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a b s t r a c t

During the widespread development of open access online course materials in the last two

decades, advances have been made in understanding the impact of instructional design on

quantitative outcomes. Much less is known about the experiences of learners that affect
their engagement with the course content. Through a case study employing text analysis of

interview transcripts, we revealed the authentic voices of participants and gained a deeper

understanding of motivations for and barriers to course engagements experienced by

students participating in Massive Open Online Courses (MOOCs). We sought to understand
why learners take the courses, specifically Introduction to Chemistry or Data Analysis and

Statistical Inference, and to identify factors both inside and outside of the course setting

that impacted engagement and learning. Thirty-six participants in the courses were
interviewed, and these students varied in age, experience with the subject matter, and

worldwide geographical location. Most of the interviewee statements were neutral in

attitude; sentiment analysis of the interview transcripts revealed that 80 percent of the
statements that were either extremely positive or negative were found to be positive

rather than negative, and this is important because an overall positive climate is known to

correlate with higher academic achievement in traditional education settings. When de-

mographic data was added to the sentiment analysis, students who have already earned
bachelor's degrees were found to be more positive about the courses than students with

either more or less formal education, and this was a highly statistically significant result. In

general, students from America were more critical than students from Africa and Asia, and
the sentiments of female participants' comments were generally less positive than those of

male participants. An examination of student statements related to motivations revealed

that knowledge, work, convenience, and personal interest were the most frequently coded
nodes (more generally referred to as “codes”). On the other hand, lack of time was the most

prevalently coded barrier for students. Other barriers and challenges cited by the inter-

viewed learners included previous bad classroom experiences with the subject matter,

inadequate background, and lack of resources such as money, infrastructure, and internet
access. These results are enriched by illustrative quotes from interview transcripts and
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compared and contrasted with previous findings reported in the literature, and thus this
study enhances the field by providing the voices of the learners.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Massive Open Online Courses (MOOCs) are large-scale, open-access classes taught by university faculty via the internet
using a variety of techniques such as weekly lecture videos/webcasts, online assessments, discussion forums, and even live
video chat discussions and help sessions. Since the coinage of the term MOOC in 2008, this new avenue for education has
raised a great deal of excitement and controversy in academia; these discussions have been recently chronicled and reviewed
(Ebben & Murphy, 2014; Rhoads, Camacho, Toven-Lindsey, & Lozano, 2015). Some assert that these online courses carry the
potential to revolutionize the boundaries of modern learning bymaking high-quality education available to a muchmore vast
pool of students (Waldrop, 2013). To this end, early instructors using this format enthusiastically proclaimed “…there's no
reason to limit the geographical boundaries. Anywhere there is an Internet connection, students can log-on to learn and get
help” (Moore & Janowicz, 2009, p. 4). MOOCs can also serve as an outlet for worldwide university outreach, expanding av-
enues for providing free, credible information to the general public. For example, some suggest that MOOCs will improve
science and health literacy awareness and discussion among the public (Goldberg et al., 2015; Leontyev& Baranov, 2013). The
power of a MOOC can be realized “especially on taboo subjects such as acquired immunodeficiency syndrome (AIDS),
tuberculosis, and contraception” (Liyanagunawardena &Williams, 2014, p. 11). In cases where rapidly emerging fields are led
by a small group of specialized experts, such as pharmacogenomics, MOOCs offer a route to efficiently improve in depth
education for a larger group of students than can be handled by individual faculty at all institutions (Ma, Lee, & Kuo, 2013). In
professions where continuing education is desirable or required, MOOCs also provide an efficient venue for adult working
professionals to gain new skills or stay current with new developments in their field. To this end, several MOOCs has been
certified for the purpose of providing continuing education to adults in professional fields such as K-12 teaching (Vivian,
Falkner, & Falkner, 2014), and physicians are beginning to promote MOOCs for continuing medical education, particularly
for medical practitioners in remote locations (Murphy & Monk, 2013). Clearly MOOCs have tremendous potential for the
promotion of life-long learning beyond the traditional classroom.

On the other hand, not all academics welcome MOOCs with open arms and view the possible future scenarios through
such rose-colored glasses. Some educators fear that a rapid proliferation of MOOCs could compromise the quality of learning
and lead to a deterioration of the post-secondary education system. These critics point to the importance of face-to-face
classroom engagement, laboratory, clinical, or fieldwork, and other aspects of the college experience outside of the pur-
view of formal coursework that would be difficult or impossible to replicate online (Cooper & Sahami, 2013; Harder, 2013;
Martin, 2012; McNutt, 2013). While most will now admit that online resources and online learning have a rapidly expand-
ing place in higher education, the current common platform configurations (Fidalgo-Blanco, Sein-Echaluce Lacleta, & García-
Pe~nalvo, 2015) and other limitations to synchronous, hands-on, and face-to-face experiences mean that MOOCs cannot so
easily replace higher education as we know it today. Others point to the relatively advanced education levels (Emanuel, 2013)
or high socioeconomic status (Hansen & Reich, 2015) of a large percentage of early participants to dampen the claim that
MOOCs are the solution to widening access to education. Moreover, since the overwhelming majority of MOOCs constructed
to date are in English, language access can be added to the technology access barrier for many populations
(Liyanagunawardena & Williams, 2014), although the landscape in this regard is rapidly evolving. Another set of concerns
cited revolves around the potential impact of MOOCs on academic life. Opponents of theMOOCmovement point out that they
contribute to the casualization of academic labor and threaten current institutions of higher education (Kolowich, 2013;
Rhoads et al., 2015). Certainly the impact of MOOCs on the economic models of higher education constitutes a subject of
intense interest (Hollands & Tirthali, 2014; Hoxby, 2014), and some find the uncertainty in that arena unsettling. These and
other ethical implications of MOOCs, including cheating/plagiarism or research ethics involved for the large datasets pro-
duced by human subjects, have been recently explored (Marshall, 2014).

