills, which often used open-ended 

questions for encouraging students’ reflection about their educational 

experience (Luka, 2019). 

Considering the application of design-based pedagogy in secondary school 

education, El Masri et al. (2021) examined the introduction of the Brandon’s 

Matrix for understanding scientific methods in face to face lessons within the 

Science curricula for secondary students (14-15 years old). This theoretical 

framework has been used in order to encourage students to reflect critically 

on scientific disciplines. However, the assessment practices reflected more 

traditional evaluating strategies, as they were planned as open questions 
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related to different scientific tasks based on Brandons’ Matrix (manipulative 

hypothesis testing, non-manipulative parameter measurement, non-

manipulative hypothesis testing, manipulative parameter measurement). 

Although the assessement questions proposed real situation that should be 

analyzed and solved by students, critical thinking was stimulated only in part, 

since assessment tasks still rely on memorization and reproduction of 

concepts. Results reflected the partial achievement of the learning objectives: 

students found this kind of assessment very difficult, and they seemed not to 

have fully understood the characteristics of the different scientific methods 

proposed. This study highlighted the need to rethink not only teaching 

practices, but also to renovate and integrate assessment strategies.  

With reference to university students, several research studies underlined the 

potential impact that assessment strategies based on design-based pedagogy 

and on an interdisciplinary approach may have in supporting students’ 

achievement (Biasutti, & EL-Deghaidy, 2012, 2015). Transversal skills such as 

cooperative skills and social competences, critical thinking and abilities 

related to problem solving should be used in a way that develops awareness 

(Berasategi et al., 2020; Jeong, Gonzalez-Gomez and Prieto, 2020; Luka, 2019). 

This pedagogical framework has been applied to different academic 

disciplines (social sciences, linguistic studies, and some scientific disciplines) 

proving that it is particularly effective in supporting the learning process and 

the achievement of university students. Assessment strategies should give not 

only the possibility to assess students’ learning, but also to make them aware 

of the paths they have done, what they have achieved and how they put these 

achievements into practice in real life. Berasetegi et al. (2020) proposed a 

case-study learning method for groups of Spanish students in an 

interdisciplinary perspective. Students form different fields (psychology, 

educational sciences, ...) worked together in a design planned tasks for finding 

possible solutions to a critical case proposed. Case-study methodology 

seemed useful for enhancing interdisciplinary perspective among university 

students, promoting also transversal skills related to reflect, think critically and 

act metacognitively. Learning outcomes assessment considered cooperative 

learning, participation, motivation, and interdisciplinary perspective. Specific 

self-assessment multiple choice items were proposed to participants, in order 

to increase their awareness about their learning process.  

With specific references to scientific disciplines, Jeong et al. (2020) examined 

the educational impact of a science course, based on a flipped and sustainable 

paradigm integrated in Moodle, that consisted of three theoretical lessons and 

one workshop on Spanish university students and prospective primary 

teachers. The online based formative assessment can enhance pre-service 

teachers’ motivation and engagement towards teaching STEM subjects. This 
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kind of assessment seemed also to foster interpersonal relationships with 

learners and instructors. Findings showed that these teaching and assessment 

practices are very useful to empower primary teachers pre-service training 

towards teaching STEM subjects. Benefits can also be found for in-service 

teachers, as reported by Demirkol and Kilic (2020), who considered a training 

course for primary Turkish teachers, where an innovative system of 

assessment that can be applied to all the school disciplines (including 

scientific ones), was presented. An online system was available for both 

teachers and students in order to collect all the evidence about assessement, 

as a kind of virtual portfolio, that could easily accessed by teachers, students, 

families and administrators. This virtual space for collecting the products of 

different assessement activities may integrate traditional assessement tasks 

(written exams, grades, etc.) with more qualitative feedbacks (fromtechers and 

self-and peer assessment tasks) to offer a shared space for enhancing the 

formative function of assessement. This framework was based on design 

pedagogy and allowed teachers to make the assessment process more 

flexible; it also promoted students’ self-assessment and critical reflection 

about their learning process.  

In general, findings showed that design-based pedagogy may have a positive 

impact on encouraging a significant learning experience for secondary and 

university students. However, it has to be noticed that as teaching practices 

should be adapted and renovated within this perspective, the traditional 

assessment process should also be integrated and modified in order to 

respond to the new learning objectives. To extend this perspective, it is also 

important to work on the training of prospective teachers, for equipping them 

with all the competences and tools for implementing design pedagogy in all 

school grades, including primary education.  

