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Design science in Engineering Education Research 
 

Introduction 

 

Design science, design research, design-based research, design science research, and design 

experiments are terms used by different research communities to describe a somewhat similar 

process. In this inquiry process new knowledge is created through application of scientific 

theories, and systematic design, as well as collecting evidence of the quality and results of the 

design process. Probably the most known articulation of this process was presented by 

Herbert Simon in his book The Sciences of the Artificial published for the first time in 1969 

[1]. Simon suggested that the paradigm of design science is much applied in engineering.   

 

Even though design-based research is included in the taxonomy of keywords for engineering 

education research as one of the twenty-six terms under the category of research methods  

[2], [3], one rarely sees the engineering research explicitly described in those terms.  

In the early 2000s, the ideas of design science were actively discussed in many disciplines 

outside engineering. In management sciences, the design science approach was suggested to 

be a valuable addition to contemporary research methodologies [4], and in information 

systems research it was argued to be one of the two paradigms characterizing the research in 

the field [5]. In learning sciences, the concept was introduced already in the 1990s, and a 

decade later a vivid discussion continued regarding the role and added value of design 

experiments, design research, and design-based research for educational research [6], [7], [8], 

[9]. 

 

Both in the management science and learning sciences, the need for design science is justified 

with bridging of practice to theory, thereby advancing practices alongside theories. In 

learning sciences, the design experiments are seen as a means of studying learning 

phenomena in the real world instead of the laboratory, thus arriving at better understanding of 

the contextual aspects or learning and enabling the establishment of better learning 

conditions. Like educational research in other disciplines, also engineering education research 

(EER) often aims at improving the learning environments and learning conditions of students. 

 

Although design science may not be an explicitly known research paradigm to many 

engineering educators, many of its principles are implicitly present in engineering research 

and thus familiar to them. This creates a potential for bridging not only educational theory 

and practice, but also practices of engineering education research and engineering research. 

However, for design science to be a useful tool for engineering education researchers, there 

needs to be some level of shared understanding about the meaning and use of central 

concepts and the nature of the inquiry process. Moreover, the differences between design 

science as a research method and engineering design as the content or method of teaching 

should be acknowledged. This research aims to contribute to these aspects at both the 

theoretical and the empirical level. 

 

This paper presents a systematic literature review of the explicit use of the design science 

methodology in engineering education research. In addition to understanding how widely the 

approach is known within the community, the study explores how this research approach is 

used, described, and justified in the EER literature. First, the concept of design research as a 

research methodology is discussed at a general level and with respect to engineering 

education research. Then, the methodology applied and the process of inquiry are described. 

After that, the results of the systematic literature review are presented and discussed. Finally, 



the paper is concluded with some recommendations regarding the use of the design science 

approach in engineering education research. 

 

Design, science, and research 

 

Design, science, and research relate to each other in multiple ways. Cross [10] distinguishes 

between scientific design, science of design, design as a discipline, and design science. In his 

terms, scientific design refers to the modern design practice, where design activity is based on 

scientific knowledge. The science of design, on the other hand, refers to activities of 

scientific inquiry that improve our understanding of design. For Cross, design as a discipline 

means design studied on its own terms and within its own culture. Finally, by design science 

he refers to a rational and systematic approach to design, which not only uses the scientific 

knowledge of artifacts but, in some sense, is a scientific activity in and of itself.  

 

Although Cross states that the concept of design science as a scientific activity is 

controversial and challenged by many designers and design theorists, it seems to be accepted 

by many scientists, who have perceived the opportunities of creating scientific knowledge 

through the combination of processes of systematic design and inquiry. Hevner et al. [5] 

describe the research on information systems as a process consisting of two complementary 

phases. First, behavioral science defines the identified business need through the 

development and justification of theories, and then, design science meets the identified needs 

through building and evaluation of artifacts [5]. In management science, Van Aken [4] 

perceives design science research objectives as tested and grounded technological rules, 

whose creation includes the processes of discovering the rule, by grounding it in scientific 

knowledge and testing its effectiveness. Holmström, Ketokivi, and Hameri  [11] view the 

knowledge creation process in design science for operations management as a process 

whereby a solution is first created and then studied to develop a formal theory. 