1.1. Prior research

Distance, online, and other forms of e-learning have a rich history of research, reviews of that research, and development
of models and frameworks (Arbaugh et al., 2009; Bernard et al., 2004; Childs, Blenkinsopp, Hall, & Walton, 2005; Gikandi,
Morrow, & Davis, 2011; Leacock & Nesbit, 2007; Lee & Choi, 2011; Roca, Chiu, & Martínez, 2006; U.S. Department of
Education, 2010; Zawacki-Richter, B€acker, & Vogt, 2009). However, MOOCs and research specifically related to MOOC ped-
agogies and learner outcomes are relatively recent developments in this arena. The MOOC research literature prior to 2012
has been reviewed elsewhere (Liyanagunawardena, Adams, & Williams, 2013).

Researchers from multiple disciplines have studied students' demographics, their performances, MOOC retention rates,
best practices for course design and pedagogy, etc. Most studies about MOOCs to date have employed primarily quantitative
or mixed-methods, such as analysis of course statistics and student survey data. For example, some of the early published
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research examined student learning in edX's first MOOC by evaluating course component access and completion, time spent
on each resource online, scores on assignments, persistence, and some student demographic and survey data such as location,
age, and selected reasons for enrolling (Breslow et al., 2013; DeBoer, Stump, Seaton, & Breslow, 2013). More recent studies
have used survey data to explore education research topics such as students' self-regulated learning behaviors in the context
of MOOCs (Hood, Littlejohn, & Milligan, 2015). Research into innovative course designs is beginning to show promise in
increasing course completion rates (Fidalgo-Blanco et al., 2015; Fidalgo-Blanco, Sein-Echaluce, & García-Pe~nalvo, 2016).

Researchers examining the effects of MOOCs on participants who cannot afford formal post-secondary education found
that these learners were much less likely to have a college degree and were much more likely than a comparison group to
enroll in a MOOC due to reasons of geographic isolation (Dillahunt, Wang, & Teasley, 2014). Students who self-reported that
they could not afford a formal college educationweremore likely than the comparison group to be using aMOOC to see if they
wanted to enroll in a more formal college course and were also more likely to be awarded a certificate of achievement
(Dillahunt et al., 2014).

Researchers examining the pedagogies employed in a cross-section of MOOCs determined that an objectivist-individual
approach (Arbaugh & Benbunan-Fich, 2006) was the most common framework and was used in all 24 MOOCs examined
(Toven-Lindsey, Rhoads, & Lozano, 2015). They conclude that MOOC creators should “ …strive for more creative and
empowering forms of open online learning” (Toven-Lindsey et al., 2015, p. 1).

Qualitative work in MOOC research is just beginning. The affective domain has been investigated through qualitative
methods examining student writing in assignments and on discussion forums in MOOCs (Comer, Clark, & Canelas, 2014).
Motivation to learn in MOOCs has recently been studied from various perspectives, such as by examining aspects of language
and social engagement (Barak, Watted, & Haick, 2016). Finally, novel research methods such as blog mining have been
developed to gauge the tenor of recent online discussions ofMOOCs in various nontraditional publication outlets (Chen, 2014).

Motivation plays a key role in persistence and the extent of learning in all education environments, and there is a rich body
of literature on the complex relationships between students' motivations, attitudes, and levels of engagement in a variety of
learning contexts. Motivation theory is often invoked to explain why individuals choose to participate in certain tasks and
their related effort level (Bandura, 1989a, b; Graham & Weiner, 1996; Keller, 1979). Participation in MOOCs currently falls
heavily into the category of “voluntary learning,” so therefore it follows thatmotivation is especially important in determining
individual differences in both total time spent on learning and effort intensity (Lei, 2010). While reviewing the rich history of
the development of motivation theory in various contexts is beyond the scope of this contribution, interested readers are
referred to reviews of motivation studies in online learning, in general (Bekele, 2010; Hart, 2012), and a recent detailed
discussion of motivation research and its application to MOOCs, in particular (Barak et al., 2016; Ferguson & Clow, 2015;
Kizilcec & Schneider, 2015).

1.2. The present study

Herein, we probe the future of online education through mixed-methods research. This involved analyzing surveys and
interview transcript data from semi-structured interviews of participants in two Coursera courses, Introduction to Chemistry

and Data Analysis and Statistical Inference, to gain a deeper understanding of the MOOC student experience. Our initial
research questions were very broad:

1. Who are the students taking MOOCs?
2. What motivates students to take MOOCs?
3. What can we learn from students that may help improve the MOOC experience?

We aimed to use semi-structured interviews and qualitative coding techniques to probe more deeply into the relationship
between motivation and engagement and explore emerging themes that to date have been only examined in a cursory way
through surveys. For example, what challenges do participants face in the effort to have full engagement with and deep
learning of the course materials? By understanding the motivations for students to take MOOCs, as well as the challenges one
might face throughout such courses, we aim to provide insight into a poorly studied topic, providing a foundation for further
research. Ultimately, such research could lead to platforms and pedagogies that maximize the number of positive student
experiences and provide a better learning environment for those who choose to enroll.

This project examines students' motivations and perceived barriers and challenges by interviewing students in the two
courses. The project can contribute to the literature on MOOC students' motivation and provide deeper understandings of
how MOOC designers can help learners overcome their perceived barriers in taking the course.