5.3.1. Practical Implications and Further Directions 

Considering assessment practices in design-based pedagogy applied to STEM 

education, some reflections could be made. Assessment strategies in design-

based pedagogy reflect the need to rethink the role of teachers and students 

in the assessment process, to make it more effective in encouraging an 

authentic learning experience. 

First, the new pedagogical framework of pedagogy of design implies new 

challenges for teachers, who have to get acquainted with new teaching 

methodologies and assessing practices. This reflects on the need to introduce 

these topics on the initial training of primary and secondary teachers and for 

university staff. Teachers need to be able to evaluate students’ learning not 

only in terms of the right solution, but also in terms of having followed 

acorrect design process and having reached an effective and reasonedsolution 

(Magiante & Gabriele-Black, 2020). To help educators to develop the proper 
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competences for orienting their STEM classes towards an interdisciplinary 

approach based on design pedagogy, several educational methodologies have 

been planned, such as the Group-Level Assessment approach reported by 

Vaughn, Jaquez, Deters, and Boards (2020). The Group-Level Assessment 

approach could help students in empowering their skills, acquiring social and 

collaborative competences. It is a flexible approach that can effectively be 

used both in teaching and assessing practice in scientific disciplines for 

secondary students. For supporting teachers in their professional 

development and fostering a design approach where the same type of 

pedagogy is used for teacher students, also the definition of professional 

learning community may be useful (Magiante & Gabriele-Black, 2020), where 

participants may discuss and share ideas about the teaching methodologies in 

STEM education. In these contexts, teachers may become aware of the 

conceptions of their students about engineering, maths, physics, and other 

scientific disciplines, and about the professional roles associated with them. 

Teachers themselves have to become aware of their misconceptions or doubts 

related to the concepts of the disciplines and correct them in order to make 

their teaching practices effective. The issues of empowering educators’ 

competences in adopting a design pedagogy for STEM education reflects also 

in the higher education context. In their analysis of faculty staff in the STEM 

departments in a Lebanese university, Sabat et al. (2020) found that, although 

participants seemed to rely mainly on traditional teaching practices, new 

approaches were emerging. University professors tried to introduce new 

assessment approaches based on problem-solving and critical reflection, and 

encouraged self-assessment practices among students. 

While discussing assessment in STEM teaching, another core aspect is related 

to the role that students should adopt in the assessment process. If the 

design-based pedagogy encourages a more active and autonomous role of 

learners than traditional approaches, the assessing strategies should reflect 

and incorporate this perspective. Evaluation activities based on self-

assessment and peer- assessment strategies may be effectively proposed in 

class, for supporting learners in critically revising their learning process and 

outcomes and helping classmates to focus on their educational experience. 

These methods may enhance students’ collaborative skills offering occasions 

to reflect upon the core aspects of the learning process and outcomes (Adachi 

et al., 2018). Peer-assessment can be used for enhancing students’ learning 

process through peer feedback. Anonymity in peer assessment may help 

students to express their real opinions about classmates’ performance, giving 

honest, effective and constructive feedback to others not only at the end but 

along all the course, and developing their own individual metacognitive skills 

(Wang, 2020).  
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Considering all these dimensions, two main reflections could be made: 

Teachers should be supported in the achievement of necessary competences 

for proposing assessment tasks that may encompass the traditional 

disciplinary perspective and focus on a more interdisciplinary view of 

assessment and evaluation. This should involve teachers from all school 

grades in order to promote interdisciplinary thinking starting from primary 

school.  

Students should be encouraged to adopt a more active role in the assessment 

process, in which they can self-regulate their learning process and critically 

revise their learning outcomes and products (see Chapter 2 and 3 activity 

examples). Opportunities for collaborating and sharing ideas among 

classmates should be created, in terms of collaborative learning tasks and 

peer-assessment strategies. 

In this analysis, one main issue has emerged, related to the definition of 

effective assessment tools. It regards the search for proper and standardized 

tools for assessing interdisciplinary learning, which could integrate 

contextualised strategies and tools, where target groups, learning goals, 

achieved comtences are taken into account. While content knowledge may be 

effectively assessed with disciplinary and transdisciplinary tests and exams, it 

is not so easy to assess problem-solving skills, critical thinking abilities and 

attitude to cooperative learning. In some research studies, instruments were 

developed ad hoc for collecting data about these factors (El Masri, Erduran, 

Ioannidou, 2021; Bersategi et al., 2020; Rudybiani, Perdana, Elisanti, 2020), or, 

in other cases, assessment tasks were evaluated through self-assessment 

practices (Luka, 2019). However, there is a lack of validated instruments for 

assessing interdisciplinary learning, which can encompass the issue of 

subjectivity in evaluation, making it difficult to compare the impact of 

interventions and models proposed.  

