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Background: Active engagement across a range of methodological frameworks is one hallmark of thriving
scholarly disciplines. Design-based research is one newer approach to education research that holds promise
for developing effective interventions that are iteratively theorized, designed, and tested within local engin-
eering education contexts.

Purpose: To promote engagement with diverse research frameworks, the purpose of this narrative liter-
ature review was to identify, describe, and critically examine emerging use of design-based research in
engineering education. We addressed research questions focused on characterizing the use of design-based
research in engineering education in terms of the a) problems studied, b) interventions designed, c) parti-
cipant populations and learning contexts, d) research methods employed, e) form(s) of the research findings,
and f) limitations of the literature. Furthermore, this work identified current opportunities and challenges of
design-based research for the field of engineering education through analysis of review findings in light of
the authors’ experiences conducting design-based research in engineering education.

Scope/Method: Using established review procedures that included specified database search terms and inclu-
sion criteria, we identified 24 empirical design-based research studies in engineering education. We used qual-
itative content analysis to code study characteristics including nationality, participant population, research
methods, and learning context. We then synthesized and critiqued findings across studies.

Conclusions: In synthesizing key aspects of empirical design-based research studies in engineering education,
this review provides insights into the ways design-based research is being implemented to advance engin-
eering education imperatives and provides a foundation for expanding and strengthening use of design-based
research in future work in engineering education. Opportunities of design-based research for engineering
education include developing local improvements to the field's most persistent and vexing issues (i.e., “wicked”
problems) and realizing the full potential of technology for 21st century engineering education. Challenges
include developing interdisciplinary teams, the need for expertise across multiple research approaches and
methods, funding emergent DBR projects, and disseminating DBR results across the project lifespan.
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Simply said, methodology matters. Broadly defined, research methodology comprises the theoretical rationales and frame-
works that simultaneously link research methods—specific actions to be conducted, tools to be used, and procedures to be
followed—to the ends (i.e., intended outcomes as framed by puzzles, questions, and/or hypotheses) and means (i.e., theoret-
ical underpinnings including ontological and epistemological perspectives) of a research study (Crotty, 1998, p. 3). Clear and
deliberate engagement across a range of methodological approaches is often recognized as a hallmark of thriving scholarly
disciplines. Explicit exposition of methodological decisions within research studies grounds research in accepted practices
for ensuring its quality and signals to the research community how to interpret its findings. Engagement with diverse
methodological options within research fields grows capacity to identify, examine, realize, and deliver effective solutions to
complex and nuanced issues that persist within fields themselves and/or linger at boundaries shared with other disciplines.

The increasing richness and variety of paradigms, perspectives, strategies, and methods represented within the engineer-
ing education research (EER) literature of past decade (2009—-2019) suggest that—despite engineering’s deep post/positivist
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and quantitative roots—EER is shifting toward the opportunities that diverse methodologies offer. Additionally, it signals
a growing understanding within and across the field that engineering education’s most vexing issues, including declining
interest across all levels of education, historically and systematically embedded processes of marginalization and underrep-
resentation, and a seemingly insurmountable education research-to-practice divide, require new ways to conduct and dis-
seminate research so as to impact instructional practice and transform the engineering education system. We (the authors)
contend that design-based research (DBR) is one such approach that holds promise for realizing effective solutions that—by
design—traverse the research-to-practice divide; this contention provided us with the impetus for conducting a narrative
literature review of DBR in engineering education.

Background

What is Design-Based Research?

Arthur Bakker (2019, p. 1, Chapter [, emphasis in original) differentiates DBR from other educational research approaches
saying, “Most educational research describes or evaluates education as it currently is. Some educational research analyzes
education as it was. Design [-based] research, however, is about education as it could be..." DBR is an approach to educa-
tional research wherein the creative and generative processes of design are intimately “intertwined” with the research
process: “The design is research-based and the research is design-based” (Bakker, 2019, p. 2, Chapter I). In other words, DBR
researchers develop practice-ready solutions to educational problems through the design, realization, implementation,
evaluation, and re-design of interventions within authentic learning contexts and in collaboration with key stakeholders
(e.g., students, instructors, administrators, and researchers). As a result, DBR researchers design and realize new learning
environments (e.g., materials, processes, tools, technologies) as they develop theory and test and evaluate intervention
outcomes (Bakker, 2019).