 

In educational science, the development of a new methodology based on studying educational 

interventions originated in the 1990s [7]. The methodology was originally called design 

experiments. Design experiments used a progressive refinement approach in which the 

original design is revised “until all the bugs are worked out” [7]. However, refining the 

practice alone was not sufficient, but the study also had to address theoretical questions and 

aim at simultaneously developing both theory and practice. The Design-Based Research 

Collective [6] chose to use the term design-based research methods instead of design 

experiments to “avoid invoking mistaken identification with experimental design, with 

studies of designers, or with trial teaching methods” [6]. Further, they stress that design-based 

research goes beyond just designing and testing interventions by having interventions to 

embody theoretical claims about teaching and learning, and the research of interventions 

contributing to these theories. 

 

Design science bears many similarities to action research, and it has even been suggested to 

be totally similar [12]. Action research has been characterized as “an umbrella term for a host 

of activities intended to foster change on the group, organizational, and even societal levels” 

[13]. As illustrated above, also design science is a broad term with different foci and 

emphases depending, e.g., on discipline and type of intervention. Hence, also the question of 

similarity or dissimilarity between action research and design science depends on how both 

methodologies are understood and what aspects are considered. In the Lewinian tradition, 

action research typically involves participants as research teams who address problems in 

their surroundings, and act as co-researchers who engage in a reflexive dialogue with the 



actual researchers [13]. This aspect of action research is not essential in design science, where 

participants may be just users of the created artifacts or pupils engaging normally in class-

room activities. In a similar vein, Iivari and Venables analyze the paradigmatic assumptions 

behind action research and design science research and conclude that there may be no 

significant overlaps between the two research methodologies [14] 

 

Design science and engineering education research 

 

Engineering design is a central part of engineering curricula and engineering educators 

constantly design learning environments, learning experiences, and teaching practices. 

Traditions like Mudd Design workshops have brought together “engineering faculty, with 

important intellectual content on a variety of topics in engineering design education” for 

more than twenty years [15]. These communities are likely to be interested in scientific 

design as the content of engineering education or an instruction method, the science of design 

in improving the methods of engineering design, or engineering design as a discipline with 

specific traditions and culture. Nevertheless, design research as a framework to study 

engineering educators’ own teaching (in the field of engineering design) is but one option 

among the engineering education research methodology. 

 

Design science does not appear to have a strong presence among the explicit research 

methods or methodologies applied in engineering education research. Neither does it show up 

in the academic discussions about the methodologies appropriate for engineering education 

research [16], [17], [18]. It seems, however, not entirely unknown to the engineering 

education research community and was addressed for example in the special issue of the 

European Journal of Engineering Education on research methodologies that link theory and 

practice [19], [20], [21]. In a mapping study of applications of the Maker movement in 

electrical engineering education, Martinez-Lopez [22] discovered twenty peer-reviewed 

journal articles or conference papers following the design-based research approach published 

between 2000 and 2018. However, the interpretation of the research method as design-based 

research was done by the author of the mapping study and not the researchers reporting the 

original studies, and hence, it cannot be deducted how explicit the use of the methodology 

was. 

 

Further evidence of the implicit presence of design science in engineering education research 

can be found from the research of Malmi et al.  [23]. In their methodological analysis of 

research papers in the European Journal of Engineering Education, they discovered that the 

most commonly used research strategy was constructive research, which was used in 28% of 

the papers. The researchers defined constructive research as “research that aims to 

demonstrate and/or evaluate the feasibility of a proposed idea” [23]. Constructive research 

was found to be more typical for case reports than empirical papers. The reporting of 

methodology was considered weak in all the papers, with only 14% of the papers explicitly 

presenting and discussing methodology, but even weaker in case reports than in empirical 

papers. [23] All this implies that research strategies with features of design science are 

employed in engineering education research, but rarely named or discussed explicitly. 

 

Researchers explicitly referring to the use of design science methods in their engineering 

education research have at least two different rootings of the method: some reference mainly 

the methodology discussions in educational science [20] whereas others ground their inquiry 

process more in the design science literature from the engineering design or information 



systems design research [19]. The extent to which the researchers show familiarity with the 

use of design research in different disciplines varies. 

 

Methods 

 

The systematic literature search proceeded by steps common to most literature review 

methods as identified by Dresch et al. [24]. The process started with the definition of the 

conceptual framework and the review question: How widely and in what manner is design 

science used as a research method in the engineering education research literature? A 

research strategy was devised, and the search conducted accordingly. The strategy is outlined 

in Fig. 1. After the eligibility judgement of the search results, the primary studies were coded, 

the results were synthesized, and the quality of the results was assessed.  

 

 
 

Fig. 1. Information search strategy for a literature review adapted from Dresch et al. [24] 

 

The authors’ core organization offers its staff a wide variety of high-quality research 

databases. Therefore, processing of the literature review started with selecting the most 

comprehensive search sources. To find applicable research literature, the search was 

originally planned to cover the Scopus, EBSCO Academic Search Elite, and Emerald 

Journals databases and the authors’ core organization’s library portal LUT Primo.  

