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Abstract—Advanced engineering Massive Open Online
Courses (MOOCs) aim to teach highly technical content to
learners around the world at a much greater scale than the
traditional classroom. Unlike the latter setting, it is common for
many MOOC learners to initiate learning after the official start
date, or even after the course ends. This archive-mode learning
allows students an open-ended period for course completion.
However, little research on MOOQOC:s focuses on how such learners
utilize these resources. To address this gap, the present study seeks
to compare live, late, and archive learners’ intentions, interests,
and behaviors in accessing the course materials in a highly
technical engineering MOOC. Utilizing the Kruskal-Wallis test,
we find that live learners desire to achieve a passing grade at the
onset of the course, while archive learners are less concerned about
grades. Also, learners who work full-time tend to enroll late, while
full-time students tend to enroll as live or archive learners. Most
importantly, while similar classes of behaviors are found in all
groups, a significantly greater proportion of archive-mode
learners complete the course than live or especially late-enrolling
learners. These results suggest that relaxing or removing time
constraints may significantly improve learning outcomes in
MOOCs.

Keywords—MOOC:s, highly technical courses, intentions, effect
size analysis

I. INTRODUCTION

There is no ‘one-size-fits-all’ high quality learning
experience. Hence, the US National Academies of Engineering
has posed a Grand Challenge to Advance Personalize Learning.
In practice, this challenges engineers to design learning
environments that account for learners’ motivations, interests,
preferred style of learning, cultural background, age, and other
factors [1]. While MOOCs, Massive Open Online Courses, have
certainly increased availability of learning content for learners
world-wide, the fundamental aim has been to offer courses at a
much greater scale than the traditional classroom, i.e. “massive”.
The content of courses offered through MOOC platforms range
from courses taken for pure leisure (e.g., a book club [2]) to
courses for personal finance, health and wellness education
(e.g., caring for a loved one with Alzheimer’s [3]) to a wide
range of undergraduate-level technical courses (e.g., algorithms
and data structure [4], writing composition), and even to highly
specialized topics for graduate or professional learners (e.g., the
physics of conductive polymers [5]).

By virtue of the scale of the courses, MOOC learners are
quite heterogeneous, with still largely unknown learning needs
[6], [7]. Individual learners may also have their own varied
needs and intentions, depending on the topic of the course. For
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example, the same person could desire social interaction when
participating in a MOOC on caring for someone with
Alzheimer’s, but prefer to learn independently in MOOCs
focused on engineering research. The level of individual
differences and learning style preferences is largely unknown in
the MOOC environment. MOOCs arguably provide much
flexibility for learners (e.g., anytime learning), yet the format of
the courses are essentially the same regardless of learner needs
or course topic: there are videos, assignments, assessments, and
discussion forums assembled in a fixed order.

While the format of the courses have changed very little
since MOOCs were first offered, most MOOC platforms are
moving away from being completely free and open, to
“freemium” models, where learners or their affiliated employers
pay for access to premium content [8]. New content continues
to be offered through MOOC platforms, particularly targeting
professional  development and continuing education
opportunities for employees of large corporations. Although
MOOOC:s originally aimed to provide free courses to anyone, the
provider platforms have sought to partner more closely with
industries as a potential viable revenue stream [8].

As a result, MOOC platforms have understandably begun to
target professional learners, with US companies spending on
average $1,273 per employee on education in 2016; a total of
$164.2 billion as of 2013 [9]. Science and engineering-related
content is a popular topic for such training that is often delivered
either fully online or in a hybrid format. Finding ways to tailor
content delivery to specific engineering learners has potential to
make the learning process much more efficient and effective.
For instance, in the context of MOOC platforms, a single course
could have multiple branches specifically designed with
particular learners in mind. Recent research on adaptive learning
in MOOCs has shown that it is possible to adapt course delivery
based on learning style [10].

To innovate more personalized online learning experiences
targeted specifically for advanced engineering learners, there is
a fundamental need to better understand learners that seek out
advanced engineering content. The purpose of this paper is to
understand similarities and differences in learner needs and their
usage of a highly-specialized engineering MOOC, based on
whether they enrolled at the beginning of a course, joined after
the course started, or utilized the materials fully in the archived-
mode. The research questions are: (1) What is the significance
of when a learner joins an advanced engineering MOOC in
terms of their intentions and interests in the course? (2) What is



the significance of when a learner joins an advanced engineering
MOOC in terms of their usage of course materials?