1.2.1. Description of courses

The Introduction to Chemistry course is taught by the sixth listed author of one of the submitting institutions. The session-
based course seeks to reach students with little to no background in the subject in order to prepare the students for further
study in chemistry, which is needed for many science, health, and policy professions. Students are introduced to chemical
problem solving involving topics such as atoms, molecules, ions, the periodic table, stoichiometry, chemical reactions,
bonding, thermochemistry, and gas laws. The course features videos, discussion forums, problem sets, quizzes, and exams as
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well as an optional writing project assessed by peers. It was adapted from a campus-based course described in detail else-
where (Canelas, 2015; Hall, Curtin-Soydan, & Canelas, 2014). Since the completion of the data acquisition for this study, the
course has been split into two shorter courses: Introduction to Chemistry: Reactions and Ratios and Introduction to Chemistry:

Structures and Solutions.
The fifth listed author of one of the submitting institutions teaches the Data Analysis and Statistical Inference course. The

session-based course aims to introduce students with little to no experience to the discipline of statistics while learning how
to collect data, how to analyze data, and how to use data to make inferences and conclusions about real world phenomena.
The course features videos, quizzes, and exams as well as data analysis labs in the R statistical language and an independent
data analysis project assessed by peers. Since the completion of the data collection for this study, this course has also been
split into a series of courses that make up the “Statistics with R” Coursera specialization.

2. Theoretical framework

This work is comprised of mixed-methods research guided by the literature and scholarship in motivation theory, e-
learning, and distance education theory (Bernard et al., 2004; Sun, Tsai, Finger, Chen,& Yeh, 2008). We draw inspiration from
the e-learning theoretical framework outlined by Aparicio and coworkers, who use an overlapping domains conceptual
framework consisting of people (stakeholders), e-learning technologies including those designed for content and commu-
nication, and e-learning activities including pedagogical models and instructional strategies (Aparicio, Bacao, & Oliveira,
2016). This is a comparative case study using the framework method for thematic development and analysis of semi-
structured interview data.

The theoretical framework for the study described herein involves overlapping domains of student motivations, barriers/
challenges, and demographics. Motivations for students to engage in a course can vary greatly from extrinsic to intrinsic in
online learning environments (Hartnett, St. George, & Dron, 2011). According to the pre-course surveys that the university
sent out to their MOOC students, the majority of students signed up for a particular MOOC because they considered it fun or
they were interested in the topic (Belanger & Thornton, 2013). Other reported motivations for taking a MOOC included (1)
supporting lifelong learning or gaining an understanding of the subject matter with no particular expectations for completion
or achievement, (2) convenience, often in conjunctionwith barriers to traditional education options, and (3) to experience or
explore online education (Belanger& Thornton, 2013). Another study using survey data reveals that over half of students in an
edX course chose to enroll in that course because they wanted to learn the knowledge and skills offered by that course
(DeBoer et al., 2013). MOOC students' varied motivations also affect their participation in course activities. Yang (2014) found
a positive correlation between MOOC students' intrinsic motivation and their participation in online discussions, but this
relationship only occurred during later phase in the MOOC. Similarly, Halasek et al. (2014) stated “participants' interests and
personal motivation determined whether and how they engaged with course materials…” (p. 162).

While online education provides learners greater opportunities to access learning resources, it also generates new chal-
lenges to online learners (Anderson, 2008; Song&Hill, 2007). Lack of prompt responses from instructors, toomany channels to
obtain information online, lack of effective self-regulated learning skills, procrastination, and superficial participation in online
discussion are someof the commonchallenges for online learners (Song&Hill, 2007).MOOCsusuallyhave thousandsor tensof
thousands of learners, so those challenges listed above can be even more obvious for MOOC learners. For example, because of
the instructor to student ratio,manyMOOCsuse thediscussion forum for students to askquestions instead of direct emails toor
conversations with the instructor. Instead, peers are answering questions more often than the instructor. Additionally, many
MOOC learners drop courses because of low self-regulated learning skills and procrastination (Diver &Martinez, 2015).

Using our theoretical framework, we will probe motivations, barriers, and demographics as well as the overlap of these
domains to draw conclusions about the experience of participants in the MOOCs.

3. Data and methods

3.1. Data collection and description of sample

Participants were recruited from both courses through announcements on the Coursera course sites, email messages, and
posts on the courses' Facebook pages (Appendix A). The first stage of the interview subject recruitment was a survey inwhich
students were asked about their spoken English fluency and whether or not they were willing to participate in an interview
(Appendix B, document 1). At the time the surveywas sent out, the Statistics course had roughly 10,000 students participating
on a consistent basis in the course and the response rate was roughly 15%. The response for the Chemistry course was slightly
higher, with a 28% response rate from the roughly 3000 active students at the time the survey was sent out.

We used stratified sampling to identify a diverse set of interviewees based upon gender, age, educational background,
income, and geographic location. We interviewed 20 students from Chemistry and 16 from Statistics; Table 1 shows a
breakdown of the participants' demographics for each class. The interviewer guided the participant through a series of
questions according to the interview guide (Appendix B, Document 2) over an audio-only internet line (via Skype) with
interviews lasting from 30 to 45 min. Using the semi-structured interview format, questions from the guide were supple-
mented by additional follow up questions as they arose. For instance, interviewees were asked about their educational
background prior to the course, how they planned to use the course material after completion of the course, and how
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important the course was to them. The interviews were recorded, transcribed via a professional transcription service (Cas-
tingWords), and then analyzedwith the aid of statistical and qualitative analysis software: RStudio and NVivo, respectively. To
protect participant privacy, all data was de-identified to remove personal descriptors (names, emails) prior to analysis.

All subject recruitment and consent processes (Appendix C) followed protocol C0103, “Understanding the MOOC Student
Experience through Qualitative Research Interviews,” which was approved prior to beginning subject recruitment and data
collection by one of the submitting universities' Institutional Review Boards (IRB).

We did not analyze the data for completion rates of the interview participants. As noted by DeBoer and colleagues, the
extremely low barrier for “enrollment” in a MOOC means that traditional academic terms such as enrollment and partici-
pation need to be reconceptualized in order for them to regain meaning in this context (DeBoer, Ho, Stump,& Breslow, 2014).
This has caused researchers to begin analyzing retention data in alternative ways, such as by considering students who
registered for verified certificates as a separate track (Engle, Mankoff, & Carbrey, 2015) or by using latent profile analysis (a
form of cluster analysis with a time dimension) (Wiebe, Thompson, & Behrend, 2015).