The selected sources have a wide coverage of research literature and engineering science. 

Scopus is a comprehensive scientific, medical, technical, and social science abstract and 

citation database. EBSCO Academic Search Elite is a general academic index that indexes 

thousands of magazines and journals from every academic discipline and provides thousands 

of full-text articles. Alternatively, Emerald Journals gives access to peer-viewed full text 

articles on a wide variety of topics including engineering. LUT Primo is the information 

retrieval portal of LUT University. It offers access to the LUT Academic Library printed and 

electronic collections and all databases available for the LUT scientific community.  

 

The first searches were performed in Scopus and LUT Primo using five queries: 

"design experiment*" AND "engineering education" 

"design research*" AND "engineering education" 

"design science*" AND "engineering education" 

"design-based research*" AND "engineering education" 

"design science research*" AND "engineering education" 



The search terms were derived from the design research literature in different disciplines. 

 

Scopus and LUT Primo were searched without limiting the time frame. The Scopus search 

covered the abstract, title, and keywords while the LUT Primo search looked for the search 

terms in all available data. Scopus, as well, allows the searcher to browse all available data, 

but that kind of search returns also hits where the search terms are, e.g., in the journal title 

while the document itself does not discuss the desired topic. Alternatively, LUT Primo does 

not allow an explicit search in the abstract, title, and keywords. Therefore, “All available 

data” was the only option to focus the search. 

 

In addition to Scopus and LUT Primo, the same searches were performed in the EBSCO 

Academic Search Elite and Emerald Journals databases. The retrieved contents of the 

references in EBSCO and Emerald did not discuss higher education and were therefore 

classified as irrelevant for the purposes of this paper. Search results showed that Scopus 

returned significantly more conference papers than peer-reviewed articles in nearly all the 

queries. However, in LUT Primo results the conference paper/peer-reviewed article ratio was 

the opposite: there were more articles than conference papers in the result sets. The search 

results are presented in Table 1. 

 

Table 1. Search results from different databases by the search terms used 

 

AND “engineering education” Scopus 

articles 

LUT Primo  
articles 

Scopus 

conferences 

LUT Primo conferences 

"design experiment*" 19 183 91 24 

"design research*" 32 529 163 87 

"design science*" 15 246 49 29 

"design-based research*" 34 140 101 40 

"design science research*" 6 39 6 3 

 

The aim of this research is to discuss the use of design science methodology in engineering 

education research. To find research papers and to avoid retrieving unrelated documents, such 

as practice papers, theory to practice papers, and work in progress papers, the searches were 

limited to journal and review articles. 

 

Scopus offers practical tools for limiting search sets to journal and review articles. However, 

although LUT Primo allows limiting to peer-reviewed journals and to article as the 

publication type, the search tool does not support limiting to abstract, title, and keywords, and 

therefore, the result is not in line with the Scopus result. A comprehensive supply of scientific 

literature references in Scopus and its effective search tools led to the decision that the 

searches are performed solely in Scopus. 

 

The database search resulted in 98 peer-reviewed journal articles, which were then screened 

for the research method used and the educational target group (research scope) to ensure that 

only papers using design science as a research method and papers dealing with some form of 

engineering education were included. As computer science and computer engineering are 

often difficult to separate, also the studies of computer science teaching were considered 



engineering education. The selection procedure is illustrated in Fig. 2, and the final sample 

included 32 peer-reviewed journal articles. 

 

 
 

Figure 2. Flowchart for article selection 

 

In the final analysis, the papers were screened for their year of publication, the publication 

journal, the origin of the authors by the home country of their institution, the target group of 

the presented educational intervention, and the appearance and use of the design science 

search terms in the text. 

 

Results 

 

The analysis of the final sample of 32 peer-reviewed journal articles resulted in the following 

findings. These primary studies are listed in Appendix 1. The timeline of the articles starts 

from 2005, with only a very moderate growth for more than ten years and a more substantial 

increase in past three years. As the literature search was conducted in autumn 2020, when all 

the papers published in 2020 were not yet available, it is likely that the number for 2020 does 

not represent the full number for that year. Using the Scopus “Analyze search result” tool, the 

number of yearly published research articles (2010–2019) using the query “design science” 

AND “engineering education” and the number of articles retrieved by a search using the 

phrase “engineering education research” were compared. From Fig. 3, we can deduct that 



some of the growth can probably be related to the growth of the publication volumes. 