This interweaving of design with research strikes us as being potentially noteworthy for the field of engineering edu-
cation, wherein researchers may often have prior experience and/or interest in the process of design. Kelly (2014, p. 497)
writes how DBR “draws on engineering practices for some of its key values and approaches,” citing as example that the
“inspiration for one of the early stage models for design-based research in education (Bannan-Ritland, 2003) was proposed
by Woodie Flowers, an MIT engineer...” Within the DBR community, design includes both concrete aspects of the design of
objects (e.g., new learning environments, tools, and technologies) as well as more “abstract” and “process-oriented” design
aims (e.g., developing sequences of learning activities or procedures for communication and interaction) (Bakker, 2019, pp.
2-3, Chapter I).

Origins of Design-Based Research

Historically, the growth of DBR has benefited from the efforts of multiple pioneers, including education researchers focused
on curriculum development in the Netherlands (where DBR was known as developmental research) and cognitive psycho-
logists attempting to mitigate the limitations of controlled experiments in education research in the United States (where
DBR was known as design experiments) (see Bakker, 2019; Cobb et al., 2017). Because the origins of DBR are most frequently
traced to two seminal articles (Brown, 1992; A. Collins, 1992) from the field of cognitive psychology, DBR is commonly
referred to as design experiments. However, DBR is internationally recognized by a variety of labels (i.e., development/devel-
opmental research, design experiments/experimentation, education design research, and formative experiments) and has
only recently grown into its new name (Bakker, 2019, p. 2, Chapter I). In 2003, a group of faculty and researchers committed
to theorizing and practicing design-based research in education emerged (The Design-Based Research Collective, 2003)
under the name design-based research proposed by Hoadley (2002); DBR has since become a widely used umbrella term to
designate research approaches that blend the design of educational interventions with educational and learning research.

What Design-Based Research Is Not
In light of many alternative labels for DBR, it is important to clarify what DBR is and what DBR is not. Across the literature,
several characteristics are recognized as essential to DBR studies (The Design-Based Research Collective, 2003, p. 5), includ-
ing the a) goals of designing interventions and developing educational theories about those interventions are intertwined;
b) development and research processes are enacted within continuous cycles of design, implementation, analysis, and
redesign; c) research on designs leads to educational or learning theories (or proto-theories) that convey the implications of
the research to educational practitioners and designers; d) research explains or describes how designs work within authen-
tic contexts with actual learners; and e) research employs the research methods that are appropriate and necessary for con-
necting learners’ design enactment in context to their educational or learning outcomes. Thus, at its core, DBR is the design
of educational interventions and the development of theoretical knowledge about these interventions that, collectively,
result in positive and sustainable change in authentic learning environments.

To ensure the change is both positive and effective, DBR is conducted with educational practitioners and stakeholders
from within the context of interest, as well as in collaboration researchers from other disciplines (Cobb et al., 2003).



Minichiello and Caldwell: Design-Based Research In Engineering Education 33

These intimate collaborations with and between practitioners and researchers are an important way that DBR differs from
other types of intervention research (see Levy & Begeny, 2018; Rothman & Thomas, 1994) used to evaluate an interven-
tion's effects via statistical and logical inferences and a limited number of independent variables (Salkind, 2010). DBR
also differs from other design-oriented research approaches, such as research through design (see Edelson, 2002; Gaver,
2012), wherein knowledge claims and findings are developed directly from designerly insights and thinking processes
that occur during, or as a result of, the realization of prototypes (Stappers & Giaccardi, 2002). Last, due to its commitment
to improving locally relevant educational problems in direct collaboration with local stakeholders, DBR is often linked
to action research. However, while commitments to realizing local change are similar among these approaches, there are
also distinct differences: a requirement for action researchers to be participants in the research endeavor, and a need for
DBR studies to develop theory by iteratively improving the design of a solution to an educational problem, rather than
to develop collective action to improve an undesirable situation or problem as in action research (Bakker, 2019, p. 8,
Chapter I).

Method, Methodology, Approach, or Paradigm?

