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Massive Open Online Courses quickly infiltrated higher education, leaving little time for large-group discussions on their

role in engineering education. We argue that a research agenda around the role of MOOCs in engineering education is

necessary for fully leveraging them in our context. While four articles published between 2011–2015 outline future

directions for MOOCs research, previous studies did not gather input from the community on the most pressing research

needs, corresponding corresponding questions, or the research needs unique to engineering education. The purpose of this

study is to present a research agenda around the role of MOOCs in engineering education that is informed by

multidisciplinary perspectives (i.e., MOOCs, learning science, and engineering researchers and practitioners). Three

NSF-funded workshops took place at engineering conferences throughout 2014 to facilitate the accomplishment of this

goal. Thematic analysis of 65 workshop participants’ survey responses led to an agenda that includes six research foci—

namely,MOOCs participants; MOOCs course design;MOOCs technology development, delivery, and adoption; the role

of MOOCs across education contexts; administrative concerns involving MOOCs; and MOOCs as a platform for large-

scale education research. Ten to fifteen corresponding research questions per foci are presented. Implications of this work

within and beyond engineering education are also discussed.
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1. Introduction

Online education has been around for many years,

but ‘‘what changed in 2011 [withMOOCs] was scale

and availability’’ [1, p. 1]. MOOCs are a genre of

cyberlearning that virtually bring together vast

numbers of learners and experts to engage in a

shared education experience that oftentimes mir-
rors the length and structure of traditional on-

campus courses [2–4]. They are a venue for a

heterogeneous group of learners to explore a topic

area connected with a learning objective, and often-

times lead to unique products developed by students

that are unlike most educational settings (e.g., blog

posts, images, videos, diagrams) [4]. Many editor-

ials and scholarly works alike have commented on
MOOCs’ tremendous potential for advancing the

goals of higher education and learners from ‘‘K-

grey’’ [e.g., 3, 5–7]. One Forbes article hinted at

MOOCs’ transformative potential by asking,

‘‘Could high-quality MOOCs eventually do to tra-

ditional colleges and universities whatCraigslist has

done to classified advertising in newspapers and

what Wikipedia has done to encyclopedias?’’ [8,
p. 1]. Academic institutions are highly-motivated

to engage withMOOCs because of their potential to

increase access to education opportunities, promote

and maintain their institution brand, improve eco-

nomics (i.e., reduce cost or increase revenue),

advance educational outcomes, facilitate innovative

teaching practices, and provide a context for con-

ducting research on teaching and learning [3, 4, 9–

12]. Though many have cited MOOCs’ potential,
there are parallel conversations calling for more

research on MOOCs before widespread adoption

[12, 13].

Today, there is a growing body of literature on

MOOCs that is beginning to address both funda-

mental and applied topics of interest. Most of the

early research on MOOCs came in the forms of

editorials and reports produced by institutions dis-
cussing their MOOCs-related activities [14–17].

Though valuable, such reports lack the rigor asso-

ciated with peer-reviewed scholarly publications,

which tend to have strong theoretical and metho-

dological framework to guide insights. More

recently, however, several rigorous scholarly pub-

lications have emerged on: a review of MOOCs

literature [e.g., 18], the experiences andperformance
of MOOCs learners [e.g., 19], learning theories
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underpinning MOOCs [20], instructional quality

[e.g., 21], technological considerations for scaling

up [22], and articulations on how MOOCs affects

diverse stakeholders in higher education (e.g.,

accrediting bodies, book publishers, career counse-

lors) [23]. While the majority of these studies were
not conductedwith a particular disciplinary focus in

mind, some disciplines are more represented in

MOOCs scholarly conversation than others. The

focus of this study is engineering education, with the

expectations that the findings are relevant beyond

the original context of interests.

2. MOOCS and engineering education

Engineering continues to be a discipline that is of

national interest [24–30] and is a field that is

particularly interested in integrating MOOCs into

its educational ecosystem. There have been numer-

ous calls by policymakers to reform engineering

education. Of particular interest in engineering
education are (1) the need to improve the quality

of engineering education and (2) to increase the

quantity and diversity of engineers [25–30]. Lever-

aging the latest technologies is one of the five major

shifts in engineering education that have occurred

over the last century that helps support these over-

arching goals to improve quality, quantity, and

diversity of engineers [31]. MOOCs are just one
example of the latest technologies that can help

facilitate this. (The other four are: (1) shifts from

hands-on and practical emphasis to engineering

science and analytical emphasis; (2) shifts to out-

comes-based education and accreditation; (3) shifts

to emphasizing engineering design; and (4) shifts to

applying education, learning, and social-behavioral

sciences research.)

3. Motivation

MOOCs infiltrated higher education at such a rapid

pace that there has been little time for large groups

of education researchers and practitioners to gather

to have meaningful conversations about its poten-

tial, drawbacks, sustainability, and research ques-
tions that need to be addressed.Oneof few examples

of this type of activity is San Jose State University’s

MOOCs in STEM Education conference that was

hosted in summer 2014 [32].Without such conversa-

tions, it is possible for large groups to become busy

adopting the latest education technology, and miss

the opportunity to strategically leverage it to

improve student learning and advance the multi-
faceted mission of higher education. Moreover, the

integration of MOOCs in engineering education

should be strategic, not simply reactive. We argue

that a research agenda around the role ofMOOCs in

engineering education (that includes both topics of

research and corresponding questions) is necessary

for fully leveraging them in our context. Suchwould

facilitate a more strategic integration of MOOCs in

higher education, in general, and engineering edu-

cation, specifically.
The research presented in this paper connects to a

NSF-funded study on the role of MOOCs in engi-

neering education. The three goals of the overarch-

ing study were to: (1) organize a workshop series

that would bring together experts on MOOCs,

learning science, and engineering education to dis-

cussMOOCs in engineering education; (2) stimulate

the development of a virtual community of engi-
neering educators interested in MOOCs [33]; and

(3) identify a set of research questions around

MOOCs and student learning in engineering educa-

tion. The goal of this paper is to present a research

agenda around the role of MOOCs in engineering

education that is informed by multidisciplinary

perspectives.