However, the number of articles in the sample is still so small that no reliable conclusions of 

the publishing trend or the explanations behind it can be presented. 

 

 
 

Figure 3. Peer-reviewed EER journal articles (left vertical axes) vs. peer-reviewed EER 

articles (right vertical axes) using design science methodology for the period of 2010–2019 

  

The articles were published in twenty different journals with six journals having published 

more than one of the articles in our sample. The journals and the distribution of articles are 

shown in Table 2. It should be noted that three of the articles were published in a special 

issue of the European Journal of Engineering Education on research methodologies that link 

theory and practice. About two-thirds of the articles presented interventions conducted in 

university-level engineering education. Seven of the studies were related to computer science 

and six to teaching engineering subjects in primary or secondary education (K-12 

engineering). One of the articles addressed a study conducted in higher engineering education 

and computer science, and one presented a study involving both higher-level and K-12 

engineering education. 

  

  



Table 2. Summary of the final analysis results of the articles included in the study 

 

Publication Journal   Scope of intervention  

European Journal of Engineering Education 6  Engineering education 21 

Computer Applications in Engineering Education 3  Computer Science 7 

International Journal of Engineering Education 3  K-12 engineering 6 

IEEE Transactions on Education 2   34 

Journal of Engineering Education 2    

Journal of Systems and Software 2  

Location of the authors' 
institution(s)  

Advances in Engineering Education 1  Europe 13 

British Journal of Educational Technology 1  North America 12 

Computers and Education 1  Asia 10 

Design Studies 1  South America 1 

Early Childhood Education Journal 1   36 

Education for Chemical Engineers 1    

Educational Technology and Society 1  Terms used for DS  

IEEE Transactions on Learning Technologies 1  design-based research 20 

Journal of Information Technology Education: Innovations in Practice 1  design experiment 10 

Journal of the Learning Sciences 1  design research 10 

Lecture Notes in Computer Science 1  design science research 4 

Mathematics 1  design science 3 

Telematics and Informatics 1   47 

ZDM - Mathematics Education 1    

 32  Use of DS methodology  

   Explicit 19 

   Implicit or Unclear 8 

   Combined 5 

    32 

 

The papers came from all over the world. The geographical background of the author was 

assigned according to the location of the home institution of the authors. In twenty-eight 

papers, all the authors came from institutions in the same country. Four papers had several 

authors, from two different countries. Six of the European papers came from the Nordic 

countries, and with one exception, the North American papers came from the USA. Eight of 

the Asian papers originated from the Far East and two from the Middle East. 

 

The use of terminology to define or describe the research approach was diverse. All the 

search terms used were present, with eleven papers featuring more than one of them and 

twenty-one papers sticking to one of the terms. One paper introduced all five search terms 

used and explained their usage with respect to each other. The other papers using more than 

one of the search terms contained several kinds of combinations of usually two of the terms. 

Hence, no two terms seem to be especially strongly related to each other. The use of different 

terminology does not appear to correlate strongly with the publication time, although the 

oldest papers—published before 2011—may contain somewhat more variation and parallel 

use of several terms than the newer ones. The terminology does not appear connected to the 

continents or different educational scopes either. However, the K-12 papers are missing the 

terms design science and design science research. 

 



In nearly two-thirds of the papers, the design science was clearly explicated as the main 

research approach, methodology, or method. Five papers described the method used as a 

combination of design research with something else, usually a case study. In two of these 

papers, the design science seems to refer to a development of an information system or a 

computer application, which is then studied by means of a case study. In two other papers, 

the design science terminology appears to relate to a design of a teaching intervention, and in 

the last paper, possibly to design of both, pedagogical design of a tool and an intervention. 

Eight of the papers were somewhat unclear as to how the research was actually conducted. 

These were categorized as implicit or unclear. Most of these papers carried no references to 

the literature of design science methodology in any scientific discipline. In one of the papers, 

the term design research seems to refer to “science of design” [10] and in another paper, the 

term design experiment is used to describe a design task done by the pupils, not the 

educational design of the intervention. In two of the implicit/unclear cases, the design science 

terminology seems to refer to an information system or tool used in teaching, in four cases to 

a pedagogical model or learning tasks used, and in two of the cases the use of the term was 

expressed so vaguely that it could not be characterized at all. 

 

Discussion 

 

It seems that design science is a research approach or research methodology somewhat 

known also in engineering education research all over the world. It is used to study higher 

engineering and computer science education but also the K-12 education of these disciplines. 

