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ABSTRACT Massive open online courses (MOOCs) have attracted increasing attention. Instructors, as an
important component of MOOC online collaboration, have not received sufficient attention. Therefore, this
paper constructs a hierarchical linear model (HLM) with time variables to study how the instructor group
diversity of Coursera specialization affects group performance and how the instructor group diversity of the
specialization changes with time. This paper chooses instructor groups of all Coursera specializations from
May to October 2018 as the empirical research object, obtains 397 specialization courses, and calculates and
analyzes the research object. The results show the following. (1) The duration difference in the continuous
opening course by instructor group has a significantly negative impact on the review volume and rating of
the specialization, but the negative impact gradually decreases up to a point. Beyond that point, the review
volume and rating increase with the increase in duration difference in the continuous opening courses by
instructor group. (2) The difference in the teaching field by instructor group has a significantly positive
impact on the specialization review volume, but the positive impact gradually decreases up to a point. Beyond
that point, the specialization review volume decreases with the increase in the difference of the instructor
group teaching field. Unexpectedly, the difference in the instructor teaching field has no significant impact
on the specialization rating. (3) In a specialization, the duration difference in the continuous opening course
by instructor group decreases significantly over time, as does the difference in the teaching field. Therefore,
some suggestions are proposed for the future construction of Coursera specialization.

INDEX TERMS Educational technology, management information systems, online communities/technical
collaboration.

I. INTRODUCTION
MOOCs (Massive Open Online Courses) bring opportunities
and challenges to global higher education and will profoundly
change the competitive mode of the globalization of higher
education. They provide a strategic resource related to the
development of national education [1]. Since 2012, Coursera,
Udacity and edX have emerged as the three major MOOCs
[2], [3]. With the vigorous development of MOOCSs, many
scholars have studied MOOCs from different aspects since
2009 [2], [3].

Since March 2014, Coursera has opened more than 400
specialization courses, covering almost all subject areas,
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providing systematic knowledge services for beginners to
deeply study knowledge in a certain field. Coursera spe-
cialization courses consist of a set of related courses that
are categorized by a topic or discipline. Each specializa-
tion is provided by the instructor group from a well-known
university or research institution. And the instructor group
means a group of instructors on one course. Additionally,
the instructor group plays a key role in the teaching design,
teaching interaction and curriculum quality control of the spe-
cialization [4], [5]. However, research on MOOC instructors
is mostly from the individual aspect of instructors, ignor-
ing the collaboration, diversity and dynamics of the MOOC
instructor group.

Therefore, this paper takes the MOOCs instructor group
as the research object, constructs a hierarchical linear model
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(HLM), selects the instructor group of the specialization to
conduct empirical research, and explores the effect of instruc-
tor group diversity on the course evaluation and its trend
over time. Theoretically, this study expands the theoretical
basis of MOOC instructor group diversity research, and prac-
tically, this study provides suggestions for the construction
and development of MOOC specialization.

II. LITERATURE REVIEW

This paper will first review the research domain of MOOCs
and propose the necessity of instructor group research. It will
then review group diversity as the theoretical basis of MOOC
instructor group diversity research and finally summarize the
HLM and develop the theoretical support as the research
model of this paper.

A. MOOC RESEARCH DEVELOPMENT

According to the literature Review of research progress of
MOOCs [2], [3], the strands of MOOC research can be
divided to the first strand of MOOC research (2009-2011),
the second strand of MOOC research (2012-2013), the third
strand of MOOC research (2014-2016), and the fourth strand
of MOOC research (2017-current).

1) THE FIRST STRAND OF MOOC RESEARCH (2009-2011)
During this period, MOOCs were proposed to be divided
into two categories: cMOOCs and xMOOCs. Research on
c¢cMOOCs pays attention to the generation and transmission
of information, connect lecturers and learners worldwide
through a common topic, and allow learners to build their
own learning network and knowledge system through online
communication [4]. Research on xMOOC:S is based on behav-
ioral learning theory, which believes that knowledge is a
specific combination of responses. Most human learning is
operational learning. Therefore, learning reinforcement is an
important means of forming operational conditioning. It can
strengthen and supervise learning through teaching arrange-
ments [5].