Within the literature, it is possible to find several unique examples of DBR described as research method, methodology,
approach, and paradigm. Bakker (2019, p. 13, Chapter I) suggests that part of the obscurity that surrounds DBR results from
two causes: a) the lack of “clear-cut categories” in social science research wherein research methods (i.e. techniques) and
approaches (i.e., strategies) can be neatly organized and b) the fact that researchers often conflate the terms research meth-
odology, the science (i.e., the why) behind your research methods (i.e., the how), and research approach. Others (see Kelly,
2004; Sandoval, 2014) suggest that, rather than being classifiable as a single or unique research methodology or approach,
DBR may instead be a methodological framework— a “genre of flexibly [used] .. existing research approaches for the pur-
poses of gaining design based insights and research-based designs” (Bakker, 2019, p. 3, Chapter I).

DBR'’s obscure nature further contributes to its larger critique within the field of education: how can DBR’s “dual com-
mitment to improving educational practice and furthering our understanding of learning processes” practically be accom-
plished (Sandoval, 2014, p. 21)? In other words, what are the steps that DBR researchers use to accomplish context-based
design innovation and theory building at the same time (Phillips & Dolle, 2006)? Kelly (2004) breaks down this critique into
two “problems” for DBR: the “Problem of Demarcation”—is DBR able to present an “argumentative grammar” (p. 118) able
to “differentiate scientific claims from those of pseudoscience” for a generalized population (p. 119)—and the “Problem of
Meaningfulness "—is DBR able to be “hypothesis and framework generating” and thus “contributing to model [i.e., theory]
formulation,” if even at a local level (p. 122)7 Kelly (2004, p. 122) argued that, while the direct contribution of DBR to the
generalization of educational interventions may be limited to influencing the thinking of researchers within similar con-
texts, DBR'’s substantial and important contributions to the building educational theory precede and are foundational to
generalizable contributions. Said another way, the contextualized theoretical insights that are uniquely provided by DBR
studies can subsequently be examined through more scientific (i.e., quasi-experimental) studies in order to provide gener-
alizable findings of DBR work.

Alternatively, Sandoval (2014, pp. 22—23) proposed a technique called conjecture mapping to provide the argumentative
grammar necessary for conceptualizing and undertaking DBR studies in ways that address both problems. As Sandoval
(2014) explains, conjecture mapping is a way of explicitly representing and describing the relationships, in a process map-
like form, between the design and theory-based elements of DBR research. Sandoval (2014) suggests that conjecture map-
ping is one approach for documenting and describing DBR processes systematically and explicitly in order to produce
effective interventions and communicate useful, if not generalizable, design principles and theories on learning to practi-
tioners and other researchers.

Purpose

To promote use of diverse research approaches within the EER community, the purpose of this narrative literature review
was to identify and critically examine emerging use of DBR within EER. Specifically, this review was guided by the following
research question and sub questions a.—f.:

1. How has DBR been implemented within empirical studies in EER?

a. What engineering education problems have been studied?

b. What types of interventions (e.g., frameworks, strategies, environments, tools, policies) have been designed?

c. Which populations (i.e., demographics, ages, grade levels) and learning environments (i.e., formal, informal, face-to-
face, blended, online) have been studied?

d. What research methods have been used?

e. What form do the findings take (design, theoretical, both)?

f. What are the limitations of this body of literature?
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Researcher Positionality

As authors, we identify as white, cisgender female engineering education researchers (one has earned and one is working
toward a doctoral degree in engineering education), engineering educators (we are experienced and involved in teaching
engineering topics to undergraduate or K-12 students), and engineers (we have each earned master’s degrees and particip-
ated in engineering research in our respective disciplines; one of us is a registered professional engineer with over 15 years
working as an engineer in industry). Based on our identities, we acknowledge that each of us brings distinct “insider status”
(Hesse-Biber, 2014), as well as fundamental knowledge of engineering design practices, to this research.

Along with our engineering identities, we acknowledge that we are (both) currently involved in a multi-year, interdiscip-
linary DBR in EER project that served as the impetus to conduct this literature review. We decided to undertake this review
not only to map the current state of DBR in EER and provide recommendations for the field, but also to look more deeply
into the literature as a whole to (perhaps) find some “hidden meaning.” We began this study with hope of developing new
understandings of the nuances of DBR—those not necessarily congruent with our experiences in engineering design prac-
tice, and (perhaps) even uncovering bits of guidance to help us overcome some of the challenges we face in our own DBR
study. To this end, we jointly decided not to include our own DBR articles in this review. Rather, we chose to set aside—as
best we could—our personal DBR experiences as we conducted the review (i.e., research question one). Then, we revisited
the findings using our own DBR experiences as a lens through which to interpret findings from the perspective of engineer-
ing education researchers who approach DBR with engineering-related identities.