3.2. Sentiment analysis methods

In order to understand the overall attitude of the interviewee responses, we analyzed the transcript text files using an
automated sentiment analysis method. The analysis cross-referenced the words in each of the transcripts with an opinion
lexicon of both positive and negative words (Hu & Liu, 2004). The sentiment analysis followed the approach suggested by
Breen (2014). Using this method, we calculated the sentiment score for each sentence in the transcript of interviewee
comments using the following formula:

Score ¼ Number of positive words � Number of negative words

� If Score > 0, the sentence is considered to have an overall ‘positive’ opinion

� If Score < 0, the sentence is considered to have an overall ‘negative’ opinion

� If Score ¼ 0, the sentence is considered to have an overall ‘neutral’ opinion

A breakdown and quantitative analysis of sentiment scores by individual properties was performed to understand the
overall attitude of different groupings of people who were interviewed.

3.3. Qualitative analysis methods

We also analyzed all interview transcripts through a manual text coding process using a framework method with
emerging thematic analysis via NVivo, a qualitative data analysis software program. Prior to coding, interviewee names were

Table 1

Description of Sample: Interview participants.

Chemistry

n (%)

Statistics

n (%)a
Total

n (%)a

Gender Female 9 (45%) 4 (25%) 13 (36%)

Male 11 (55%) 12 (75%) 23 (64%)

Highest Level of Education Less than HS 1 (5%) 0 (0%) 1 (3%)

Some College 3 (15%) 0 (0%) 3 (8%)

Associate's Degree 1 (5%) 0 (0%) 1 (3%)

Bachelor's Degree 8 (40%) 11 (69%) 19 (53%)

Graduate Degree 7 (35%) 5 (31%) 12 (33%)

Age 18e24 6 (30%) 2 (13%) 8 (22%)

25e34 6 (30%) 10 (63%) 16 (44%)

35e44 3 (15%) 2 (13%) 5 (14%)

45e54 2 (10%) 1 (6%) 3 (8%)

55þ 3 (15%) 1 (6%) 4 (11%)

Annual Income <$20,000 6 (30%) 5 (31%) 11 (31%)

20,000e34,999 4 (20%) 2 (13%) 6 (17%)

35,000e49,999 3 (15%) 0 (0%) 3 (8%)

50,000e74,999 1 (5%) 6 (38%) 7 (19%)

75,000e99,999 2 (10%) 1 (6%) 3 (8%)

100,000þ 4 (20%) 2 (13%) 6 (17%)

Continent Africa 1 (5%) 2 (13%) 3 (8%)

Americas 13 (65%) 3 (19%) 16 (44%)

Asia 3 (15%) 6 (38%) 9 (25%)

Europe 3 (15%) 5 (31%) 8 (22%)

a Percentages provided do not always add up to 100% due to rounding.
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replaced with unique identifiers following the procedure outlined in the approved IRB protocol to protect individual privacy.
In cases where illustrative quotes are given herein, interviewees are identified by this unique identifier, which includes both a
number and a letter; the letter “c” indicates that the student was enrolled in the chemistry class, while “s” indicates that the
student was enrolled in the statistics class.

Prior to the workshop described below, the core research team conducted some initial coding of small samples from the
dataset and developed a coding protocol and initial structure of coding nodes (also called “codes” in some published liter-
ature) based upon the research questions and emerging themes. The coding structure was generated so that nodes were
either organizational parent nodes or child nodes with literal meaning; these types of nodes, referred to as “substantive”
nodes, are more readily interpreted than nodes used for more abstract, “theoretical” coding (Maxwell, 2005). The initial
protocol that was developed through this process included thematic codes for challenges/barriers, community participation,
course components, course feedback, motivation, and previous experience with the topic (see Appendix D for the portions of
the final nodal structure relevant to the results described herein, and Appendix E for an illustration of how parent and child
nodes are related).

Then, a team of nine researchers coded the interview transcript sources during an intensive, 1.5 day coding workshop. The
third author, a social science researcher who specializes in qualitative methods and has been authorized by QSR International
as a trainer for the software program (NVivo), designed and led the workshop. In addition to the workshop leader, the coding
team was composed of members with a variety of skills and education levels: two were faculty members, one was a senior
staff researcher with a PhD, one was a staff member with a doctorate in education, and the remaining coders were un-
dergraduates in their senior year of college. To establish agreement among coders and gain familiarity with the interview
sources and coding process, on the afternoon immediately prior to the full day of coding, the entire coding team read and
manually coded a selection of text from two interviews (one each from chemistry and statistics). The full coding team then
discussed questions, emerging themes, and differences in individual coding. During the following morning, the coders
transferred their coding into the NVivo software and individually coded a third selection. The group then again compared
coding, discussed emerging themes and interpretations, agreed upon addition of new nodes, and refined and clarified def-
initions of existing nodes. Each coder was then assigned a set of interview transcripts to code individually. The workshop was
structured to continually check coding; coders also collaboratively refined the coding protocol during the sessions as themes
emerged. Throughout theworkshop, individual coders keptmemos or journals of their coding progress or questions in a place
designated in the software for such memoing. After each period of individual coding, the coding team convened for a group
discussion twomore times during the workshop to compare coding, discuss questions, and resolve discrepancies. Coding was
then cleaned by the workshop leader and analyzed further in NVivo.

3.4. Limitations

Before beginning the discussion of results, a few limitations of this work should be noted. Due to the small sample size, we
can only make inferences about this sample of students and not towards the entire population of students taking MOOCs. In
addition, there is slight selection bias due to the fact that only students with a self-reported professional working, native, or
bilingual proficiency in English were interviewed. Both courses were taught in English, so students with a lower English
proficiency might have had more difficulties in certain aspects of the MOOCs than others who were more fluent. Future
studies might have multilingual interviewers who can successfully interview a wider range of students from different
countries in order to understand a larger portion of the population.