4. Literature review

4.1 Overview

The current literature onMOOCs is fragmented and

covers disparate topics. Peer-reviewed scholarly

articles on MOOCs began showing up in the litera-
ture in 2008 [e.g., 34] and continues to increase [see

review in 18].More recently, there have been studies

outlining suggested research directions for

MOOCs. Such articles serve as a starting point for

unifying the literature on this topic and will be

synthesized in this review.

Four articles published between 2013–2015 out-

line future directions for MOOCs research [18, 35–
37]. One research agenda was developed as a result

of conducting an analysis of the topic of MOOCs-

related proposals submitted to the Bill andMelinda

Gates Foundation’s funding opportunity to sup-

port MOOCs research [35]. It includes five cate-

gories for future research: (i) student engagement

and learning success; (ii) MOOC design and curri-

culum; (iii) self-regulated learning and social learn-
ing; (iv) social network analysis and networked

learning; and (v) motivation, attitude and success

criteria. Another collection of suggested research

directionswas included in the discussion section of a

systematic literature review on MOOCs articles

published between 2008–2012; it includes the gaps

in the literature that emerged after conducting the

analysis [18]. A third article was written by the
Computing Community Consortium (CCC) and

was the result of a workshop to ‘‘elaborate a

research agenda for computing-enabled online edu-

cation over the next 5–10 years’’ [36, p. 5], and
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outlines five cross-cutting themes in their research

agenda: (i) access to education; (ii) integrating cloud

and campus; (iii) collaborations and community;

(iv) from massive and open to ubiquitous; (v)

designing MOOE for research (where MOOE

stands for Massive Open, Online Education to
denote an extension beyond MOOCs). Lastly, a

short perspective in Science magazine entitled

‘‘Rebooting MOOCs Research’’ proposes three

areas of emphasis for future MOOCs research [37].

While there are distinctions between the research

agendas, there are unifying themes. These four

themes will be discussed in the remainder of this

literature review and provide the basis for this study
on multidisciplinary researchers and practitioners’

perspectives on research directions for MOOCs

scholarship. The four themes are: (1) MOOCs

Participants; (2)MOOCs Course Design & Technol-

ogy Development; (3) Administrative Concerns

Regarding MOOCs; and (4)MOOCs as a Platform

for Large-scale Education Research.

4.2 MOOCs participants

Many of the proposed research directions across the

four articles [18, 35–37] include an emphasis on the

people participating in MOOCs. Participants

include learners—both in the U.S. and abroad—

and instructors. As it relates to individual learners,

in general, Gašević, et al. [32] recommend research
on student motivation, attitudes, engagement, suc-

cess criteria, and self-regulated learning. Liyanagu-

nawardena, et al. [18] also highlighted the need for

more research onMOOCs’ learners motivation, but

added the nuanced focus on variations in motiva-

tion by parameters such as course, discipline, and

provider. Furthermore, this research agenda also

called for research on the experiences of MOOCs
participants who do not complete the course [18].

While much of this research was focused on

individual learners, there were a significant

number of research directions focused on groups

of learners. For example, Liyanagunawardena,

Adams, and Williams [18] noticed a lack of quali-

tative studies on the use of external communications

to support learner groups, and a shortage of litera-
ture on the cultural differences of MOOCs partici-

pants and their experience. Gašević, Kovanović,

Joksimović, and Siemens [35] also added to this

need for research on MOOCs learners as a group

by highlighting the need for moreMOOCs research

including social network analysis and focused,

networked learning, and social learning.

One last dimension of this research theme was
related to broadening access to education. More

specifically, Liyanagunawardena, Adams, andWil-

liams [18] discussed the need for research on

MOOCs provisions in developing countries. On

the other hand, the CCC report [36] talked quite

extensively about research directions at the nexus of

MOOCs and access. The authors began by stating

the issue this way: ‘‘The question of access to

education is both alleviated and exacerbated by

MOOE systems’’ [36, p.9]. Namely, MOOCs can
be tool for improving access to educational materi-

als, but also barrier to it aswell since the prerequisite

for this access is basic infrastructure (i.e., technol-

ogy and otherwise) to support it. This reference to

technology needs in aMOOC learning environment

leads into the second of four research emphases in

the literature.