In general, the interdisciplinary approach integrated in STEM disciplines 

teaching has highlighted the need to rethink the role and competences 

required to teachers and the role of students in the assessment process. In 

addition, in many cases the evaluation was focused on the ouputs of the 

courses rather on the competencies and skills develped by students and in 

several cases no precise evaluation was developed as presented in the 

previous chapters. We argue that assessing the activities is a fonfamental step 

for veryfying the results and to testify the achievemtns. Most of previous 

studies as well as the studies presented in the previous chapters were coused 

on assessing the final products of the students and a competence-based 

evaluation is missing in this scenario. In addition, it has shown the lack of 

standardized instruments for assessing transversal skills such as problem 

solving and critical thinking that can be used for evaluating both students’ 
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learning process and the effectiveness of teaching practices. In analyzing 

previous literature, few instruments have been developed for assessing skills 

related to reflecting upon and co-constructing knowledge. The Reflection 

Questionnaire of Kember et al. (2000) has been developed for assessing 

reflecting thinking among universities students. It is based on the distinction 

made by Mezirow (1991) about acting based on reflection and non-reflection 

and it includes four subscales (Habitual action, Understanding, Reflection, 

Critical reflection), each of them related to a different level of reflection in 

acting. To assess the ability to creates and use knowledge, Darroch (2003) 

developed the Knowledge Management Questionnaire, which consists of three 

subscales (Knowledge acquisition, Knowledge dissemination, Responsiveness 

to knowledge), which represents the three main features of the cognitive 

process of knowledge development. Considering this process, Biasutti and El 

Deghaidy (2012) developed a questionnarie for assessing knowledge 

management in e-learning environments; the instruments considers the main 

stages that characterize this process, from knowledge creation to knowledge 

internalisation. These instruments may be considered as a starting point for 

planning assessing strategies in design pedagogy applied to STEM disciplines. 

5.4.  Design-Based Pedagogy Application at Padua University 

Currently at the University of Padua, interdisciplinary projects have been 

implementing, with particular references to teachers’ training. Biasutti and El-

Deghaidy (2012) proposed an interdisciplinary collaborative activity for 

prospective primary teachers, who have to design an interdisciplinary project. 

The aim of this task was to promote the achievement of the main competence 

of knowledge management and to help students reflect critically on their 

learning process and outcomes. The task was developed online, through the 

Moodle platform and using tools such as Wiki. The activity lasted about five 

weeks, where participants could work asynchronously. They were required to 

plan an interdisciplinary project that could be applied in primary or 

preparatory school, respecting some specific criteria: the title, a brief summary 

of the project (abstract), the disciplines involved, which should include STEM 

disciplines, grade level involved, number of hours (classes), implementation 

phases, objectives, competences, contents of the activities, teaching/learning 

strategies, tools/material and student assessment tasks. Results showed that 

participants developed all the abilities and competences that are included in 

the process of knowledge management. They also improve their attitude to 

think critically, work collaboratively and to give value and respect others’ work.  

In the University of Padua an interdisciplinary approach applied to some 

disciplines, including STEM disciplines, will be proposed in an academic course 

for training primary school teachers. The research unit of Padua in the 

academic year 2021/2022 will implement a series of initiatives within the P2D 
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Erasmus+ project. These initiatives will be proposed to students of the Master 

Degree course in Primary Education which trains primary school teachers. In 

particular, pedagogy design activities will be proposed to students of the first 

years who will be asked to design educational activities at an interdisciplinary 

level considering a STEM discipline and another subject of the curriculum. The 

course in which the training activities will be proposed will be a Methodology 

course with a total of nine credits; this course will include more than 200 

trainee teachers in primary school training. The design activities will take place 

in the second semester of the lesson and will aim at the development of skills 

related to interdisciplinary design with particular emphasis on the STEM 

disciplines and transferable skills such as critical thinking and design-based 

pedagogy. The activities will be based on design-based pedagogy framework 

in a learner-centred approach, and they will adopt project-based and 

collaborative learning strategies, encouraging students to reflect upon the 

contents and the relations between disciplines working collaboratively. The 

activities will ask students to face real situations that they will meet in they 

future educational professional activitiy. The development of the 

aforementioned skills will be measured through both standardized tools and 

assessment tests specially built by the Padua research unit. Learning 

objectives will be focused on enhancing students’ critical thinking skills, 

attitudes to work collaboratively, and problem-solving skills. The achievement 

of learning objectives will be assessed with instruments specifically 

developed for this task. The plan of the activities is reported in detail below. 