II. LITERATURE REVIEW

In US-based MOOC providers, such as edX, Coursera, and
Udacity, learners can enroll at any point in the course, and even
view and interact with all course materials in an archived mode,
after it ends. Learners have a great deal of flexibility in terms
of choice; the ability to choose which resources to utilize and
which to skip, and when to start and disengage from a MOOC.
Researchers have consistently found essentially 4-5 groups of
learners in terms of their usage: those that fully engage with all
materials, those that utilize most materials (without
assessments), those that begin fully engaging, but then drop out
after one or two weeks; and those that sample the material with
sporadic bursts of activity [11], [12].

While some have claimed that low completion rates are an
artifact of learners not intending to utilize MOOCs as a full
course, cluster research and survey research regarding MOOC
learners’ intention demonstrate that the majority of learners
who initiate activity, actually begin with an intention of fully
utilizing the learning materials [7].

Research by Douglas ef al. evaluated learners’ intrinsic and
extrinsic motivations, and found that MOOC learners generally
exhibit overall high levels of innate desire to engage, but vary
in their extrinsic motivation, such as supervisor request and
position requirement [7]. Students generally reported the
highest levels of extrinsic motivation when compared to
workers and unemployed individuals. However, the research
was focused on live learners in two courses, one of which was
the same course of our study. More research is needed on how
to help learners achieve their own learning goals in open
courses and what course characteristics encourage ongoing
engagement.

Researchers have been finding features that describe
learners who display evidence of learning through performance
on assessments. Activity alone is a large prediction of how well
a learner is expected to perform on assessments [13]. In
addition to actually utilizing materials, social interaction has
been found to be a very important variable in learner
achievement [14], [15]. Yet, many learners join MOOCs long
after the course starts, significantly limiting interactions with
anyone associated with the course. To what extent these
learners who join long after official start date utilize materials
is particularly of interest, considering that social networks have
been found to be the most predictive variable in detecting early
drop-out in a large online engineering course [16]. On the other
hand, when enrolling several weeks into a course with
thousands of other learners, one might not have an expectation
of ever interacting with the actual instructor, even if intended to
utilize all other non-social resources.

Campbell and colleagues examined learners’ intention and
behavior in two undergraduate-level courses on statistics and
programing [17]. The researchers created two groups of
comparison: learners who participated in the live-mode of the
courses and those that participated in an archived-mode. The
researchers found that learners in both groups were similar in

terms of usage of course materials (videos, assignments,
assessments, and discussion forum). Previous studies have
viewed late enrollers as a problem to be minimized [18], [19].
Archive-mode (self-paced) learners have been viewed as
having greater potential, but viewed as requiring further
regulation to be successful [20].

Considering that working, professional engineers may have
a need for information ‘just-in-time,” it is important for
researchers to understand their needs, whether or not they
participated in the live-mode of the course. While previous
research has found similarity between the groups when the
courses were introductory-level, it is important to examine
whether the trend is the same in courses with advanced
engineering topics. Furthermore, with flexibility of enrolling at
any point in a course, creating groups of “live” and “archive”
alone may not be sufficient to capture types of learners. A
learner could enroll one-week before the “archive” mode and
then continue utilizing the material into the archive-mode. To
understand more about the fundamental intentions of learners
and their behavior in advanced engineering open courses, we
begin first examining when learners begin engagement in a
course and then empirically determine meaningful groups to
compare intention and behavior. As people continue to enroll
in the course as late as two years after the course has ended, it
is important to examine how learner needs vary based on
whether they participate in the course during the live offering
or once the materials are simply published and available online,
with no personal interaction.

III. METHODS

A. Data Collection and Cleansing

The pre-class survey was administered as part of the first
week’s course material in nano520X, Fundamentals of
Nanoelectronics Part A, offered on the edX platform for 9 weeks
in the spring of 2015. The survey included questions on both
user background and intention for taking the course. After the
nine-week course ended, survey responses from archive mode
learners were continuously collected until February 11, 2017.
During this time, a total of 9412 students enrolled in the course.

The survey data was cleaned by removing incomplete survey
responses in a two-step process. In the first step, responses,
which had at least 50% of the survey items answered, were
considered complete and retained for the second step. For the
second step, completed surveys were checked for 100%
completion of the survey items related to this study’s research
question, or were eliminated from analysis. Less than 2% of the
responses that passed step one were removed in the second step.

The behavioral data was collected as module access data
associated with enrolled learners in the Nanoelectronics course.
We identified 320 course materials (i.e., modules) made
available throughout the course, including lectures (video and
PDF formats), homework, tutorials, quizzes, and exams. In our
subsequent learner behavior analysis, we identified whether
each learner accessed each item, or not. We then employed a k-
means clustering algorithm to group users with similar behavior.
The number of clusters used for each group of learners (live,
late, and archive) was chosen through elbow plots, following the
procedure described in Ref. [11].