In terms of limitations in the coding and analysis aspect of the work, only interviewee responses were coded, and un-
derstanding that text in context during the analysis stage becomes difficult when analyzing sentences separately from each
other. To mitigate this effect during the coding workshop, interviewer statements and questions were visible, and each coder
worked through an interview from start to finish to maximize understanding of context. Lastly, it is possible for the interview
responses to have errors in their transcription, leading to incorrect assumptions about the student. To reduce the impact of
this limitation, a professional transcription service was employed. Nonetheless, errors of omission, misinterpretation,
incorrect identification of respondent, and assumptions that all statements had equal verbal emphasis are some of the most
common errors when dealing with interview transcriptions (Krueger, 2006).

4. Results and discussion

4.1. Sentiment analysis

The sentiment analysis extracted 10,954 total interviewee statements: 6183 from participants in the chemistry course, and
3576 from participants in the statistics course. This analysis of the students' transcripts showed that about 80 percent of the
comments were neutral (8993 neutral comments, see Fig. 1). That means that, in a particular statement, there were just as
many positive phrases as there were negative. Overall, the average sentiment score was about 0.162, which means that the
comments had a slightly positive skew. The frequency of positive, negative, and neutral statements can be seen in Fig. 1.
However, in order to understand what students liked and disliked about the course, we continued the analysis without
neutral statements. We looked at only positive and negative statements to understand any extreme sentiments that students
might have in the course or MOOCs in general.
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Of the 650 statements that had extreme sentiment scores (i.e. above þ2 for positive and less than �2 for negative), 80% of
the statements were positive (520 extremely positive statements: 292 from chemistry participants and 228 from statistics
participants; 130 extremely negative statements: 80 from chemistry participants and 50 from statistics participants). This
does not imply that everything that a student said in the interview was positive, but this indicates that students were
generally pleased with different aspects of their course. This positive skew might be expected, as the students who were
interviewed liked the course enough to participate in the study and remain in the course past the midway point.

The demographics of the interviewees were considered in order to better understand if certain groups might have more
positive perceptions of the online platform. The groups with more positive statements and the groups with more negative
statements were then analyzed question by question using NVivo. After breaking down the demographics, and repeating the
sentiment score process for each individual, we see that there are some differences in the proportions of positive and negative
statements by different demographic groups. Fig. 2 displays the proportions of negative and positive sentiments by de-
mographic groups based on age, gender, education, income, and continent.We can see that bigger differences in percentage of
positive sentiments occur across the levels of previously completed education, with the highest level of positive sentiments
among those with a Bachelor's degree, and across the levels of gender, with statements by males being overall more positive
than those by females.

A Chi-Square Test for Independence was also performed to evaluate whether these data provide convincing evidence of an
association between these variables and whether or not the statement has a positive sentiment. Table 2 summarizes the
results of this analysis. While age and incomewere not significantly associated with whether or not a statement was positive,
education, gender, and continent were found to be significantly associated with whether a statement was positive or not
positive.

To further this investigation, we aggregated the data at the interviewee level and built a linear regression model for
predicting the percentage of positive statements by each interviewee based on these demographic attributes.We started with
a full model including age, gender, education level, income, and continent as well as the number of statements made by that
interviewee in order to control for the varying lengths of interviews. We then conducted backwards variable selection based
on AIC which yielded a final model that included only education and gender. The regression coefficients of this final model, as
well as their confidence intervals, are displayed in Fig. 3. We can see that having a Bachelor's or graduate degree is positively
associated with higher levels of positivity towards the course, compared to having a high school degree or lower. Conversely,
being female is negatively associated with positivity towards the course, compared to being male, however this difference is
not highly statistically significant.

The sentiment analysis described so far gives a general understanding of how the students interviewed felt about the
course in terms of overall attitude (positive, negative, or neutral). Understanding overall attitude is important because of the
reported link between positive educational climates and increased student motivation for learning and academic achieve-
ment (Cohen, McCabe, Michelli, & Pickeral, 2009). The attitude of the interviewee statements was more positive than
negative, indicating that MOOCs offer a constructive learning environment with manageable levels of frustration; this sup-
ports the findings of previous work examining the attitude of student writing on MOOC forums (Comer et al., 2014). The
qualitative analysis described in the next section provides a more detailed portrayal of how students responded to each
individual question, providing the authentic voice of the students and allowing for more in-depth inferences on what fa-
cilitates a better atmosphere for students in MOOCs.

4.2. Qualitative analysis

The qualitative coding process provided a frameworkmethodwhich allowed us to code for emerging themes. Through this
process and the subsequent analysis of coded data, we began to better understand students' motivations while delving into
the challenges and barriers that affected participant success in reaching their goals for the courses.

Fig. 1. Frequency of positive, negative, and neutral statements in the 10,954 total statements.
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4.2.1. Motivations

For our purposes, we defined motivation as “a reason for taking or completing the course.” We coded 356 mentions of
various motivations found in 35 out of 36 interviews (Fig. 4). The most commonly coded node was knowledge; most students
are intrinsically motivated to augment their knowledge in statistics or chemistry (referenced in 33 interviews). Other common

Fig. 2. Percentage of positive and negative statements by variable.
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themes in motivation that were coded to nodes include work (referenced in 23 interviews), convenience (mentioned in 21
interviews), and personal interest (referenced in 20 interviews). The least commonly codedmotivation nodes were pursuit of a
hobby, motivation coming from the high quality of the course, or motivation arising from the MOOCmaterials being easier to
understand than previously encountered materials. Some of the coded motivations are expanded in more detail below with
illustrative quotes.

As shown in Fig. 4, by far the most commonly coded reason for taking or staying in both courses was students' desires to
learn and improve their knowledge about the topic (92% of interviewees). For some, knowledge was the major or only stated
motivation. For example, a statistics student noted “the main reason was I was interested in learning the material” (Inter-
viewee S2), while a chemistry participant stated “I decided to take this course just because I wanted to learn chemistry, and
that's it” (Interviewee C18). By contrast, interviewees were relatively ambivalent about the ability to earn a certificate as a

Table 2

Results of Pearson's Chi Square Test of Independence of each variable vs. positive sentiment.