Although the approach is not very widely used—at least by its name—recent years have 

shown increasing numbers of publications using the methodology. Martinez-Lopez observed 

a moderate increase in the interest of the academic community in design-based research on 

Maker activities in electrical engineering education since 2012 [22]. In her study, however, 

the mapping of design-based research studies was done based on the researcher’s 

interpretation about the nature of the research, and thus, the studies in her sample were not 

necessarily explicitly conceptualized as design research studies by the authors. Together, 

these studies suggest a moderate increase both in the use of design research methodology in 

engineering education research and in awareness of the terminology and the methodological 

literature around the method. 

 

Many engineering education papers published about a decade ago were observed to follow a 

constructive research strategy, which aims at testing and evaluating constructs [23]. Another 

implication of the existence of studies representing design science approach in engineering 

education research are the conference paper categories reserved for this kind of papers. For 

example, the ASEE Educational Research Methods division invites evidence-based practice 

papers, which “provide analysis of one or more engineering education practice, including 

teaching approaches, instructional technology uses, and institutional strategies to support 

student success and its implications for engineering educators “ [25] and the SEFI Annual 

Conference invites concept papers “presenting ongoing projects and completed studies of 

practice in engineering education” [26]. Greater familiarity with design science research 

methods could help advance this kind of practical studies into more rigorous research.  

 

Currently, the terminology used to describe and define the research approach used in design 

science studies is diverse and originates from several disciplinary backgrounds. No apparent 

links between the geographical origin or the intervention scope of the study and the design 

science terminology used or the disciplinary background could be detected, although the K-

12 papers seem to link more often to the design science literature used in educational sciences 



and do not refer to design science literature in information systems research or management 

science. In fact, the management-science-related design science methodology literature is not 

referred in the papers of our sample at all. The use of terminology is further complicated by 

the issue that in addition to the design science methodology for inquiry, the terms like design 

experiments or design research can sometimes refer to other things, such as engineering 

design tasks for students, research on engineering design, or pedagogical approach for 

teaching design.  

 

One of the major limitations of this study is that the sampling of papers was restricted to 

those journal articles that contained certain design-research-related terms. Thus, the studies 

actually using the method but not calling it such were excluded from the search unless they 

simultaneously used the search terms for some other purpose. In our categorization, these 

formed the group of implicit or undefined cases, which contained a quarter of the final 

sample papers. In reality, it is likely that there are many more of these kinds of studies, as can 

be deducted, e.g., from the Martinez-Lopez study, which found twenty papers only in the 

realm of electrical engineering education. Excluding the conference papers from our search 

has most probably also left out many studies applying design science methodology. One more 

obvious limitation is to restrict the search to papers written in English. This may also distort 

our observation of the use of the method being relatively evenly distributed globally. 

 

Conclusions and implications 

 

Based on our study, we suggest that design science is a feasible research approach and 

methodology also in engineering education. Greater awareness of the methodology and the 

methodological literature around it could help especially many starting engineering education 

researchers elevate their concept and practice studies into more rigorous research. As 

contemporary engineering education research often finds itself in the crossroads of 

engineering design, pedagogical design, information systems, and even organizational 

management, a systematic development of the design research methodology based on 

experiences and ideas from other disciplines could result in an efficient tool for engineering 

education research, which could also be easy to relate for educators with an engineering 

background. To clear the terminological jungle around the research methodology and other 

issues combining design, research, and education, we would suggest creating a glossary and 

hope that our study can be of use in that. 

  



References 

[1] H. A. Simon, The Sciences of the Artificial. (3. ed.), MIT Press, Cambridge (MA), 1996. 

[2] C. J. Finelli, M. Borrego and G. Rasoulifar, "Development of a Taxonomy of Keywords 

for Engineering Education Research," Journal of Engineering Education, vol. 104, (4), pp. 

365–387, 2015. DOI:10.1002/jee.20101. 

[3] C. Finelli. EER Taxonomy Version 1.2. Available: 

http://taxonomy.engin.umich.edu/taxonomy/eer-taxonomy-version-1-2/. Retrieved: 8.4.2021. 

[4] J. E. v. Aken, "Management Research Based on the Paradigm of the Design Sciences: The 

Quest for Field-Tested and Grounded Technological Rules," Journal of Management Studies, 

vol. 41, (2), pp. 219–246, 2004. DOI: 10.1111/j.1467-6486.2004.00430.x. 

[5] Hevner et al, "Design Science in Information Systems Research," MIS Quarterly, vol. 28, 

(1), pp. 75–105, 2004. DOI: 10.2307/25148625. 