4.3 MOOCs course design & technology

development

Calls for research on MOOCs Course Design &

Technology Development were discussed frequently

in the articles suggesting future research directions

[18, 35–37]. Course design may include anything

from the content, to the assessment, and to the
pedagogy [38]. While Gašević, Kovanović, Joksi-

mović, and Siemens [35] broadly state the need for

research on MOOCs design and curriculum, others

mentioned more unambiguous research topics. For

example, as it relates to content, Reich [37] highlight

the need to experiment with open-ended problems

such as design problems. Coincidently, this is the

only explicit reference in the literature to a phenom-
enon that is integral to engineering education (e.g.,

engineering design, and design thinking) [31]. This

call for more open-ended problems in MOOCs

course designs also links to the need for future

MOOCs that are developed on collaborative plat-

forms and include more immersive environments—

environments that would facilitate design thinking

and collaborations among MOOCs learners. The
CCC report [36] put it this way, MOOCs mediate

more ‘‘compelling interactions among various levels

of granularity’’ besides discussion forums, chat,

video conferencing [36], but this potential has not

been realized. This report also adds that immersive

environments should become integral parts of the

MOOCs technology design because it can improve

characteristics like emotional engagement. These
are just some examples that reveal the connection

between MOOCs course design and MOOCs tech-

nology development.

One article in particular expounded on the need

for more research on assessing learning in aMOOC

environment. More specifically, Reich [37] calls it

‘‘Watching without learning’’, and goes on to

discuss the need for ‘‘better assessment structures
that support robust inferences about learning’’ [p.

34]. Such assessments should exhibit three charac-

teristics: (a) they should take place at multiple

points (with a particular emphasis on pretest); (b)
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the assessment should capture multiple dimensions

of learning, from procedural to conceptual; and

lastly, (c) the assessments that are used should have

been validated by prior research (in order to

facilitate comparisons to other settings). The

other articles citing MOOCs research directions
rarely mentioned questions around assessing stu-

dent learning.

Lastly, the articles on MOOCs research direc-

tions cite three other technological development-

related needs; again, this closely links to pedagogi-

cal approaches that canbe used in aMOOCcontext.

The immense amount and types of data associated

with MOOCs is one aspect of why they are defined
as ‘‘massive’’ [4].While tremendous potential awaits

those interested, willing, and skilled to tackle

MOOCs’ big data, the amount of data can lead to

information overload for many. In light of this,

Liyanagunawardena, Adams, and Williams [18]

highlight the need for research-based solutions,

including technology solutions, to the information

overload problem that exists in MOOCs environ-
ments for both instructors and students. Moreover,

the CCC report discusses the need for design prin-

ciples for the future of MOOCs. This report also

speaks to a need that involves both MOOCs course

design and technological development: the authors

of the CCC report state that MOOCs ‘‘invigorate

ideas that education and learning can be intention-

ally continuous’’ [36, p. 33]. In order for this to
happen however, there would be a need to go ‘‘from

massive and open to ubiquitous’’ [36, p. 33];

MOOCs need to be designed with out-of-school

learning experiences in mind. The third area of

emphasis in the literature shifts from the learners,

courses, and technology to focus on some of the

infrastructure supporting MOOCs.

4.4 Administrative concerns regarding MOOCs

The third area of research emphasis that is briefly

discussed relates to the institutions partnering with

MOOCs entities to offer them. While the institu-

tions’ motivations to engage with MOOCs have

already been discussed in the introduction of this
article, there is a need for scholarlywork onboth the

institutional threats and opportunities [18]. Addi-

tionally, there is a need for studies surrounding how

learners obtain recognition for their work, and the

interplay between MOOCs and accreditation [18].

While there are many other administrative issues

surrounding MOOCs, these are the two that were

mentioned among the articles outlining future direc-
tions for research on MOOCs [18, 35–37]. The last

area of emphasis shifts from participants and

administrative issues to conducting research with

MOOCs.

4.5 MOOCs as a platform for large-scale education

research

The fourth research focus that frequently shows up

among the research agendas is the notion of

MOOCs as a tool for conducting research. Liyana-

gunawardena, Adams, and Williams [18] offer sug-

gested research topics related to the data associated

with MOOCs. Two ideas include research on best
practices for handling MOOCs data, and an

exploration of MOOCs participants’ views on ethi-

cal aspects of using publicly availableMOOCs data.

Gašević, Kovanović, Joksimović, and Siemens [35]

touch on the data issue differently by citing the need

for technical and policy solutions on data sharing

that allow researchers to query repositories of

MOOCs data without facing privacy issues. The
CCC report highlights how learning science

research has advanced because of MOOCs, but

add that MOOCs can be a compelling vehicle for

research outside of learning science as well. For

example, MOOCs can be a context to explore new

computing technologies (e.g., gaming, artificial

intelligence, visualizations), and broader topics

like cultural blending and organizational develop-
ment [36]. One distinction in the Reich [37] article is

the call formore discipline-based research to under-

stand domain-specific learning in MOOCs and

argues that such insights may be a necessary condi-

tion for effectively leveraging domain-independent

research. This need is part of the motivation for the

current study.

In summary, the current literature on what
should be the future research directions for

MOOCs research focuses on participants, the

course design and technological development, insti-

tutional concerns, and MOOCs as a platform for

conducting research. In all four cases, the suggested

research directions were informed from a review of

the literature and/or the opinions of online learning

experts. Because MOOCs is, by nature, an educa-
tional effort that involves collaborations across

various dimensions of the higher education land-

scape, there is a need to be have large group

conversations including multidisciplinary perspec-

tives around the research needs if we want to be

strategic about howwe leverageMOOCsThis study

adds to the literature contributing a research agenda

around MOOCs in a particular discipline and is
informed from the perspectives of MOOCs, learn-

ing science, and engineering education practitioners

and researchers—the kinds of people who would

either serve as the MOOCs instructor and/or lead

research projects focused on MOOCs. Further-

more, this study addresses this need for more

focused research efforts in the context of engineer-

ing education,with the expectation that the research
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findings will be useful both in and beyond the

original context of interest.