Methodology

This narrative literature review provides a comprehensive and critical examination of the emerging use of DBR as a research
approach in EER. Although the advantages of conducting systematic style literature reviews are currently highlighted within
the EER literature (Borrego, et al., 2014, 2015), our review takes the form of a narrative overview style literature review. Nar-
rative overviews, known within the field of medicine as unsystematic (Oxman et al., 1994) or historical (J. A. Collins & Fauser,
2005) reviews, are comprehensive, descriptive syntheses of available published information on a topic of (potentially wide)
interest that are written in an inviting and readable narrative form (Green et al., 2006). As J. A. Collins and Fauser (2005)
describe, nascent and/or interdisciplinary research topics are especially suited to the wide vantage provided by narrative
style reviews. For such topics, the narrow focus and prescriptive methods that define systematic style reviews can become
weaknesses, erasing understanding of historical development provided by narrative threads and limiting the types and
perspectives of sources examined. Narrative style reviews, therefore, offer a unique set of advantages that make them better
suited for certain purposes, such as educating readers on the origins and historical development of emerging ideas and
concepts and for provoking dialog and scholarly debate about new ways of doing and thinking about research through
philosophically-minded critique (Green et al., 2006).

For this study, we chose a narrative review approach for several reasons. DBR first emerged within the fields of education
and learning sciences literature nearly 30 years ago. More recently (i.e., circa 2005), DBR has started to appear within the
engineering education literature. The current DBR literature in engineering education varies in terms of publication scope,
types of disciplinary expertise involved, implementation of the DBR approach and associated methodologies, choice and
use of methods, and reporting and presentation of study findings. Thus, the nascent and interdisciplinary nature of the DBR
in EER literature, as well as a lack of established exemplars, guidelines, standards, or formats within the field that describe
how findings from DBR work should be reported within the literature, led us to select the narrative overview as the appro-
priate methodology for this review.

Methods

Initially, we conducted preliminary searches of several online databases, including ERIC, SCOPUS, and Google Scholar, to
identify and establish the literature. We used these initial searches to define the scope of the published DBR in EER literat-
ure, to refine the topic, and to develop the research questions to be addressed during the review. After completing prelim-
inary database searches, we developed five inclusion criteria to guide our source selection and reduce self-selection bias:

1. The work is a peer-reviewed and published journal article, not including conference papers or dissertations.

2. The work is available in full text. The decision to include only full-text studies reflected our desire to read complete
sources (and not just abstracts) in order to better ensure accuracy in the analysis and reporting.

3. The work is published in English. The decision to include only works published in English reflected our language
skills.

4. The work is an empirical study. We included only empirical DBR studies, and not theoretical or practitioner-based
articles, in keeping with the focus of our research questions. For a source to be considered empirical, it had to include
a description of data sources, methods for data collection (i.e., quantitative, qualitative, or mixed methods) and ana-
lysis, and findings (design findings, theoretical findings, or both) that followed from the analysis.
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5. The work describes an application of DBR in EER. We considered application[s] of DBR in EER’ as studies that were
explicitly named or described as being design-based research. In addition, the work had to involve engineering learn-
ing content, stakeholders, and/or student participants in the design of an educational intervention (e.g., environment,
framework, pedagogy, tool) appropriate for implementation in at least one engineering education learning context
(e.g., K12, undergraduate, or graduate; formal learning settings or informal learning settings such as engineering
outreach events or camps).

After consulting with our departmental academic librarian for assistance, we began formal database searching using
the following search strings: ‘design based research’ + engineering, ‘design based research’ + STEM, ‘design research’ +
engineering, and ‘design research’ + STEM. Along with online databases, we searched individual EER journals, including
the Journal of Engineering Education and Computer Applications in Engineering Education, to locate primary sources.
No date restriction was placed on the searches in order to preserve the developmental history and “narrative thread”
of the topic (J. A. Collins & Fauser, 2005). We began database searching in February of 2020 and stopped searching in
June of 2020.