B. Identifying Learner Groups

To understand the intentions of different types of learners,
learners were divided into three groups based on their survey
completion date: live learners, late enrollers, and archive
learners. The archive learner group consists those who complete
the survey after course end date, May 26, 2015.

Those who completed the survey before the course end date
were initially identifies as live users. However, when we plotted
the survey completion date (Fig. 1 and Fig. 2), most learners
completed the survey within 10 days of the course start date,
March 26, 2015. A total of 1272 learners completed the survey
(out of 9412 possible respondents), and live learners completed
approximately 34%. Approximately 55% learners completed the
survey during the first two weeks of the live course. After that,
the number of learners who took the survey decreased. Starting
from April 15, 2015, the daily number of people who completed
the survey was less than 10. Therefore, a third group, late
enrollers, was identified.

Late enrollers are those who completed the survey after April
15 and before the course end date, May 26, 2015. Although late
enrollers joined the class when the class was in live-mode, and
the professor was involved in the discussion board, the course
had started three weeks prior, and it is doubtful if the learners
could catch up and fully engage in the course (as shown in the
behavioral data). Often, many course assessments and concepts
(which could be foundational for later parts of the course) were

already completed before the late enrollers joined the course.
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C. The Kruskal-Wallis Test

To determine if live, late enrolling, and archive mode
learners were statistically significantly different in terms of their
intentions, interests, and behaviors in accessing the course
material, we used the Kruskal-Wallis test. We initially
conducted a one-way ANOVA test, and the result showed that
data is not normally distributed, which violates a fundamental
assumption of the one-way ANOVA test. Hence, a non-
parametric test, Kruskal-Wallis test, was used instead to analyze
our data, as discussed in the next section [21].

IV. RESULTS

A. Are live, late enrolling, and archive mode learners
significantly different in terms of their intentions, interests,
and behaviors in accessing the course material?

Out of the total 1272 learners analyzed in this study, 773
were live learners, 49 were late enroller learners, and 450 were
archive mode learners. Table 1 lists all the questions used to
detect the differences in intentions, interests, and behaviors of
the learners in this study.

The non-parametric Kruskal-Wallis analysis of variance
shows that there is a significant difference in the learning goals
among the learner groups (p < 0.001). Live learners hope to
achieve a passing grade, while late enrollers and archive
learners are not concerned with grade outcome.

There was no significant difference among reasons for
taking the course (p = 0.065), what they hope to gain (p =
0.136), and planned time commitment (p = 0.355). Most people
enrolled in this course because of their interest in
nanoelectronics. They hoped to become well acquainted with
foundational principles of nanoelectronics. Their planned time
commitment was 3-6 hours per week.

TABLE L SURVEY QUESTION DESCRIPTION
Question Description
Questions Options

1. I am curious about nanoelectronics.

Which of the following | 2. I am very interested in nanoelectronics.
1 best describes the 3. I am familiar with other courses offered
reason you are taking by Professor Datta.
this course? 4. This course was recommended to me
by someone I know.

1. I want to learn a broad overview of

Which of the following what Nanoelectronics is.

2. I want to become well acquainted with
foundational principles of
nanoelectronics.

. I want to be able to apply material from
this course in future projects related to
nano electronics.

. I wish to achieve a high final grade

. I wish to achieve a passing grade

best describes what

2 | you hope to gain from
the Nanoelectronics
course?

w

Which of the following
best describes you

—_

2
3 learning goals for this 3. I am not concerned with grade outcome
course?
1. 1-3 hours
How much time do you 2.3-6 hours
. 3. 6-9 hours
4 | plan to dedicate each h
week on this course? 4.9-12 hours
’ 5.12-15 hours
6. uncertain




B. What are the demographic characteristics of live, late
enrolling, and archive mode learners?

Fig. 3 indicates that full-time workers are less likely to learn
information about relevant courses on a timely basis, compared
to full-time students as the number of people not working is
much higher in live-mode than the archive mode. We conducted
a Kruskal-Wallis test on employment status, and results showed
that there is a significant difference (p <0.001) among the
employment status of the three groups of learners (see Fig. 3).
Late enrollers appeared to be full-time workers, while live and
archive learners were mostly full-time students.