5. Methods

5.1 Overview

This study brought together experts in engineering

education, MOOCs, and learning science to discuss

the potential for MOOCs in engineering education

and suggested research directions. This was done by
hosting workshops at engineering research confer-

ences throughout 2014, and inviting participants to

share research questions they think should be

included in research agenda onMOOCs in engineer-

ing education. The submissions were analyzed using

thematic analysis [39, 40]. Details surrounding the

data collection, participants, and analysis will be

discussed next.

5.2 Data collection

As part of this study, the authors of this paper

organized a four-part workshop series targeting

annual engineering education research conferences

throughout 2014.We targeted faculty inmechanical

engineering, electrical engineering, biomedical engi-

neering, and a multidisciplinary group of people
engaged in engineering education research and

practice. The rationale for targeting MEED &

ECEDHAwas to garner the perspectives of depart-

ment heads of two of the largest engineering dis-

ciplines. Additionally, we were interested in the

perceptions of people who serve as lead change

agents within an engineering department [41]. The

motivation for hosting a workshop at ASEE was to
include the perspectives of engineering education

researchers and practitioners across a wide range of

disciplines, levels of tenure, and people who were

not tenure track faculty but were somehow engaged

in engineering education research. The rationale for

targeting BMES was to reach engineering faculty in

one of the smallest, but fastest growing engineering

disciplines [42–44]. Unfortunately, the BMES
workshop was cancelled because only two people

registered for theworkshop.Table 1 summarizes the

logistics of the workshops in the series where we

collected data.

The format of each workshop was the same. It

began with panelist presentations and concluded

with a moderated, interactive discussion between

panelists and participants. Workshop participants
completed three surveys before, during, and after

the workshop. When planning the study, the goal

was to ensure that multiple perspectives on the role

of MOOCs in engineering education were repre-

sented on the panel. To this end, each panel included

3–5 people representing three diverse perspectives:

(1) at least one person with expertise and research

interests in the engineering content associated with
the conference and MOOCs (or another closely

related cyberlearning topic), (2) someone with

expertise on the science of learning—particularly

in online settings; and (3) someone from one of the

three major MOOCs (i.e., Coursera, edX, or Uda-

city). (Panelist information is included on the pro-

ject website [33]. (The project website was developed

to provide a forum for workshop attendees to
connect and to post information related to the

project (e.g., project description, panelists’ presen-

tations slides, relevant scholarly resources.) In addi-

tion to presenting highlights of their relevant

research, each panelist prepared responses to two

overarching questions about the potential MOOCs

has for improving student learning in engineering,

and the research questions we need on MOOCs to
improve student learning in engineering education.

After all of the panelists completed their 15-

minute presentations, there was a moderated, inter-

active discussion among panelists and participants.

One week prior to the workshop, panelists were

emailed a list of 3–5 possible questions the mod-

erator may ask during the panel session, and were

encouraged to prepare thoughtful responses. Parti-
cipants were given an opportunity to ask each

panelist questions about topics mentioned in their

presentation during this part of the workshop.

There were two scribes at each workshop to docu-

ment the workshop discussions. Additionally, par-

ticipants were encouraged to complete a survey at

the beginning, middle, and end of the workshop.
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Table 1. Summary of Workshop Series Logistics & Target Audience

Conference Name Dates & Location Target Audience

ASMEMechanical Engineering Education
Leadership Summit (MEED)

March 13–15, 2014 (San Juan, PR) Mechanical Engineering Department
Heads

Electrical & Computer Engineering
Department Heads Association Annual
Conference (ECEDHA)

March 21–25, 2014 (Napa, CA) Electrical and Computer Engineering
Department Heads

American Society for Engineering
Education Annual Conference (ASEE)

June 15–18, 2014 (Indianapolis, IN) Faculty across Engineering Disciplines



Responses to one open-ended survey question are

the results in this study. The survey question of

interest is:What research do we need on MOOCs to

further gains in student learning? (Provide research

questions.)

5.3 Participant information

The workshop was included in the conference

bulletin, listed among all the other sessions at the

conference. While Table 2 summarizes the number

of participants who attended the conference and

who completed the survey, Table 3 summarizes the

role of the survey respondents.
Collectively, over 200 people attended the three

workshops in this series. Among those who

attended, nearly one third completed at least one

of the three surveys distributed during the work-

shop. The survey responses reflect a balance of roles

among tenure-track faculty, higher education

administrators, and researchers (who were not on

the tenure-track). Those in the ‘‘other’’ category
include industry and/or policy personnel engaged in

the engineering education community (as evidenced

by their attendance at ASEE, an annual engineering

education research conference).

5.4 Analysis

The results of this study include workshop partici-

pants’ responses to the following survey question:
What research do we need on MOOCs to further

gains in student learning? (Provide research ques-

tions.) Thematic analysis [39, 40] was used to

analyze responses to this question. Boyatzis [39]

describes three approaches to thematic analysis [p.