[6] R. C. The Design-Based, "Design-Based Research: An Emerging Paradigm for 

Educational Inquiry," Educational Researcher, vol. 32, (1), pp. 5–8, 2003. DOI: 

10.3102/0013189X032001005. 

[7] A. Collins, D. Joseph and K. Bielaczyc, "Design Research: Theoretical and 

Methodological Issues," Journal of the Learning Sciences, vol. 13, (1), pp. 15–42, 2004. 

DOI: 10.1207/s15327809jls1301_2. 

[8] D. C. Edelson, "Design Research: What We Learn When We Engage in Design," Null, 

vol. 11, (1), pp. 105–121, 2002. DOI: 10.1207/S15327809JLS1101_4. 

[9] W. A. Sandoval and P. Bell, "Design-Based Research Methods for Studying Learning in 

Context: Introduction," Educational Psychologist, vol. 39, (4), pp. 199–201, 2004. DOI: 

10.1207/s15326985ep3904_1. 

[10] N. Cross, "Designerly Ways of Knowing: Design Discipline versus Design Science," 

Design Issues, vol. 17, (3), pp. 49–55, 2001. DOI: 10.1162/074793601750357196. 

[11] J. Holmström, M. Ketokivi and A. Hameri, "Bridging Practice and Theory: A Design 

Science Approach," Decision Sciences, vol. 40, (1), pp. 65–87, 2009. DOI: 10.1111/j.1540-

5915.2008.00221.x. 

[12] P. Järvinen, "Action Research is Similar to Design Science," Quality & Quantity, vol. 

41, (1), pp. 37–54, 2007. DOI: 10.1007/s11135-005-5427-1. 

[13] L. Dickens and K. Watkins, "Action Research: Rethinking Lewin," Management 

Learning, vol. 30, (2), pp. 127–140, 1999. DOI: 10.1177/1350507699302002. 

[14] J. Iivari and J. Venable, "Action research and design science research - seemingly 

similar but decisively dissimilar," in 17th European Conference on Information Systems, 

Verona, 8–10 June 2009. 

http://taxonomy.engin.umich.edu/taxonomy/eer-taxonomy-version-1-2/


[16] J. M. Case and G. Light, "Emerging Methodologies in Engineering Education 

Research," Journal of Engineering Education, vol. 100, (1), pp. 186–210, 2011.  

[17] M. Koro‐Ljungberg and E. P. Douglas, "State of Qualitative Research in Engineering 

Education: Meta‐Analysis of JEE Articles, 2005–2006," Journal of Engineering Education, 

vol. 97, (2), pp. 163–175, 2008. DOI: 10.1002/j.2168-9830.2008.tb00965.x. 

[18] C. Baillie and E. P. Douglas, "Confusions and Conventions: Qualitative Research in 

Engineering Education: Confusions and Conventions," Journal of Engineering Education, 

vol. 103, (1), pp. 1–7, 2014. DOI: 10.1002/jee.20031. 

[19] A. K. Carstensen and J. Bernhard, "Design science research–a powerful tool for 

improving methods in engineering education research," European Journal of Engineering 

Education, vol. 44, (1-2), pp. 85–102, 2019. DOI: 10.1080/03043797.2018.1498459. 

[20] A. Hira and M. M. Hynes, "Design-based research to broaden participation in pre-

college engineering: research and practice of an interest-based engineering challenges 

framework," European Journal of Engineering Education, vol. 44, (1-2), pp. 103–122, 2019. 

DOI: 10.1080/03043797.2017.1405243. 

[21] J. Lönngren, T. Adawi and M. Svanström, "Scaffolding strategies in a rubric-based 

intervention to promote engineering students’ ability to address wicked problems," European 

Journal of Engineering Education, vol. 44, (1-2), pp. 196–221, 2019. DOI: 

10.1080/03043797.2017.1404010. 

[22] R. Martinez-Lopez, "Maker in electrical engineering education based on emergent 

technology: Mapping study," Revista Iberoamericana De Tecnologias Del Aprendizaje, vol. 

14, (4), pp. 135–144, 2019. DOI: 10.1109/RITA.2019.2950137. 

[23] L. Malmi et al, "How authors did it - a methodological analysis of recent engineering 

education research papers in the European Journal of Engineering Education," European 

Journal of Engineering Education, vol. 43, (2), pp. 171–189, 2018. DOI: 

10.1080/03043797.2016.1202905. 

[24] A. Dresch, D. P. Lacerda and J. A. V. Antunes, "Systematic literature review," in Design 

Science Research: A Method for Science and Technology Advancement, A. Dresch, D. P. 