We agreed that any source that did not meet any one of the inclusion criteria would be excluded from the review. To
ensure accuracy of inclusion with respect to our criteria, both researchers read each source in its entirety and agreed on its
inclusion. In some cases, we deliberated about whether a source should be included. For example, we had several discus-
sions about the study by Langman et al. (2019), which describes development of a tissue engineering curricular module
to increase student understanding of mathematical modeling and scientific concepts. The module was developed using a
DBR approach, employed engineering principles to teach mathematical and scientific concepts, and was published in an
EER journal (i.e., Journal of Pre-College Engineering Education Research). The student population, however, comprised K—12
students in a (non-engineering) summer enrichment program and business and pharmacy technician students in a general
mathematics course. Additionally, the research questions used to guide the study were specific to math and science content
and did not mention the word engineering. This combination of factors caused us to question whether the study truly rep-
resented an empirical application of DBR in EER.

Ultimately, we jointly agreed to include the study based on the knowledge that a) the study employed a DBR approach,
b) the module employed learning concepts and principles from the field of tissue engineering, and c) the module would be
appropriate for use within an informal engineering learning setting at the high school or early undergraduate introductory
engineering levels. As we identified primary sources, we reviewed their reference lists in order to locate additional sources.
Once primary sources had been identified, we conducted qualitative content analysis (Schreier, 2014) of the primary sources
to answer the research questions.

Limitations

This narrative literature review is limited in at least two ways. The primary limitation is researcher bias during source
selection. Researcher subjectivity in selecting sources for inclusion in the review analysis is a common limitation of narrat-
ive style literature reviews (Ferrari, 2015). To mitigate this limitation, we adopted several methods (i.e., forming research
questions and using inclusion criteria) more characteristic of systematic reviews as recommended by several scholars (J. A.
Collins & Fauser, 2005; Ferrari, 2015; Green et al., 2006). Use of these methods helped to reduce source selection bias by
ensuring our source selection decisions were procedurally organized and explicit.

The second limitation, which is common to all literature reviews as forms of secondary research, is reliance on best avail-
able evidence for making claims and providing critique (Ferrari, 2015). In conducting this study, we found that the research
approach known (at that time) to us as design-based research (DBR) was also referred to by other names, including design
research, design experiments, and developmental research (Brown, 1992; Cobb et al., 2003; Kelly, 2014). The multiple ways
that DBR is referred to presented two distinct difficulties during source selection: a) ensuring that studies identified in
database searches were actually empirical applications of DBR and b) judging the extent to which all (or most) published
applications of DBR in EER were identified. To ensure that studies included in the review were empirical applications of
DBR, we developed database search strings using two of the most prevalent ways of referring to DBR (i.e., design-based
research and design research) and then carefully checked the methods sections and reference lists of potential sources to
ensure that a DBR approach was used before deciding to include a source. To increase the number of DBR articles located,
we reviewed the reference lists of primary sources and searched individual research journals and other systematic reviews
of DBR in education (i.e., Anderson & Shattuck, 2012; Zheng, 2015). Despite these actions, however, it is possible that some
empirical applications of DBR in EER were not included in this review.

Findings
In the following section, we first present general trends identified within the selected literature, and then follow with a
presentation of findings related to the research question and sub questions as synthesized across all primary sources.
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General Trends Within the Literature
In this section, we discuss general trends within the DBR in EER literature, including a description of primary source pub-
lication timeline and venues.

Publication Timeline

The publication timeline of identified sources (n = 24) is provided in Figure 1. (Note that primary source data are provided
in the appendix.) Primary sources included in this review were published between 2005 and 2019. The majority of studies
were published after 2010 (Figure 1).

The first published DBR in EER scholarship appeared in 2005-2006 within the context of graduate engineering educa-
tion. The earliest study (Newstetter, 2005) we identified was published in the journal of Engineering Education and described
a multi-year, federally funded DBR project to develop curriculum for a new graduate program in biomedical engineering.!

Curriculum development was guided by the cognitive apprenticeship model of learning in the form of problem-based
learning, as is used extensively throughout medical school education. The purpose of this study was to help students
become integrative thinkers by bringing disparate disciplinary content (i.e., biology, chemistry, engineering, computer sci-
ence) and skills together in an authentic problem-based learning environment (Newstetter, 2005, p. 207). Design experi-
ments were conducted directly with Ph.D. students (i.e., seven students in the first year) who were enrolled in the program
over several years.

The following year, Huang et al. (2006) published a study in Innovate: Journal of Online Education that described develop-
ment and implementation of a graduate level software engineering course based on an open source software development
(OSSD) model. Like Newstetter (2005), Huang et al. (2006) implemented DBR directly with students enrolled in a graduate
course (19 students). The purpose of the study was to develop a project-based learning curriculum to replicate the mul-
tidisciplinary, dynamic, and team-based characteristics of software engineering as it occurs in practice.