2) THE SECOND STRAND OF MOOC RESEARCH
(2012-2013)

The study of MOOCs in this period has entered a more
detailed research strand [6]. The research includes the fol-
lowing: (1) a comparison between cMOOCs and xMOOCs
in terms of curriculum openness and teaching mode; (2) the
application of MOOCs in a specific subject, such as the
combination of MOOCs with offline computer courses and
college English courses, the application of MOOC:S in univer-
sity libraries, as well as the curriculum design and structure of
MOOC:s; (3) MOOC user portraits, such as the cities in which
most users are located and the causes of user aggregation, and
the motivation and continuance intention of MOOC use; (4)
challenges encountered by MOOCsS, such as low completion
rates, high costs of starting courses, lack of a mature business
mode, and lack of teaching methods, among others.
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3) THE THIRD STRAND OF MOOC RESEARCH (2014-2016)
During this period, research on MOOCs mainly focused on
the following three aspects. (1) Using learners as research
objects, their use behaviors, motivations, and learning pref-
erences, among others, are examined using social network
analysis to analyze the interaction behavior of learners in
the curriculum forum [7]. (2) Based on the characteristics of
MOOC:s, the research focuses, on the one hand, on the teach-
ing evaluation methods, curriculum evaluation methods and
curriculum environment of MOOCS, and on the other hand,
the evaluation methods of students’ learning level. (3) The
research studies the impact of MOOCs on educational and
economic aspects. (4) The research examines teaching inter-
actions, teaching professionalism and teaching experience
from the perspective of MOOC instructors [8] and explores
open education resource sharing models [9].

4) THE FOURTH STRAND OF MOOC RESEARCH
(2017-CURRENT)

The research focuses on (1) emphasizing the importance of
interactive behavior of curriculum forums on the construction
of learners’ knowledge, and the impact of interactive behavior
of curriculum forums on learning outcomes, combining big
data, mining potential problems in forums, and providing
timely intervention solution for instructors [10]; (2) using
professional curriculum evaluation tools to evaluate learners’
learning effects [11]; (3) using machine learning tools and
natural language processing techniques to conduct semantic
analyses of student evaluations, judging the willingness of
students to participate in continuance learning [12]; (4) the
copyright issues that restrict the development of MOOCSs with
the growing number of MOOC platforms and users, which
have also aroused researcher’s attention [13], [14].

5) SUMMARY OF MOOC RESEARCH
Through the above four strands of research [2], [3], it can be
observed the followings.

First, most research takes the student group as the main
research object and examines the learner’s behavior, motiva-
tion, satisfaction, interaction behavior, learning persistency
and learning evaluation, as well as the MOOC content and
context.

Second, in MOOC instructor research, although some stud-
ies have used MOOC instructors as research objects [15],
quantitative analyses of MOOC instructor research are lack-
ing, especially for instructor group research, an important
group component of the specialization courses of MOOCs.

Therefore, this paper takes the instructor group of the spe-
cialization as the research object and explores the influence
of instructor group diversity on the course evaluation.

B. GROUP DIVERSITY THEORY AND RESEARCH ON
INSTRUCTOR GROUP DIVERSITY

Current theories for group diversity research mainly
include the information decision theory proposed by
Williams & O’Reilly in 1998 and the socialization theory
proposed by Hogg & Terry in 2000. Information decision
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theory proposes that diverse groups have more resources,
including more comprehensive knowledge and information,
while background differences between members provide
different perspectives and views [16]. The theory of social-
ization derives from the study of social psychology. It is
believed that individuals entering social categories will be
depersonalized, seeing themselves as members of the cate-
gory and generating social identity for the groups to which
they belong [17]. At present, research on group diversity has
more comprehensively integrated two theories and conducted
in-depth analyses of the impact of group diversity [18].

Instructor group diversity research mainly focuses on the
instructor groups in traditional offline classrooms. It uses
qualitative research methods. For example, from the perspec-
tive of behavior and psychology, it discusses the roles of
instructors in different scenarios, and it locates and recon-
structs the roles of instructors. Furthermore, it makes sug-
gestions and explores how to achieve good teaching results
by changing the instructor role [19]. A small number of
studies have used quantitative research methods to explore the
impact of instructor group diversity on the performance of the
instructor group. For example, research has confirmed that
the relationship between age and performance has an inverted
U shape [20]. The differences between the individual instruc-
tors due to the knowledge background and diversity of experi-
ence are positively correlated with the performance level [21].

In the Coursera specialization, the instructor group shows
great differences with respect to age, education, teaching
experience and research fields, but little research has been
conducted to examine the diversity of the instructor group
[10]. For quantitative research on population diversity, some
scholars have used HLM to explore the impact of group
diversity on group performance [22]. HLM is also often used
to study problems in the field of education. Therefore, this
paper intends to use HLM to analyze the diversity of the
instructor group in the Coursera specialization.