Learning Goals & Planning Design 

 Complete the design challenges/products 

 Reflect upon the contents of the course; 

 Select the information considering the specific task; 

 Applying course contents to real life tasks considering the specific 

context and features of the situation; 

 Integrate contents from different subjects in an interdisciplinary 

perspective; 

 Considering different aspects at the same time; 

 Work collaboratively to reach a common goal. 

Design-Based Pedagogy Approach 

 Project-based learning, in which students should engage in the design 

of a product that could be applied in a primary school class; 

 Learner centred approach, for encouraging students in assuming an 

active role in their learning process.  

Type of Task 

 After completing the design products, students should work in small 

groups (from 2 to 4 members) for plan a didactic module that could be 

implemented in preparatory or primary school. The module should be 
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based on an interdisciplinary perspective, proposing tasks that should 

link different disciplines for presenting a specific theme to the 

students. The module will reflect on how students connect a learning 

environment to design challenges/products. Students would define 

learning objectives and the proper task for promoting their 

achievement, indicating also teaching strategies and assessment 

practices that would be used.  

Duration 

 The course will last a semester. The design project will be proposed to 

the students after the first part of the course, they have three weeks 

for attending the workshops and create the project. Finally, students 

will complete learning modules. 

Multiple Perspectives (MP) 

 Critical thinking skills; 

 Problem-solving abilities; 

 Metacognitive competences; 

 Team-work skills. 

Teaching Strategies 

 Lecture, theoretical classes to present the contents of the course;  

 Workshops; more practical and interactive, to introduce the 

methodology for design the project, analysed the educational context 

in which it would be implemented, select the main themes, define 

learning objectives, competences promoted, duration, activities, 

teaching and assessment practices. Collaborative learning tasks, where 

students have to cooperate for preparing the assigned project. 

Assessment Process 

 The design products were assessed considering the critical thinking 

(see Chapter 2 and 3). As elaborated in Chapter 4, evidence based 

reasoning will play an important role in assessing design products. 

 The design process will be assessed in trem of competences promoted 

through a self-report questionnaire on knowledge management (see 

Chapter 6).  

 The achievement of course contents will be assessed with activities 

such as written essays and the qualitative evaluation of the final 

product of the collaborative task, in terms of presence of all the 

indicators needed for a didactice module for primary school, 

originality, proper contextualization of the proposal, level of 

integration of various tasks, level of integration of the different 

subjects considered. The qualitative evaluation of the design product 
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will be discussed with the students, to help them develop self-

assessment competences. A rubric will be used by teacher for 

assessing the design process and the development of critical thinking 

skills (see Chapter 6).  

 The level of acquired transversal skills will include aspcects such as 

critical thinking, self-efficacy and self regulated learning will be 

assessed with specific close-ended instruments (see Chapter 6). More 

specifically, considering critical thinking, a questionnaire will be 

developed, based on other existing instruments for assessing 

reflecting skills, [e.g. Reflection Questionnaire by Kember et al. (2000)].  

 The learning environment (module) will be assessed by how design-

based pedagogy is implemented by using the activity framework 

presented in Chapter 4 (see Chapter 6).  

5.5.  Conclusion 

The current analysis of the main issues related to assessment practices in 

design-based pedagogy applied to STEM education has been guided by some 

questions, as the ones reported in the Introduction section: 1) What should be 

evaluated? 2) How to assess the learning objective and the learning process? 3) 

What is the role of students in the assessment process? 

The first question, What should be evaluated?, has been focused on what 

should be considered as the objects of the assessment process. In this 

perspective, the evaluation of learning should consider not only disciplinary 

contents and related skills, but also transversal abilities and skills that are 

needed for finding solutions to real life problems. In addition, issues such as to 

face challenging situations with a flexible approach, to transform knowledge, 

and to cooperate with peers for reaching a common goal have to be 

considered (Berasategi et al., 2020; Rudybiani, Perdana & Elisanti, 2020). The 

second question, How to assess the learning objective and the learning process?, 

may find possible answers: the way in which the achievement of these 

learning objectives can be assessed is to integrate assessing tasks traditionally 

proposed in class for assigning grade (tests, written and oral exams,..) with 

activities that can involve learners in reflecting upon complex solutions, very 

similar to problems they could experience in real life contexts (Mehrabi 

Boshradi, & Hosseini, 2020). Problem-based tasks, collaborative projects, and 

discussions, focus groups, and simulations may offer the proper condition to 

put students’ skills through their paces. ICT tools may be useful in planning 

assessment tasks that stimulate students to think in an interdisciplinary way to 

the contents and skills they have acquired in class (Tmienova and Sus, 2020). 