37]; this study uses the ‘‘prior-research-driven

approach’’ to thematic analysis. More specifically,

the four themes from the literature were used as
codes for analyzing the data. Again, the four main

codes are: (1) MOOCs Participants; (2) MOOCs

Course Design & Technology Development; (3)

Administrative Concerns Regarding MOOCs; and

(4)MOOCs as a Platform for Large-scale Education

Research. For the instances where the suggested

research questions did not fit within these codes,

they were analyzed inductively (using the ‘‘data-

driven approach’’ to thematic analysis).
Most participants’ responses were submitted in

the form of research questions, and others wrote

topics of research questions but did not state the

idea in the form of a question. Both the research

questions and topics were coded using the a priori

codes (for the responses that aligned with the

existing codes), and inductively (for those that did

not align).
In some instances, duplicate and similar ques-

tions and topics were among the responses. We

define duplicate responses as those that reflect the

same idea, but were worded slightly differently. On

the other hand, we define similar responses as two

responses that havemany of the same ideas, but one

response is an expansion of the other. In this case,

the two responses were collapsed into one, and the
resulting response was inclusive of all the ideas

reflected in the two original responses. Provided is

an example of a set of responses that include an

example of both duplicate and similar responses.

Response 1: ‘‘What are the attributes of a successful

MOOC student?’’

Response 2: ‘‘What are the characteristics of the

successful MOOCs students?’’

Response 3: ‘‘What are the characteristics of stu-

dents who choose to takeMOOCs and thrive in the

environment?’’

All three responses were coded as ‘‘MOOCs Parti-

cipants’’, and the resulting research question

included in the results section is: ‘‘What are the

attributes of students who choose to take MOOCs

and thrive in the environment?’’ A secondary coder

reviewed all assignments of research question to
codes; coding was modified if necessary.

To accommodate the two types of responses (i.e.

research foci and research questions), the Results

sections of this paper includes a short summary—to
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Conference Total of Workshop Participants Number of Survey Respondents

MEED 117 17
ECEDHA 25 5
ASEE 65 43

Total 207 65

Table 3. Proportion of Survey Respondents by Role

Faculty
Admin.
only

Admin. &
Faculty

Researcher
only Other Anonymous

Total
(n = 65)

29% 5% 25% 9% 11% 21% 100%



capture the patterns in ideas across the set of related

responses in the form of topics—along with the

research foci and their corresponding research ques-

tions.

6. Results

6.1 Results overview

Workshop participants (including panelists and

attendees) in all three workshops in the series

answered the question: What research questions do

we need on MOOCs to improve student learning in

engineering education? The participants submitted

79 research questions; 72 unique research questions

resulted from consolidating duplicate and similar

responses.

The ideas reflected in the responses center on six

research foci: (1)MOOCs Participants; (2)MOOCs

Course Design; (3) MOOCs Technology Develop-
ment, Delivery, and Adoption; (4) Role of MOOCs

Across Education Contexts; (5) Administrative

Concerns Involving MOOCs; and (6) MOOCs as a

Platform for Large-scale Education Research.

While some of the codes used from the literature

did not need to be modified to fit the responses (i.e.,

themes one, five and six), others needed to be

modified (i.e., themes two, and three) and one
needed to be added (i.e., theme four). The rest of

this section includes a brief overview of the research

focus and the ten to fifteen research questions

corresponding to each research foci.

6.2 MOOCs participants

There is a need for research on the motivation and

attributes of people who enroll and/or persists in
MOOCs.Moreover, it would be useful to havemore

insight on MOOCs learners’ perceptions of the

added value of completion and attributes of

MOOCs participants after completing the course

(e.g., upon graduation). Apart from research on the

learners, we also need to consider the instructional

needs of faculty teachingMOOCs and develop open

source tools to support them. Furthermore, there is
a need for studies on both participants simulta-

neously. One example might include studies on the

alignment of learning styles and instructionalmodes

in a MOOC context, preferably according to stu-

dents’ demographic details (e.g., level of achieve-

ment, ethnicity). Table 4 lists the research questions

associated with the ‘‘MOOCs Participants’’

research focus.

6.3 MOOCs course design

While therewere a series of responses focused on the

people involved with MOOCs, participants also

shared a plethora of suggestions surrounding

facets of the course and the technology to support
the course design. In the literature these two ideas

were linked to one theme, largely because the

pedagogical practice of MOOCs instructors is clo-

sely tied to the technology that enables it. However,

the two ideas were disaggregated in these results

because there were enough unique ideas associated

with each aspect of the theme to warrant two

separate themes.
As it relates to course design, participants spoke

often about the need for research related to the

content, assessment, and pedagogy that take place

in a MOOC environment. Content-related ideas

centered on identifying the subjects that might be

best suited forMOOCs, learning objectives, and the

possibility of using MOOCs to generate concept

inventories. The assessment-related ideas focused
on the need to develop ways to assess learning in a

MOOC, and continual, formative feedback at scale.
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Table 4. Research questions for ‘‘MOOCs Participants’’

Subgroup Research Questions

Characteristics � What are the attributes of people who chose to enroll in MOOCs and thrive in the MOOC environment?
� What distinguishes domestic learners from international learners enrolled in MOOCs?

Factors for Success � What factors make the difference for student success in a MOOC?
� What can be done to improve interactivity and interdependence among learners in a MOOC?
� How do we train future faculty in engineering education AND cyberlearning?

Motivation � How do we improve student motivation to complete MOOCs? Is completion important outside of
accreditation-/credit-based context?

� What benefits are seen by learners who do not desire/intend to complete MOOCs in the traditional style (i.e.,
‘‘a la cart’’ learners)?