Х
2 Statistic df p-value

Age 6.72 4 0.1515

Gender 7.97 1 0.0048

Education 30.12 2 2.88e-07

Income 8.27 5 0.1420

Continent 8.86 3 0.0312

Fig. 3. Regression coefficients (and confidence intervals) for predicting positive sentiment percentage.

Fig. 4. Percent of Interviewees (N ¼ 36) who made statements coded to motivation nodes (391 total statements coded to these nodes.).
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motivator, which is discussed in more detail below. While some education policy pundits might argue that our society is
abandoning the goals of deep and meaningful learning and veering toward an age of credentialing, it's clear that the vast
majority of our interviewees were more interested in learning content than earning any sort of credential. One statistics
participant summed up this sentiment by simply stating, “it's not about getting the qualification. It's the process of learning”
(Interviewee S13).

While gaining knowledge was clearly the most frequently coded motivator for participants, references to participants'
current jobs were also very prevalent in the interview transcripts. Sixty-four percent of interviewees were coded as
mentioning an extrinsic motivating factor related to their work. For example, one statistics student stated, “I'm not that
familiar with processing data, so the course is helping me perform better in my job, and understanding the data and un-
derstanding technology to really filter through the data and make sense of it” (Interviewee S10). Of particular note is that five
interviewees were teachers whose motivations for taking the course involved improving their ability to teach the same
material. One participant noted “I am just looking at the different perspectives of explaining things, because I'm in teaching,
so I need various ways to explain tomy students” (Interviewee C3). Other teachers participating in theMOOCs gained insights
by revisiting education from the student's perspective. For example, one interviewee described the impact of being in an
economically diverse pool of participants and how that shed light on the learning experiences of his or her own students:

…teaching undergraduate students chemistry, some of them are coming from very poor background, very weak knowledge of

chemistry. Learning this, putting myself in the position of a student and learning these through Coursera also improves the

way I interact with my students, especially those that are coming from very poor background. (Interviewee C1)

Over one quarter (28%) of the interviewees made statements coded as motivation to take the MOOC to begin, change, or
advance their careers. Some nontraditional students viewed the MOOCs as an accessible avenue for gaining the necessary
foundation for such a leap. As an illustration, one chemistry student described a growing desire to enter a healthcare
profession:

…after having a chronic illness in my early 20's, I got married young and I never really got the opportunity to pursue higher

education. Medicine became a no-brainer because there really isn't anyone in my immediate family or friend groups whose

lives haven't been touched by illness and haven't been hurt by poor doctors… It's an area that's always interested me that I'm

looking at and going “Well, you know what, if I can bring a little humanity to this in my little corner of the world, it would be

a good thing to do. (Interviewee C6)

Without a doubt, in the cases studied here, employment concerns were powerful motivating factors. As previously noted,
the application of learning in MOOCs to current employment (coded as work) and future employment prospects (coded as
career change or advancement) were new themes that emerged in our research. Example interviewee statements coded as
work include “The demands of the IT business are such that you need to learn, all the time. ” (Interviewee S3) and “I wanted to
use it as an aid in my classroom, as well as to refresh some of my memory from general chemistry, as I teach it” (Interviewee
C9). Career advancement themes emerged for some interviewees and included statements such as this one about further
schooling:

The reason I take the Coursera courses is because I have applied in graduate programs in the US. It's important for me to get

used to the English lessons first. This data analysis is important to my future study, so that's why I chose this class.

(Interviewee S9)

Both of the courses in our study relate to science, technology, engineering, and mathematics (STEM) professions, so the
strength of the work motivation might not be as pervasive in MOOCs about subjects that might be more often equated to
leisure pursuits.

Many of the interview statements that were coded tomotivation nodes reinforced and augmented the findings of Hewand
Cheung (Hew & Cheung, 2014). These researchers scoured previously published academic literature and noted “four reasons
why students sign up for MOOCs: the desire to learn about a new topic or to extend current knowledge; they were curious
about MOOCs; for personal challenge; and the desire to collect as many completion certificates as possible” (Hew & Cheung,
2014, p. 45). On the latter point, both of the courses offered the ability for participants to earn a certificate called a “statement
of accomplishment” or a “statement of accomplishment with distinction” upon successful completion of set percentages of
the assignments. Interviewers asked the students how important the course was to them, and 80% of the students inter-
viewed made some mention of these course certificates in their response. Fig. 5 shows that, among the students who
mentioned the certificate, about 36% cared about successfully obtaining the certificate, 25%were indifferent towhether or not
they earned it, and about 31% of the students mentioned not caring about receiving the certificate at all. As an illustration, a
statistics participant noted “I'd say the certificate matters a little. I would want to get it. But if it didn't include one, then I
would take it anyway just for the material” (Interviewee S5). Some clarified that the certificate is important, but not as
important as the knowledge: “Mostly, it's a matter of gaining knowledge, gaining experience competencies, but not the
certificate, although it's also very motivating to be above 80 percent and get the certificate with a distinction” (Interviewee
S3).

Indeed, our findings regarding the motivating power of the certificate offers a counterpoint to the work of Hew and
Cheung (2014) and others (Greene, Oswald, & Pomerantz, 2015; Phan, McNeil, & Robin, 2016), while affirming the deduc-
tion that many learners are not seeking any sort of credential or course credit (Kolowich, 2013). Twenty percent of
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interviewees did not mention the certificate at all, and of those who did mention the certificate, we coded the majority of
comments to either “ambivalent” or “don't care.” So, while students with a high achievement orientationmight find earning a
certificate to be motivating, this feature of MOOCs did not motivate the majority of participants in these particular courses.
This finding is particularly interesting because both MOOCs in our study had multiple choice quizzes that could be submitted
multiple times. In prior work analyzing motivations in online courses, Hoskins and van Hooff noted that “of those that
repeated an online quiz, improvement was more likely in those with lower achievement orientation” (Hoskins & van Hooff,
2005, p. 177). Perhaps the landscape and format of MOOCs offers a comfortable learning venue for students with relatively
low achievement orientation? More research in this area is needed.