C. HLM

In empirical education research, the data often exhibit a
hierarchical structure. For example, if traditional regression
analysis methods are used in research with factors that affect
student performance, it is impossible to distinguish the influ-
ence of classes on students. Additionally, if the class is ana-
lyzed, the effects of individual differences in the same class
are ignored. Because traditional regression analysis lacks the
consideration of data layering characteristics, in 1992, Pro-
fessor Stephen W. Raudenbush of the University of Michigan
proposed HLM to solve such problems [23]. HLM has been
widely used to study problems in the fields of education,
psychology and public transportation [24], but the application
of HLM to online education is less common.

IlIl. RESEARCH HYPOTHESES
A. SPECIALIATION COURSES
Coursera specialization courses of MOOCs consist of
a set of related courses that are categorized by a
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topic or discipline. Each specialization course is offered
by a group of outstanding instructors from the same
well-known university or research institution, such as Stan-
ford University, Duke University, University of Michi-
gan, Minnesota University and Google Cloud, among
others.

The order of the course design in the specialization is
generally from simple to complex in a sequential manner.
Additionally, students must complete each course in the
specialization to obtain the corresponding certification. To
allow all learners of a specialization course to complete
the internalization of learning activities in practice, most
of the specialization course will choose the case that fits
the practical situation or the project of the enterprise for
the learner to consider to complete the graduation project
design. Therefore, the specialization courses focuses on high-
quality education resources in a certain field, providing
rich and complete learning resources and project practice
experience [25].

B. CLASSIFICATION AND EFFECVIENESSS OF THE
INSTRUCTOR GROUP DIVERSITY OF THE SPECIALIZATION
In the classification study of group diversity, scholars have
proposed a variety of classification methods, among which
the method proposed by Harrison and Klein is generally
recognized and cited for the classification of group diversity
[26]. Based on the MOOC instructor group of the special-
ization course, first, “separation’ describes the differences
between the concept and attitude of the group members. It
belongs to the deep psychological characteristics and can-
not be obtained through the web mining MOOC platform.
Therefore, this article does not adopt the separation diver-
sity dimension of the MOOC instructor group. Second, ‘““not
equivalent” refers to the differences in teaching experience
and professional titles of instructor group members. In terms
of teaching experience, instructors of MOOC special courses
can accumulate online teaching experience through continu-
ous teaching MOOCs. Therefore, this study uses the dura-
tion difference of continuous teaching MOOCs to indicate
the online teaching experience difference of instructor group
members in the specialization [27]. In terms of professional
titles, although research on offline instructors has demon-
strated a greater influence of instructors with higher pro-
fessional titles [28], in the MOOC context, with subjects
having the theme of learner completion, satisfaction and con-
tinuing intention to use, the instructor title has no influence
on learners [29]-[31]. In addition, there are many kinds of
instructor titles of specialization courses in Coursera, and it
is difficult to accurately quantify them. Thus, professional
titles of instructors are not used for ‘“‘not equivalent” . Finally,
“diversity” refers to the different disciplines of the course
offered by different instructors in the Coursera specializa-
tion. The discipline categories reflect the teaching field of
instructors. Therefore, this paper uses the discipline diversity
of instructor teaching to indicate the discipline difference of
the course.
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C. CALIBRATION OF INSTRUCTOR GROUP DIVERSITY IN
THE COURSERA SPECIALIZATION

At present, there are large differences in the selection of
group diversity, but most studies use group performance as a
diversity calibration [32] to explore the effect of the diversity
of offline work groups on group performance. In recent years,
more research has explored the diversity of online community
groups and the impact of group diversity from open source
platforms on group effectiveness [22].

The course evaluation after instructor knowledge transfer,
counselling and interventions has demonstrated the learner’s
recognition of the instructor teaching [33]. The review vol-
ume and rating of the Coursera specialization reflect the
learners’ trust of group teaching; therefore, this study selected
the review volume and rating of the specialization for calibra-
tion of the instructor group diversity.

D. HYPOTHESIS OF THE INFLUENCE OF INSTRUCTOR
GROUP DIVERSITY ON THE REVIEW

VOLUME AND RATING

Based on above findings, this study divides the diversity of
the instructor group in the specialization into the diversity of
the duration of the continuously live course and the diversity
of the teaching field. The review volume and rating of the
specialization are used as the criteria for the performance
of the instructor group. Therefore, this study examines the
impact of instructor group diversity on the review volume and
rating of the specialization, as well the change in instructor
group diversity over time.