� What persuades learners with college degrees to contribute toMOOC courses? How can platforms encourage
more to enroll?

� When given comparable options, how do people decide which MOOC to enroll in?

Outcomes � Are MOOCs reaching the demographic that needs educational support?
� Inwhatways should the next version ofMOOCsbe designed to adapt to students’ varying learning capabilities
in order to be effective for different skill levels?

� What impact does MOOCs have on students’ long-term academic performance?



Suggested research ideas related to pedagogy high-

lighted the need for research on how to engage the
learners, provide hands-on activities, promote

interactions among students, and enable mentoring

in a MOOCs setting. Table 5 lists the research

questions associated with the ‘‘MOOCs Course

Design’’ research focus.

6.4 MOOCs technology development, delivery and

adoption

Participants shared research topics and questions

about designing courses on the MOOC platform,

adopting existing MOOCs technology for a new
context, and metrics for evaluating MOOC devel-

opments. Table 6 lists the research questions asso-

ciated with ‘‘MOOCs Development, Delivery, and

Adoption’’.

6.5 Administrative concerns regarding MOOCs

Apart from sharing research ideas and questions

related to the MOOCs participants, courses, and

technology, there was another set of survey
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Table 5. Research questions for ‘‘MOOCs Course Design’’

Subgroup Research Questions

Content � How can MOOCs be used to generate concept inventories?
� Is there a classification of subjects that work better/worse forMOOCs?What styles ofMOOCs can be tuned to
student learning styles and subject matter (rather than determining the ‘‘best style’’)?

� Can we develop content and/or study how to best present content for various engineering disciplines (e.g.,
Chemical Engineering, Biochemical Engineering)?

� How can we tailor the course logistics to promote flexibility in scheduling while ensuring that students
successfully attain the desired competencies in a designated amount of time?

Assessment � How can course objectives be described in a way that specifies key competencies and informs course grades
given the typical MOOCs completion rates?

� What combinations of valid and reliable assessments need to be developed and/or used to study the attainment
of learning outcomes in a MOOC environment?

� How canMOOCs evaluations work in ways that are most useful to potential or current employers ofMOOCs
learners?

Pedagogy � In what ways shouldMOOCs pedagogy be designed to incorporate higher order thinking skills (e.g., problem
identification, innovation in design, critical thinking, metacognitive skills), hand-on learning activities, and
promote engagement throughout the course?

� What are the optimal teaching styles that aremost compatible withMOOCS?Are there teachingmethods that
could be combined with MOOCs to give students a better learning experience? What MOOCs instructors do
students love or hate, and why?

� In what ways does MOOCs present an opportunity to engage students throughout the course?
� How can MOOCs be to leveraged to support hands-on learning, anytime, anywhere?
� How might we take advantage of what is known about how people learn to inform the course design in
MOOCs?

� What in-class activities best supplement MOOCs?
� What are natural/inevitable consequences of employing the MOOCs format?

Table 6. Research questions for ‘‘MOOCs Course Development, Delivery, & Adoption’’

Subgroup Research Questions

Development � How do we develop virtual laboratories and hand-on activities for MOOC environments that work across
disciplines?

� In what ways does MOOCs cause us to rethink the metrics for evaluating the efficacy of a course, curriculum,
and students performance? What should be the standard metrics for evaluating a MOOCs’ effectiveness?

� What new pedagogical approaches does the MOOCs platform afford?
� What can be done to improve the interaction and interdependence among MOOCs learners and instructors?
� Is MOOCs content fully open-source and modular? What are the implications of this?
� How much time do you have to spend on developing a MOOC? What kinds of expertise need to be on the
development team?

Adoption � What role can federal funding agencies (e.g., NSF) play in facilitating adoption and developing a repository of
effective MOOCs and MOOCs-related resources?

From Development
to Adoption

� Howdoweget around thebottleneckof proctored, in-person exams?Howdowebest implement them; andwill
the implementation differ based on discipline and topic?

� How do you move from development to implementation more efficiently? What templates are needed for
efficient adoption/adaptation?

� What are the best practices for MOOCs development, implementation and adoption across topics and
disciplines?

� What are best practices for MOOCs design, delivery, adoption, and management? How can MOOCs data
analytics improve the way MOOCs are designed and delivered?

� How can Bess’ model of team teaching [45] be helpful when developing and implementing MOOCs?



responses focused on administrative issues asso-

ciated withMOOCs.More specifically, participants

mentioned the need for research that focus on

MOOCs as part of admissions decisions, credential-

ing students takingMOOCs fromother universities,

accreditation of MOOCs courses, and academic
integrity among MOOCs learners. Others men-

tioned the need for empirical research and case

studies providing models of financial aid packages

to students enrolled in MOOCs, cost-benefit analy-

sis, return on the investment, and insights on who

owns the intellectual property of data associated

with MOOCs. The research questions correspond-

ing to ‘‘Administrative Concerns Regarding
MOOCs’’ are listed in Table 7.

6.6 Role of MOOCs across education contexts

The last two themes take another shift from focus-

ing on aparticularMOOCat a particular institution
to situating MOOCs in a broader context. This

collection of suggested research ideas and questions

are about how MOOCs can play a strategic role in

K-12 education, higher education, informal learn-

ing, and workforce development. There are also

questions focused on the relationship between

MOOCs and other forms of cyberlearning. The

research questions associated with the ‘‘Role of
MOOCs Across Education Contexts’’ research

theme are listed in Table 8.