Another theme that emerged during our data analysis is that students take MOOCs because they are convenientdMOOCs
are free and can be taken any time of the day or nightdand for some students this flexibility was motivating. As an illus-
tration, the following excerptwas coded to convenience: “On Coursera, it's just aboutme andwhatever I feel like learning and I
can take all the time I want to on it. It's online, I don't have to travel 30 min out of my way” (Interviewee C10). This affirms the
findings of earlier research via questionnaires that flexibility and ease of use are critical reasons that online course partic-
ipantsdparticularly adult learners with jobs, family, or other obligationsdfind satisfaction in their engagement with e-
learning (Arbaugh & Duray, 2002; Sun et al., 2008). As another example, a previous study comparing 17 course sections that
included some asynchronous online “distance” sections, traditional face-to-face sections, and blended sections found “there
were no significant differences in perceived learning by students associated with mode of delivery… while convenience was
rated highest in the distance sections” (Benbunan-Fich & Hiltz, 2003, p. 298).

MOOCs offer additional flexibility to learn online in the absence of needing to earn a certain grade, which might explain
the prevalence of mentions of fun or personal interest as motivators (28 and 34 references, respectively). We hypothesize that
these elements of motivation to enroll in the first placemight bemore difficult to find in a traditional campus-based or credit-
based online STEM course where all students receive a letter grade at the end. Several students expressed this sentiment.
Many students found it convenient to explore only the portions of the course that interested themwithout feeling guilt over
not completing every single aspect of the course. For example, one student described experience with MOOCs “I've actually
found them very enjoyable. I think what I do enjoy is the freedom, so I don't necessarily have to participate in all the quizzes
and all the assignments if I don't want to” (Interviewee S10). Participants reveled in this sense of liberty; one noted “I think
there's more freedom to it than there is in a university course. And that's one of the things I like about it” (Interviewee C18).
For some, the fact that the course was free and ungraded led to flexibility in academic exploration:

…if there's a course like introduction to algorithms or chemistry and I don't know if I have time or the academic background

to complete the course, I'd say, “Hey, just take the course. See how it goes. You can dip your toes in and if it works, it works. If it

doesn't, it doesn't. It's no big deal.” It allows me to try things out that I wouldn't otherwise try. (Interviewee C12)

While the increasing cost of college education prevents many individuals from exploring new academic subjects, MOOCs
provide an opportunity to learn without barriers to entry. One participant with a job and family demands said the following

Fig. 5. Interviewee attitudes about earning a certificate, or “statement of accomplishment” (73 statements coded to certificate nodes.).
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about post-secondary education opportunities: “…it would mean enrolling in some alternative university. Typically, I
wouldn't have time to do that. If I wanted to enroll at Duke, it would be completely unreachable because I'm six time zones
away” (Interviewee S3). Another appreciated the chance to learn online because “I'm able to do it because I'm in this remote
location and there are no resources” (Interviewee C19). The fact that MOOCs are convenient and free does not imply that
participants in MOOCs take learning for granted; a chemistry student summarized his or her attitude about MOOCs suc-
cinctly: “I take them very seriously” (Interviewee C14).

Although our analysis of the interviews indicate that acquisition of knowledge was the primary motivator for most par-
ticipants, measurement of meaningful or deep, long-term learning in a MOOC setting is difficult. Most research to date
mentioning assessment of learning has focused on student self-reports of learning primarily through surveys and ques-
tionnaires (for example, Gooding, Klaas, Yager, & Kanchanaraksa, 2013). More research is needed to determine whether a
connection exists between participant motivations in MOOCs and deep, meaningful learning.

In summary, analysis of the interview transcripts captured the learners' authentic voices regarding motivations for
enrolling in the MOOCs. By coding these transcripts, we discovered both a wide range of learner-expressed motivations and,
in many cases, a deep and rich insight into the specific ways that extrinsic and intrinsic factors motivated the students. In
some but not all settings, learner comments were aligned with extrinsic motivation, but other learners had no extrinsic
motivations coded from their interviews. On the other hand, all learners made comments that were coded to various types of
intrinsic motivations for participating in the MOOCs. Our interpretative explanation (Sandelowski & Barroso, 2003) is that
participants in MOOCs represent a diverse cross section of the world's populations, and this leads to some great disparities in
extrinsic motivations by credentials such as the ability to earn a certificate, while common intrinsic motivations, such as the
desire to gain knowledge, convenience, and personal interest, cut across both courses.

4.2.2. Challenges and barriers

Parkes et al. note that “learning in e-learning environments developed in accordance with social constructivist principles
can be challenging” (Parkes, Stein,& Reading, 2015). Not surprisingly, themes in challenges and barriers developed during the
interview and coding process. These themes included circumstances that affected the student's ability to take and stay in the
MOOC and challenges cited for that student's education in general.

We inductively coded 227 references to barriers and challenges in 35 (of 36) interviews (Fig. 6). By far the most commonly
coded barrier in interview transcripts from students in both courses was lack of time, with 78% of interviewees mentioning it.
Other commonly coded barriers included bad experiences in the past within the subject or topic (33% of interviewees),
inadequate background in the topic (31% of interviewees), and difficulties inherent to the online format (i.e., not being able to
raise your hand and ask the teacher a question).When these barriers were broken down by education level, students with less
than a bachelor's degree mentioned these barriers more often than any other education level.