The pedagogical nature of these tasks also offers an answer for the third 

question, What is the role of students in the assessment process?, implying a 

more active role of learners, who have to develop self-regulation abilities and 

reflective attitudes towards their learning process. All these elements of 
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innovation require teachers to be prepared to implement and adopt them 

properly within their classes. It is crucial to propose professional development 

opportunities for teachers and educators, for helping them in developing 

awareness and teaching and assessing competences.  
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CHAPTER 6 

P2D Activity and Assessment Framework 

All Partners 

 

All chapters in this book provided a review of the design-based pedagogy 

related with the goals of the P2D (Progression and Pedagogy of Design: 

Contextualizing Design-based Pedagogy in Teacher Education Programs) project. 

Chapter 1 presented the need for a new definition (Design Based Pedagogical 

Content Knowledge [DPCK]) after reviewing the design-based pedagogy studies 

with a bibliometric approach. Chapter 2 underlined the scarcity of ill-structured, 

complex and dynamic design challenges. While adding to the dearth of 

examples in European teacher education studies, Chapter 3 stressed out that 

digital design products are commonly used in K-12 education. Chapter 4 

reviewed critical thinking from disciplinary and STEM (science, technology, 

engineering, mathematics) education studies. Chapter 5 also examined STEM 

education studies from an assessment viewpoint. Connected with earlier 

chapters, Chapter 4 and Chapter 5 added new dimensions to the gap in teacher 

education.  

In the following academic year, P2D project partners will investigate this gap 

in four different universities. In the closing chapter, we would like to 

summarize our ideas for the activity and assessment framework. 

6.1.  P2D Activity Framework 

P2D activity framework was developed by our partners in Universidade de 

Santiago de Compostela (USC). The framework was revised in several meetings 

and other partners also updated their existing activities using the activity 

framework presented in Table 6.1. 

Table 6.1. P2D Activity Framework: Dimensions for CT Development in Design-Based 

Pedagogy 

Dimensions & 

Subdimensions 

Features/Description  

Learning goals  

& planning design  

Make explicit the design challenge/products and the 

need for exercising CT to engage in the process of 

design through the articulation of scientific practices. 

Make CT in the learning goals. 

Find learning goals supporting integration and 

connection of interdisciplinary knowledge.  

CT integration CT is integrated using a mixed approach to integrate 

three dimensions of scientific knowledge (disciplinary 



148/DESIGN BASED PEDAGOGY BOOK 

core ideas, crosscutting concepts and 

scientific/engineering practices). Thus, CT should be 

embedded in the activities, but also made explicit so 

that students understand what CT is and how it is used. 

Design-based pedagogy 

approach 

PBL (Problem-based learning): The design challenge 

requires students to generate a product to solve a real-

world problem/dilemma, integrating knowledge from 

diverse disciplines and CT and scientific practices.  

Type of Task Open-ended and ill-structured tasks are appropriate for 

the practice of CT in articulation with scientific and 

engineering practices. 

Duration of the task Medium, long-term interventions/activities  

Design context/learning environment 

Multiple perspectives (MP) Encourages different views and even conflicting 

opinions among students. 

Critical voice (CV) Make students think that questioning other students’ 

opinions is beneficial and necessary. 

Evidence -based reasoning 

and interdisciplinary 

thinking (EI) 

Encourages the use of diverse pieces of data/ evidence 

that requires knowledge from diverse disciplines.  

Decision-making (DM) The task requires making critical decisions based on 

reasons and knowledge from diverse disciplines. 

Meta-reflection on 

knowledge and CT skills (MR) 

The task engages students in thinking about their 

knowledge and thinking about their CT. What do I know 

about this and what do I need to articulate?  

Discern between information 

and opinions (DIO) 

Using criteria to evaluate media information and 

distinguish between the real and the fake. 

Peer negotiation (PN)  The tasks and the learning environment require students 

to argue and interact with each other. During peer 

negotiation, students need to assess the arguments 

provided by their classmates.  