By 2010, DBR studies emerged within both undergraduate and K—12 engineering education contexts (Figure 1). Although
DBR scholarship within graduate engineering education contexts waned after 2011, DBR scholarship grew steadily within
undergraduate and K-12 contexts. Our data suggest that DBR in EER scholarship within undergraduate and K—12 con-
texts can be characterized as international; we identified ten studies originating outside the United States from countries
including Australia, Canada, Cost Rica, Hong Kong, Spain, Sweden, Taiwan, and the United Kingdom and the United States
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Figure 1: Engineering Education Contexts of Primary Sources (n = 24) Identified Publication Year.
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(see appendix). The international quality of this literature contrasts with a predominant U.S. presence in educational DBR
research as reported in other reviews (i.e., Anderson & Shattuck, 2012) and may signal a unique characteristic of DBR in EER
scholarship.

Primary sources also represent a wide array of engineering disciplines (i.e., agroindustry, biomedical, chemical, civil, com-
puter, electrical, and mechanical engineering and computer science) and topics (i.e., biomechanics, design, mechanics,
nano-biotechnology, sustainability, and transportation) and engage several types of participant groups (i.e., first-year under-
graduates; second-year undergraduates; teaching assistants, faculty; engineers, engineering employers and supervisors, ele-
mentary, middle, and high school students; K—12 teachers; and instructional design and disciplinary content experts) (see
appendix). Todd et al. (2011), for example, conducted DBR with participants comprising undergraduate engineering stu-
dents, engineering and cooperative education faculty, and cooperative employers and supervisors to design an online com-
munity to support cooperative students in engineering. Others (Hardré et al., 2010) employed DBR with 17 K12 teacher
participants to understand the elements of teacher learning and transfer that are important for effective implementation of
science and engineering applications in their elementary and middle school classrooms.

Publication Venues

The primary sources in this review comprise 24 articles published in a variety of peer-reviewed journals that were categor-
ized into five topic areas: a) engineering education, b) science education, c) online education, d) technology in education, e)
general topics in education. Figure 2 presents the number of primary sources identified in each topic area.

Approximately one-half (11/24) of primary sources were published in engineering education journals (i.e., Journal of
Engineering Education, European Journal of Engineering Education, Journal of Pre-College Engineering Education Research,
and Chemical Engineering Education). This finding suggests that DBR is gaining acceptance as a rigorous research approach
within the EER community. A single article (1/24) was published in a journal devoted to science education (i.e., Physical
Review Physics Education Research), which suggests that use of DBR may be emerging within engineering education
research independent of its use in science education research. The remaining articles were published in journals focused on
online education (2/24) (i.e., International Review of Research in Open and Distance Learning, Journal of Online Education),
technology in education (7/24) (i.e., Journal of Educational Technology and Society, Journal of Computers and Education,
Journal of Education Technology Research and Development, International Journal of Technology and Design Education, IEEE
Transactions on Learning Technologies, and the Journal of Interactive Learning Environments), and topics that apply more
generally within the field of education (3/24) (i.e., Journal of Higher Education, Teacher Education Quarterly, and Journal of
Cooperative Education and Internships).

Number of Primary Sources Indetified

2
| |||||||
0 -
engineering education science education online education technology in education general topics in

education

Focus of Journal

Figure 2: Journal Focus of Primary Sources (n = 24).
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Interestingly, one-half of the primary sources were published in journals focused on the type of intervention or
learning environment (e.g., online learning environment, educational technology, learning community framework for
cooperative education) rather than the disciplinary focus of the research (e.g., engineering education). This finding sug-
gests that there are multiple outlets for publishing DBR in EER research, including both the premier journals in EER as
well as online and educational-technology-focused journals. This finding can provide researchers with a level of con-
fidence that DBR in EER studies are viewed as publishable within several research communities and at several levels of
scholarship.

Trends within the Literature Related to the Research Question
To answer the research question and sub-questions, we examined primary sources to understand how DBR has been imple-
mented within empirical EER studies.

What Engineering Education Problems Have Been Studied?