Lacerda and Antunes Jr, José Antônio Valle, Eds., Springer International Publishing, 2015. 

DOI: 10.1007/978-3-319-07374-3_7. 

[25] Educational Research and Methods Division (ERM) Call for Abstracts 2021 Annual 

Conference & Exposition. Available: 

https://www.asee.org/uploads_public/conferences/session_owner/call_for_papers_file/0000/2

361/2021_ASEE_ERM_Call_for_Abstracts.pdf. Retrieved: 19.2.2021. 

[26] SEFI Annual Conference 13-16 September 2021, Calls & Submission. Available: 

https://sefi2021.eu/index.php/calls-submission/. Retrieved: 19.2.2021. 

 

  

https://www.asee.org/uploads_public/conferences/session_owner/call_for_papers_file/0000/2361/2021_ASEE_ERM_Call_for_Abstracts.pdf
https://www.asee.org/uploads_public/conferences/session_owner/call_for_papers_file/0000/2361/2021_ASEE_ERM_Call_for_Abstracts.pdf
https://sefi2021.eu/index.php/calls-submission/


Appendix 1. Primary papers of the literature review 

 

Alvarez, C., Alarcon, R. & Nussbaum, M. 2011, "Implementing collaborative learning 

activities in the classroom supported by one-to-one mobile computing: A design-based 

process", Journal of Systems and Software, vol. 84, no. 11, pp. 1961-1976. 

 

Anthony, A.B., Greene, H., Post, P.E., Parkhurst, A. & Zhan, X. 2016, "Preparing university 

students to lead K-12 engineering outreach programmes: a design experiment", European 

Journal of Engineering Education, vol. 41, no. 6, pp. 623-637. 

 

Ata-Aktürk, A. & Demircan, H.Ö 2020, "Supporting Preschool Children’s STEM Learning 

with Parent-Involved Early Engineering Education", Early Childhood Education Journal, . 

Barbero, M., Gómez-Chacón, I.M. & Arzarello, F. 2020, "Backward reasoning and epistemic 

actions in discovering processes of strategic games problems", Mathematics, vol. 8, no. 6, pp. 

989. 

 

Bernhard, J. 2010, "Insightful learning in the laboratory: Some experiences from 10 years of 

designing and using conceptual labs", European Journal of Engineering Education, vol. 35, 

no. 3, pp. 271-287. 

 

Carstensen, A.K. & Bernhard, J. 2019, "Design science research–a powerful tool for 

improving methods in engineering education research", European Journal of Engineering 

Education, vol. 44, no. 1-2, pp. 85-102. 

 

Charlton, P. & Avramides, K. 2016, "Knowledge Construction in Computer Science and 

Engineering when Learning Through Making", IEEE Transactions on Learning 

Technologies, vol. 9, no. 4, pp. 379-390. 

 

Ertas, A., Greenhalgh-Spencer, H., Gulbulak, U., Baturalp, T.B. & Frias, K.M. 2017, 

"Transdisciplinary collaborative research exploration for undergraduate engineering 

students", International Journal of Engineering Education, vol. 33, no. 4, pp. 1242-1256. 

 

Fagerholm, F., Hellas, A., Luukkainen, M., Kyllönen, K., Yaman, S. & Mäenpää, H. 2018, 

"Designing and implementing an environment for software start-up education: Patterns and 

anti-patterns", Journal of Systems and Software, vol. 146, pp. 1-13. 

 

Habib, E., Deshotel, M., Guolin, L.A.I. & Miller, R. 2019, "Student perceptions of an active 

learning module to enhance data and modeling skills in undergraduate water resources 

engineering education", International Journal of Engineering Education, vol. 35, no. 5, pp. 

1353-1365. 

 

Hira, A. & Hynes, M.M. 2019, "Design-based research to broaden participation in pre-

college engineering: research and practice of an interest-based engineering challenges 

framework", European Journal of Engineering Education, vol. 44, no. 1-2, pp. 103-122. 

 

Krüger, M. & Diercks-O'Brien, G. 2013, Cooperative and self-directed learning with the 

learning scenario VideoLearn: Engineering education using lecture recordings. 

 



Liu, W., Tan, R., Peng, Q., Li, H., Li, Z. & Yang, B. 2020, "Impact of TRIZ learning on 

performance in biologically inspired design", International Journal of Engineering 

Education, vol. 36, no. 3, pp. 974-987. 

 

Lönngren, J., Adawi, T. & Svanström, M. 2019, "Scaffolding strategies in a rubric-based 

intervention to promote engineering students’ ability to address wicked problems", European 

Journal of Engineering Education, vol. 44, no. 1-2, pp. 196-221. 