All three groups appear similar in educational backgrounds
as can be seen from Fig. 4. Approximately 67% of learners in
each group hold a bachelor’s degree or a master’s degree.
Approximately 67% of learners in each group report having
prior related coursework experience (Fig. 5). Approximately
60% of learners in each group report taking more than two
semesters of college-level calculus (Fig. 6). For live and late
enrollers, approximately 50% of learners heard about the
concept of nanoelectronics from the edX website (Fig. 7).
However, for archive learners, more learners (~67%) knew of
the concept from other sources.

Finally, the behaviors of the learners in each segment were
studied via a k-means cluster analysis, described in Methods.
The live learners are clustered in Fig. 8; the late-enrolling
learners are clustered in Fig. 9; and the archive-mode learners
are clustered in Fig. 10.

One key result is that the elbow plot analysis predicts four
clusters for each learner group, pointing to fundamental
similarities between learners in this course. The four clusters are
fully-engaged learners, who participate in all course materials;
consistent viewers, who review most content but do not
complete most assessments; one-week engaged learners, who
terminate substantial involvement after the first week; and
sporadic users, who only participate in a small fraction of the
course materials. While abandonment rates are not directly
measured, sporadic user rates may be viewed as a suitable proxy.

A second key result is that the proportion of users in each
cluster vary with the time of enrollment. In particular, we
observe about s of the live-mode learners are fully engaged;
whereas virtually none of the late-enrollment learners are fully
engaged (although % are often engaged); and % of the archive-
mode learners are fully engaged. On the other end of the
spectrum, about % of live learners are sporadic; about % of late
learners are sporadic; and less than % of archive-mode learners
are sporadic participants.
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V. DISCUSSION

A. Intentions, Interests, and Behavior in Accessing Course
Materials

While previous researchers found little difference in
learners’ interests and behaviors based on time of enrollment
[16], these results suggest that live learners in advanced
engineering courses have different learning goals compared to
late enroller and archive mode learners. Most live learners hope
to achieve a passing grade in the course, while late enrollers and
archive mode learners were not concerned about the grade. This
difference in goals is possibly because live learners have more
intention of participating in the course while the teaching staff
is still involved. They are active in learning and would like to
achieve a passing grade outcome. Late enroller and archive
mode learners did not have the resource of teaching staff;
therefore, they may not have been concerned about the grading
outcome.

Our behavioral clustering on live, late, and archive learners
(Figs. 8, 9, and 10, respectively) reveals two crucial results.
First, it becomes clear similar classes of behavior are found in
all cases, as in prior work [9]. The four classes of behavior
found in all cases are highly-engaged learners, consistent
learners, one-week engaged learners, and sporadic learners.
Second, it appears that a significantly greater proportion of
archive-mode learners complete the course, compared to live or
especially late-enrolling learners. In other words, the fraction of
highly engaged learners increases as one goes from late
enrollment to live-mode to archive-mode. The implication of
this finding is that time constraints create a major penalty in
terms of full participation by students, and that relaxing or
removing these restrictions may substantially increase the
fraction of learners able to fully engage and learn the desired
knowledge from the corresponding MOOC.

B. Demographic Characteristics

The number of unemployed people drops significantly in
the archive mode group as compared to live and late enrollers
This phenomenon might occur because this course,
Fundamentals of Nanoelectronics Part A, provides little
opportunity for social interaction in the archive mode. The
archive-mode course could still be attractive to full-time
students who have a study focus in the field of nanoelectronics
and professional employees who work in this field, who already
have adequate alternatives for socialization. It may be
appropriate to develop additional survey questions to probe this
finding and understand different types of learners concerning
their employment status.

VI. CONCLUSIONS

In this study, we found that live learners hoped to achieve a
passing grade in an advanced engineering MOOC, while late
enrollers and archive learners were less concerned about their
grade outcomes. All three groups of learners had similar
reasons for taking the course, planned time commitment, and
educational backgrounds. As for the employment status, late
enrollers were mostly full-time workers, while live and archive
learners tended to be full-time students. In terms of behavior, it

was clear that late enrollers were at a significant disadvantage
in terms of their ability to complete course content. However,
archive-mode learners were in fact significantly more likely to
complete courses than live-mode learners.

The significant gap between stated motivations and
behavior suggests that structural factors created by the platform
may play a key role in determining individual behaviors, and
that one of the key constraints affecting many learners is time.
Relaxing this constraint appears to be highly conducive to
greater engagement by individual learners in the courses.

Further study is recommended to analyze motivations and
intentions among full-time students, full-time workers, and
unemployed individuals, concerning the three groups of
learners to better understand the relationship between
employment status and learner motivation. Such information
could be used to aid MOOC developers in designing targeted
courses for learners at different levels of their career.
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