Uncertainty (UN) The context/activity helps students to see that 

knowledge, ideas and positions are conditional and not 

definitive, thus CT is exercised.  

Students' role  Completing the connected design challenges/products. 

Teachers' support 

 

The teacher teaches the students how to think critically. 

Open questions are raised by the teacher and 

help/feedback is provided according to the students’ 

demands.  

Assessment process  CT is integrated into the assessment process by 

providing students with evidence about the integration 

and connection of interdisciplinary knowledge and their 

CT development according to the learning goals.  
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6.2.  P2D Assessment Framework 

The biggest difference of P2D project is to change the emphasis on 

completing the design products to creating a learning environment around 

design products. Previous studies focused primarily on completing design 

products. This project aims to change the emphasis on the learning 

environment created around the design products. When applying the 

pedagogy of design, different teacher education programs will test how pre-

service teachers can complete design challenges when creating a learning 

environment.  

In our bi-monthly meetings, as a group we continuously discussed how we can 

create a new assessment tool that measures design products together with the 

learning environments. Our assessment proposal presented under Table 6.2 is 

a joint effort. By using the P2D activity framework, and questions posed by 

Eindhoven University of Technology (TU/e) and Dokuz Eylul University 

partners, we created a generic assessment framework. This new assessment 

framework provided a detailed roadmap for teacher educators in the design 

process. P2D assessment framework starts with creating design challenges and 

continues with the design process (Step 1 to 7). When assessing the learning 

environment we decided to emphasize more on critical thinking and Step 8 

presents the questions for the learning environment. P2D assessment 

framework ends with assessing the interdisciplinary learning environments 

aligned with critical thinking. As presented by Padua University partners, these 

are our initial efforts and we will test these ideas and offer new assessment 

tools during the implementation.  

Table 6.2. P2D Assessment Framework for Design-Based Pedagogy 

Step 1 Orientation 

Why do we need/ want a design challenge? 

What do we want to accomplish (learning goals and/ or organizational goals)? 

What is known from literature about design challenges? 

Step 2 Analysis of the target group 

For who do we design a design challenge? 

What is the expected level of the students involved? 

How experienced are these students in this type of projects? 

Step 3 Requirements 

 How can you make it interdisciplinary? 

 Is critical thinking a learning goal? 
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 What class of challenge are we aiming at (static-dynamic; well structured- ill 

structured; simple-complex)? 

 What other requirements must the course fulfil? 

Step 4 Evaluating examples 

What examples of design challenges/ design based courses do we know? 

How do they fit or not fit to our purpose? 

Step 5 Developing design challenges 

Making a list of possible assignments/ ways of working 

Step 6 Choosing the best option 

Which of the ideas in step 5 is most promising/ best fit to the requirements 

Step 7 Feedback and testing cycle (Receiving feedback on the concept version and 

improving the products)  

What are your design constraints? 

Which parameters do you think will be effective for your design? 

What evidence do you have that you are working on these parameters? 

What criteria do you use before deciding which design is better? 

What materials, skills & tools do you use to create the prototype? 

How do you ensure the quality of your prototype and determine whether it satisfies 

your original goal? 

How can you make this product better in the future?/What is already good, what might 

be better? 

What have you learned from others’ designs developed for the same challenge? 

Step 8 Planning the learning environment supporting design-based pedagogy 

Describing the learning environment setup. Detailing the course documents 

(description of assignment/ study guide/ assessment tools/ teacher manual/ etc.). Find 

learning goals supporting integration and connection of interdisciplinary knowledge. 

Make CT in the learning goals. 

Preparation: What resources are needed (materials/ space)? Preparing teachers for their 

role (teacher training/ briefing?) 

How to integrate three dimensions of scientific knowledge (disciplinary core ideas, 

crosscutting concepts and scientific/engineering practices)? 

How to include CT and interdisciplinary connections in the learning environment? 

 How does the learning environment encourage different views and even 

conflicting opinions among students? 
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 How does the learning environment support students’ developing opinions 

from different disciplines? 

 How does the learning environment encourage use of data/ evidence that 

requires knowledge from diverse disciplines? 

 How do the activities require making critical decisions based on reasons and 

knowledge from different disciplines? 

 How do the tasks engage students in thinking about their knowledge and 

thinking about their critical thinking?  

 How do different tasks help students articulate their ideas from different 

disciplines?  

 How do the tasks/activities require students to argue and interact with each 

other?  

 How do the tasks/activities help students to see that knowledge, ideas and 

positions are conditional and not definitive in different disciplines? 
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