We first looked across the data to understand the larger engineering education issues addressed by each primary source. As
shown in Figure 3, we categorized issues addressed by the primary sources as a) engineering professional skill development
(n = 12); b) teaching and learning assessment in engineering (n = 5); c) student learning of engineering content knowledge
(n = 4); d) improvement of interest, perceptions and participation in engineering (n = 3).

One-half (12/24) of the studies sought to develop an intervention to improve engineering professional skill development.
Engineering professional skills addressed by these studies were thematically grouped into three subcategories, including
interdisciplinary and open-ended problem solving skills (n = 3), experimental inquiry and laboratory skills (n = 3), and
design and teaming skills (n = 6).

Improvement of interest, perceptions, and
participation in engineering

Student learning engineering content

Teaching and learning assessment in
engineering

Engineering professional skill development
(open-ended problem solving, experimental
inquiry, design, and teaming)

01 2 3 4 5 6 7 8 9 10 11 12

Number of Primary Sources Identified

Figure 3: Engineering Education Issue Addressed by Primary Source (n = 24).

What Types of Interventions Have Been Designed?
We categorized DBR interventions into two types: interventions that require use of technology or Internet access and those
that do not.

Technology and Web-Based Interventions. As shown in Table 1, approximately 40 percent (10/24) of the primary
sources described development and/or use of technology or web-based interventions. These interventions include techno-
logy-based experiments, laboratory activities, and learning environments; web-based tools for classroom instruction; digital
and online courseware; online courses; and online course and community environments.
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Table 1: Technology and Web-Based Interventions Developed using Design-Based Research.

Author (year)

Technology or Web-based
Intervention

Issue Addressed

Huang et al. (2006)

0SSD online course environment and curriculum for
graduate students in software engineering

Engineering professional skill development: inter-
disciplinary and open-ended problem solving

Remote-controlled experiments for electrical circuits
for Primary Four students (Hong Kong)?

Kong et al. (2009)

Bernhard (2010) Technology-based conceptual labs in mechanics and
electrical circuits for undergraduate engineering

students

Engineering professional skill development:
experimental inquiry and laboratory skills
Yueh et al. (2014) Digital laboratory courseware in nanotechnology for
undergraduate engineering and science students

Bower (2011) Web-conferencing course environment for introduct-

ory software design course Engineering professional skill development:

Charlton and Avramides design and teaming

(2016)

Internet of Things (IoT) as a learning environment for
design and making STEM activities for 14—15 year olds

Friedrichsen et al. (2017)  AIChE Concept Warehouse — website to support use

of concept-based pedagogies?

Liu and Yu (2019) Teaching or assessment in engineering

Online system to support active learning through
questioning and formative evaluation in large

undergraduate engineering classrooms

Online learning community for engineering
cooperative students

Todd et al. (2011)

Learning engineering content

Joo et al. (2014) Online course in quality control for undergraduate

students in an agroindustry engineering program

Overall, technology and web-based interventions supported three of four purpose categories of purpose: professional
skill development (n = 6), teaching or assessment in engineering (n = 2), and learning engineering content (n = 2). Notably,
we did not find any studies that used DBR to develop technology or online tools for the purpose of improving interest in,
perceptions of, or participation in engineering.

In contrast, six primary sources supported engineering professional skill development, including all three of its sub-
categories: interdisciplinary and open-ended problem solving, experimental inquiry and laboratory skills, and design and
teaming.

From these data, we conclude that DBR is compatible with a focus on development of educational technology and
online learning courses and environments. We further note how the compatibility between DBR and technology devel-
opment may be largely attributed to similarities existing between DBR and the engineering design process; use of DBR
for educational technology development is well documented within the educational literature (see Wang & Hannafin,
2005).

Other Interventions (Not Technology or Web-Based). As shown in Table 2, DBR was employed in over one-half
(14/25) of the studies to develop interventions that were not based on technology or use of the Internet. We categorized
these “other” interventions into five types as shown in Table 2: curricula (n = 4), pedagogy (n = 3), tools (n = 1), frameworks
(n = 3), and in person experiences (n = 3).

These “other” interventions supported all four major categories of study purpose: professional skill development
(n = 5), teaching or assessment in engineering (n = 3), learning engineering content (n = 3), and improvement of
interests in, perceptions of, and participation in engineering (n = 3). Professional skill development was mainly sup-
ported through development of curricular and pedagogical interventions; improving interest, perceptions, and parti-
cipation in e