6.7 MOOCs as a platform for large-scale education

research

One participant succinctly articulated the need

associated with this theme in the following way,

‘‘We need more coordinated, comprehensive

research studies and sharing of data.’’ Some areas

of emphasis for this research focus include under-

standing theMOOCs’ experiences from theperspec-

tive of instructors and learners, the development of

data analysis methods for analyzing large qualita-
tive and quantitative data sets, and using MOOCs

as a venue for improving our understanding of how
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Table 7. Research questions for ‘‘Administrative Concerns Regarding MOOCs’’

Subgroup Research Questions

Administrative
Decisions &
Concerns

� What are the institutional barriers to adopting MOOCs in courses and programs?
� How do schools brand their project if they use a MOOC deployed by an instructor at another institution?
� Who owns the intellectual property of MOOC elements (e.g., discussion boards content)?
� Should MOOCs faculty be provided full-time hire status by their home institution?

Credentialing &
Accreditation

� Considering the extreme resource requirement to develop new MOOCs, is it possible to pool resources and
collaborate to develop an inter-institutional MOOC credits that are recognized by accrediting bodies or
integrated into on-campus courses?

� What does it take for MOOCs to be accepted by accrediting bodies?
� What are effective and efficient ways to address academic integrity issues in MOOCs?

Financial � What new business models will effectively combine instructional quality, lower costs, and increase access to
quality education?

� What financial models make MOOCs a viable option for more than select institutions?
� What is the relationship between the initial investments in setting up a MOOC and its effectiveness?

Table 8. Research questions for ‘‘Role of MOOCs Across Education Contexts’’

Subgroup Research Questions

Role Across Formal
Education

� How can MOOCs be used to expose K-12 students to institutions of higher learning, STEM domains, and
prepare first-year students before they arrive on campus?

� HowcanMOOCsbe used to personalize the learning experience in core engineering classes to students in other
majors (e.g., Industrial Engineering students taking Thermodynamics courses; Mechanical Engineering
students taking Circuits)?

� In what ways doesMOOCs present an opportunity to diversify the engineering student population and enrich
the engineering curriculum?

� What can MOOCs provide as a department cultural media?
� How is MOOCs causing higher education to rethink how to use face-to-face time?
� How can MOOCs help advance the mission of the university?
� How canMOOCs be used to build communities around topics/courses across institutions?Howwould faculty
be rewarded for participating in this kind of activity?

Role in Informal &
Lifelong Learning

� In what ways might MOOCs make higher education more accessible to people in the workforce?
� How do MOOCs fit into the overall educational experience of students?
� In what ways does the need for Internet access and social networking skills pose issues for the digital divide?

Role in Online
Learning

� How might MOOCs serve as a repository and organizing structure for the vast array of online content?
� Is it possible to keep MOOCs research separate from research on flipped classrooms?
� What are the differences between online learning or e-learning and learning in aMOOC?What should be done
to transfer online learning and e-learning content to a MOOC?



people learn. Table 9 includes the last set of research

questions, which correspond to the research focus

‘‘MOOCs as a Platform for Large-scale Education

Research’’.

7. Discussion

Massive Open Online Courses quickly infiltrated

higher education, leaving very little time for large-

group discussions among researchers, practitioners,

administrators and developers on their role in

engineering education. One of few examples of

this type of activity is San Jose State University’s

MOOCs in STEMEducation conference [32].With-

out such conversations, it is possible for the engi-
neering education community to become busy

adopting the latest education technology, and miss

the opportunity to strategically leverageMOOCs to

improve student learning and advance the multi-

faceted mission of higher education. Existing pub-

lications that outline future directions for MOOCs

research [18, 35–37] were a good start to a conversa-

tion on how we can be more strategic about the
integration of MOOCs in higher education. This

study advances the literature on this topic.

The results of this study include six research foci

for future research on MOOCs in engineering

education. In summary, the six themes are: (1)

MOOCs Participants; (2) MOOCs Course Design;

(3) MOOCs Technology Development, Delivery,

and Adoption; (4) Administrative Concerns Invol-
ving MOOCs; (5) Role of MOOCs Across Educa-

tion Contexts; and (6) MOOCs as a Platform for

Large-scale Education Research. While there are

many points of alignment with the existing litera-

ture, the findings in this study add to the literature as

well.

Three of the six themes were consistent with the

ideas alreadymentioned in the literature and did not
need to be modified. These three themes were:

MOOCs Participants; Administrative Concerns

Regarding MOOCs, and MOOCs as a Platform

for Large-scale Education Research. Similarly,

Course Design and Technology Development are

closely connected to ideas in the literature. How-

ever, these two big ideas were teased out in the

results of this study and led to more nuanced
research ideas for each area of emphasis. One

research focus that was unique from the others in

the literature was focused on the Role of MOOCs

Across Education Contexts. This set of questions

included ideas that linkedMOOCswith the broader

education contexts including other parts of higher

education, K-12, and online learning.