 

Minichiello, A., Armijo, D., Mukherjee, S., Caldwell, L., Kulyukin, V., Truscott, T., Elliott, 

J. & Bhouraskar, A. 2020, "Developing a mobile application-based particle image 

velocimetry tool for enhanced teaching and learning in fluid mechanics: A design-based 

research approach", Computer Applications in Engineering Education, . 

 

Naukkarinen, J. & Sainio, T. 2018, "Supporting student learning of chemical reaction 

engineering using a socially scaffolded virtual laboratory concept", Education for Chemical 

Engineers, vol. 22, pp. 61-68. 

 

Newstetter, W.C. 2005, "Designing cognitive apprenticeships for biomedical engineering", 

Journal of Engineering Education, vol. 94, no. 2, pp. 207-213. 

 

Ng, O.-L. & Chan, T. 2019, "Learning as Making: Using 3D computer-aided design to 

enhance the learning of shape and space in STEM-integrated ways", British Journal of 

Educational Technology, vol. 50, no. 1, pp. 294-308. 

 

Nickerson, J.V. 2006, "Teaching the integration of information systems technologies", IEEE 

Transactions on Education, vol. 49, no. 2, pp. 271-277. 

 

Rae, A. & Samuels, P. 2011, "Web-based Personalised System of Instruction: An effective 

approach for diverse cohorts with virtual learning environments?", Computers and 

Education, vol. 57, no. 4, pp. 2423-2431. 

 

Rafique, M.U., Mohammed, A.M., Li, S., Khan, A.T. & Kadry, S. 2019, "Integrating open-

source tools for embedded software teaching: A case study", Advances in Engineering 

Education, vol. 7, no. 3. 

 

Salam, M., Awang Iskandar, D.N., Ibrahim, D.H.A. & Farooq, M.S. 2019, "Technology 

integration in service-learning pedagogy: A holistic framework", Telematics and Informatics, 

vol. 38, pp. 257-273. 

 

Sandhu, R. & Sood, S.K. 2015, "A commercial, benefit driven and secure framework for 

elearning in cloud computing", Computer Applications in Engineering Education, vol. 23, no. 

4, pp. 499-513. 

 

Smith, R.C. & Iversen, O.S. 2018, "Participatory design for sustainable social change", 

Design Studies, vol. 59, pp. 9-36. 

 

Sood, S.K. & Singh, K.D. 2019, "Optical fog-assisted smart learning framework to enhance 

students’ employability in engineering education", Computer Applications in Engineering 

Education, vol. 27, no. 5, pp. 1030-1042. 



Spelt, E.J.H., Luning, P.A., van Boekel, M. A. J. S. & Mulder, M. 2015, "Constructively 

aligned teaching and learning in higher education in engineering: what do students perceive 

as contributing to the learning of interdisciplinary thinking?", European Journal of 

Engineering Education, vol. 40, no. 5, pp. 459-475. 

 

Squire, K. & Klopfer, E. 2007, "Augmented reality simulations on handheld computers", 

Journal of the Learning Sciences, vol. 16, no. 3, pp. 371-413. 

 

Strawhacker, A., Sullivan, A., Verish, C., Bers, M.U. & Shaer, O. 2018, "Enhancing 

children's interest and knowledge in bioengineering through an interactive videogame", 

Journal of Information Technology Education: Innovations in Practice, vol. 17, pp. 55-81. 

 

van der Wal, N. J., Bakker, A. & Drijvers, P. 2019, "Teaching strategies to foster techno-

mathematical literacies in an innovative mathematics course for future engineers", ZDM - 

Mathematics Education, vol. 51, no. 6, pp. 885-897. 

 

Walker, E.B., Boyer, D.M. & Benson, L.C. 2019, "Using Studio Culture to Foster Epistemic 

Change in an Engineering Senior Design Course", IEEE Transactions on Education, vol. 62, 

no. 3, pp. 209-215. 

 

Weber, N.R., Strobel, J., Dyehouse, M.A., Harris, C., David, R., Fang, J. & Hua, I. 2014, 

"First-year students' environmental awareness and understanding of environmental 

sustainability through a life cycle assessment module", Journal of Engineering Education, 

vol. 103, no. 1, pp. 154-181. 

 

Yueh, H.-P., Chen, T.-., Lin, W. & Sheen, H.-. 2014, "Developing digital courseware for a 

virtual nano-biotechnology laboratory: A design-based research approach", Educational 

Technology and Society, vol. 17, no. 2, pp. 158-168. 

 