Since the most frequently coded node in this theme was lack of time, it appears that many MOOC students we interviewed
were not prepared for the time demands of taking a university-level online course. Although both courses provided estimates
that greater than six hours per week would be needed for success in the course (published on their landing pages), many
students attempted to stay in the course while devoting substantially fewer hours. An illustration, one student noted, “I want
to really learn it. In my experience… it's hard to learn something when you only spend a couple of hours a week, especially
chemistry” (Interviewee C14). Another participant expressed the tradeoff between employment and time spent on the
MOOC: “I don't think I've actually been spending enough [time], to be honest … my workload's been such that I haven't
completed any of the quizzes over the last two weeks” (Interviewee S10). Some learners noted that the quantity and rigor of
material impacted their time management:

I would say my learning style is go slowly as I need to fully understand the concept, so I can basically recreate the concept, if

needed and that I don't really need to memorize anything, because I can just logically put it back together if I need to. I

couldn't do that in this course, because there was just too much stuff. I couldn't take the time to fully understand things,

because I just needed to move on to the next thing. (Interviewee C12)

The prevalence of this theme confirms the findings of others (Park & Choi, 2009) that many adult learners are juggling
multiple demands and that this leads to a disconnect between the time expectation for adequate learning in a quantitative
college-level course and the time that they have available outside of their other commitments. Park and Choi have noted that
“external factors such as organizational supports, financial problems, and time constraints have been known to be crucial
obstacles to adults' participation in learning” (Park & Choi, 2009, p. 215). They found that “organizational support” and
“relevance” were particularly important for preventing adult learner drop out from fee-based online coursework, suggesting
that work-related time constraints played a role in that particular study (Park & Choi, 2009).

The next most common barrier coded for participants in both courses was a previous bad experience with the subject
matter, school, or online learning tools. Although some interviewees enjoyed the subjects enough in traditional classroom
settings to have studied them throughout their schooling, other participants had suffered some setbacks or discouragement
in their prior attempts in the subjects of math, statistics, science, or chemistry. One statistics learner recalled, “honestly, I had
a lot of problems with the statistics because in my Bachelor's, I didn't like statistics or mathematics” (Interviewee S1). Several
chemistry participants had also not enjoyed or excelled during their first contact with the subject in formal schooling, and
some had even internalized that as a personal deficit, as illustrated by this quote:
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I got like a one on the AP chemistry exam. It was something that I didn't take too seriously … I think maybe I didn't have a

great experience in the classroom, so I certainly went into college thinking, “OK, math and science isn't for me.” (Interviewee
C19)

Barriers or challenges were coded as overlapping less frequently than motivations. The barriers most frequently cited
together were lack of energy, effort, or interest and lack of time (14% of interviewees). One interviewee explained, “I haven't
done it for the past couple of weeks. I did the first couple of weeks but I've been kind of busy with work and low energy the
last couple of weeks so I haven't really been doing much with it” (Interviewee C20).

As previouslymentioned, the student's geographic location and corresponding lack of resources often proved to negatively
impact their experience in the MOOC. Eleven percent of interviewees mentioned that their geographic location and corre-
sponding lack of resources created barriers for the course. We found that poor Internet connectivity was the most commonly
coded problem:

It's very slow to fill it in China… The professor has provided another way for the Chinese students but sometimes we can't, we

just can't. The video I usually download it because it is very slow to watch it online, but if you download it you cannot see the

quizzes in the video. (Interviewee S9)

However, in some cases, MOOCs help students overcome the lack of resources in their location. A chemistry student noted
that “I think in pretty much every way, learning in a classroom is better, but learning online, I'm able to do it because I'm in
this remote location and there are no resources” (Interviewee C19).

5. Conclusions

The authentic voice of the learner is extremely important in education research, and our study recognizes this value and
delves into an analysis of learner statements about their experiences in MOOCs. Quantitative analysis of learner interview
transcripts revealed that the attitude of the interviewee statements wasmore positive than negative. This result indicates that
the MOOCs could offer a constructive learning environment with manageable levels of frustration. Learners who had already
earned a bachelor's degree as their highest level of education were more positive than learners who had not completed a
college degree or those who had an advanced degree, and this was a highly statistically significant result. We can conclude
that participants with lower levels of formal educationwere more likely to feel lost or become frustrated by the technical and
quantitative subject matter, while thosewho had advanced degrees were perhapsmore likely to view the courses through the
critical lens of an academic reviewer. Students from America made fewer positive statements than students from other
countries, and have on average 15 percent fewer positive statements than students from Africa. This finding from the

Fig. 6. Percentage of Interviews containing text coded to barriers by course; 261 total statements coded to this node.
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sentiment analysis suggests resilience and optimism on the part of students in less developed countries, who were more
positive in their commentary in spite of the fact that they were also more likely to note challenges with infrastructure and
internet access that affected consistent access to the course materials.

The qualitative data presented herein add depth and richness to the existing general knowledge about MOOC learners,
lending insight into known factors such as the range of motivations. All learners voiced at least one of a number of common
intrinsic motivations, such as the desire to gain knowledge, convenience, work, and/or personal interest. The abundance of
statements coded to these four learner motivations cut across both courses, indicating that the results are not discipline
specific. While this confirms the existing body of knowledge about MOOC learner motivation, further research would need to
be conducted to evaluate whether these results apply to other open online learning settings. Lack of timewas by far the most
prevalently noted challenge or barrier, suggesting that time is the most precious resources to learners in all settings! Other
learner-cited barriers and challenges included previous bad classroom experiences with the subject matter, inadequate
background, and lack of resources such as money, infrastructure, and internet access. Clearly, the huge range of learner access
to the critical resources for personal growth (such as primary education and income) and the breadth of existing municipal
infrastructures worldwide must be considered by educators and course designers when creating open online courses for
international audiences. Indeed, the qualitative details about the motivations and barriers experienced by the diverse in-
ternational learner populations should continue to be explored and considered to gain more rich understandings of how all
types of online students interact with their learning environments. To this end, the study presented herein has an important
place in the dialog about the role of MOOCs in education because it presents the authentic voices of the learners.
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