Two research topics that were mentioned in the
literature and show up in the results as well is the

need for research onMOOCs learners’ motivations

and the need to parse research results by demo-

graphic details [18]. What this study adds to this

literature are specific questions that need to be

addressed in relation to each of these topics—

research questions informed from researchers, edu-

cation practitioners, and engineering education
administrators. Although assessment was a focus

in one of the articles included in the literature review

supporting this study [37], it was an idea that

showed up in several questions proposed by the

participants in this study. The notion of credential-

ing is consistent with Liyanagunawardena, Adams,

and Williams’ [18] idea of recognizing students for

their work. Several of the ideas associated with

The Role of Massive Open Online Courses in Engineering Education 1797

Table 9. Research questions for ‘‘MOOCs as a Platform for Large-scale Education Research’’

Subgroup Research Questions

Participants’
Experiences

� What impactdoes a discussionboardwithmultiple perspectives haveon comprehensionof the coursematerial?
What are common misconceptions, most missed questions, or difficult concepts to learn?

� HowdoMOOCs experiences for traditional age, on-campus students affectmaturity, self-efficacy, and lifelong
learning orientations?

� What is the nature of the lived experience of instructors and learners in a MOOC?
� What is the quality of student participation while online?
� What are the patterns of MOOC students’ study? Do MOOCs students spend more time in study or is the
amount of time they spend equivalent to that of face-to-face students?

Employing Diverse
Research Methods

� Howmight ethnographic studies provide insights on successful experiences of communication, interaction and
collaborations among MOOCs students?

� How might linguistic analysis be used to study a MOOC phenomenon?

Advancing Discovery � Howcan the big data generated fromMOOCsbe leveraged to enhance our understanding of howpeople learn?
� In what ways does MOOCs represent a nexus for brain science, cognitive science, and education research?
� What changes in scholarship/research/pedagogy are involved with creatingMOOC learning exercises (not just
lecture/content delivery)?

� What aspects of effective teaching and learning do MOOCs intrinsically support?
� Are virtual laboratories as effective as in-person laboratories?
� How do MOOCs facilitate pedagogical research that is difficult to perform otherwise?
� DoMOOCs improve quality, not just quantity of instruction?
� How does learning in a MOOC present obstacles to effective teaching and learning?



large-scale research in the literature [35–37] were

consistent with those in the results as well.

Although members of the engineering education

community were the main contributors to this data

set, most of the research needs and questions

included in the survey responses were not unique
to engineering education. In general, research topics

and questions related to things like MOOCs parti-

cipants, course design, and technology are not

unique to engineering education. Similarly, research

topics related to administrative concerns surround-

ing MOOCs, connections between MOOCs and

other parts of the education spectrum, and large-

scale education research that can be performed with
MOOCs is not unique to engineering education

either. Specifics that are more unique to engineering

education are research questions that mention spe-

cific engineering disciplines, or pedagogies that are

commonly used in engineering education. This

result speaks to the generalizability of the research

findings. Said differently, because many of the

findings were not unique to engineering education,
they are not only relevant to members of the

engineering education community interested in

MOOCs, but to thebroader community of research-

ers, practitioners, and administrators interested in

MOOCs as well.

In short, this study builds on and extends existing

literature on this topic by gathering input from

members of theMOOCs and engineering education
research community to determine the most pressing

research needs. Moreover, the results of this study

not only outlines the topics of research that need

further study, but also articulate over 70 specific

research questions that can be readily addressed.

Such specificity not only help galvanize the commu-

nity a specific set up a needs, but also give direction

on specific actions and immediate next steps. Lastly,
this study adds to the body of literature by ascer-

taining which research needs seem unique to the

engineering education community and which are

more broadly applicable.

8. Conclusion

One motivation for this study was the desire to

promote amore strategic reaction to the integration

of MOOCs in engineering education, and not

simply a reactive one. We acted on this motivation

by organizing the first series of large-group discus-

sions among engineering education practitioners

and researchers, learning scientists, and MOOCs

experts to address the purpose of this study: to
develop a research agenda around the role of

MOOCs in engineering education that is informed

from multidisciplinary perspectives. The resulting

research agenda includes six research foci and

corresponding questions that, if addressed, will

improve the role of MOOCs within and beyond

engineering education.

Some limitations of this study relate to data

collection and the comprehensiveness of the results.

For example, the goal of the study was the gather
input from the community as part of developing a

research agenda around the role of MOOCs in

engineering education. This objective was accom-

plished by was organizing a three-part workshop

series that took place at engineering education

conferences throughout 2014. While disciplines

and the anticipated role of participants was the

primary motivation for the workshop locations,
the proverbial engineering education ‘‘ecosystem’’

is made up of different stakeholders (e.g., research-

ers, practitioners, administrators, industry person-

nel, policymakers) in a wide range of disciplines—

all of which who do not regularly attend annual

research conferences in this field. Thus, it is possible

that the data collected during as part of this study

does not fully represent the needs and inquiries of all
stakeholders in the engineering education ecosys-

tem.By extension, it is possible that the results of the

study do not speak to the MOOCs-related research

needs and questions of important stakeholders in

engineering education who do not engage in

research (e.g., non-tenure track faculty, personnel

in academic support services).

Despite these limitations, this work advances the
literature on what are the major research needs

surrounding MOOCs, both in engineering educa-

tion and more broadly. If acted upon, the research

agenda resulting from this study has the potential to

spawn activities that will lead to a more deliberate

and strategic incorporation of MOOCs not only in

engineering education, but higher education and

beyond. Finally, although engineering education
was the original context of interest in this study,

the majority of the findings are not unique to

engineering education, and as a result, are may be

useful to researchers, practitioners, administrators

far beyond engineering education communities.
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