1) THE INFLUENCE HYPOTHESIS FOR THE DURATION
DIFFERENCE IN REVIEW VOLUME AND RATING
Studies have demonstrated differences in the time input of
group members, which reduce communication and integra-
tion within group members, increase contradictions within
groups, and in particular lead to some task-oriented group
conflicts [21], thus gradually become prominent in contra-
dictions. In this case, members who spent more time would
selectively ignore information and opinions from new mem-
bers, thus reducing the output of the group. For example, after
studying the impact of differences in the time input of group
members in Wikipedia, it was found that the difference in
time input would positively affect the collective output to a
point, beyond which the group output would be reduced with
an increasing time input difference. Some studies have also
shown that if both members who continue to input for a long
time and members who continue to provide input for a short
time exist, then the increase in the input time difference will
allow the group to complete the group task in a more innova-
tive way, thereby improving the group performance [22].
The instructor group of the specialization is guided by
teaching tasks and accumulates teaching experience through
continuous teaching input. Different teaching inputs for the
instructors are limited by their own vigor and capability,
which affects the learners’ evaluation and recognition of their
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teaching behavior [18]. Therefore, as the duration difference
of the continuous opening course increases, the learner’s
evaluation and recognition of the teaching group will also
decrease; however, as the difference continues to expand
beyond a certain level, the instructor group of longer contin-
uous opening courses have sufficient time and experience to
improve the quality of the specialization, which may improve
the evaluation and recognition for the instructor group. In
the specialization, the evaluation from learners is reflected
in both the overall review volume and rating. Therefore, this
paper proposes the following hypotheses.

Hypothesis 1: There is a curvilinear relationship between
the duration difference and the review volume. Increases
in duration difference lead to a decreasing review volume.
Increasing the duration difference of the continuous opening
course beyond certain levels will increase the review volume.

Hypothesis 2: There is a curvilinear relationship between
the duration difference and the rating. Increases in the dura-
tion difference lead to a decrease in the rating. Increasing the
duration difference of the continuous opening course beyond
certain levels will increase the rating.

2) THE INFLUENCE HYPOTHESIS OF THE PROFESSIONAL
DIVERSITY ON THE REVIEW VOLUME AND RATING

Different professional fields of the instructor group member
will increase the breadth and depth of group information
acquisition and improve the work efficiency of the group [34].
Therefore, the diversity of the professional or interest field
among the instructor group members has a positive impact on
instructor group performance, and the higher the diversity of
professional or interest fields, the greater is the contribution
of the instructor group member to group goals or tasks,
correspondingly improving the group performance [35]. In
some online autonomous organizations, such as Wikipedia,
the greater the interest diversity, the higher is the group
performance. However, when the interest diversity exceeds
a certain level, many different opinions may conflict with or
contradict each other. Additionally, the group member may
be overwhelmed by large amounts of information, which in
turn leads to a decline in group performance [22].

The professional fields of the instructor group differ in
the Coursera specialization. Some specializations in inter-
disciplinary fields require instructors with different profes-
sional backgrounds. As a result, there are different teaching
fields in the instructor group. The learner’s evaluation of the
specialization is an intuitive response to the teaching effect.
The difference in the instructor group due to the diversity of
the knowledge background is positively correlated with the
teaching evaluation [36]. Therefore, this paper proposes the
following hypotheses.

Hypothesis 3: There is a curvilinear relationship between
professional disparity and the review volume. Increases in
professional disparity lead to increases in the review volume.
Increasing professional disparity beyond certain levels will
decrease the review volume.
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Hypothesis 4: There is a curvilinear relationship between
the teaching field disparity and the rating. Increases in pro-
fessional disparity lead to an increasing rating. Increasing
professional disparity beyond certain levels will decrease the
rating.

E. HYPOTHESES FOR INSTRUCTOR GROUP DIVERSITY
OVER TIME

The role of group diversity may change over time, and
long-term employment may change the group diversity [37].
For example, organizational demographic statistics theory
believes that the distribution of organizational population
depends on member selection and personnel policy adjust-
ment; thus, both recruitment and dismissal will affect the
duration and resource allocation of organizational members;
moreover, the attractive-selection-conflict framework illus-
trates that members of the organization tend to be homoge-
nous over time [38], [39].

The MOOC instructor group of the specialization tends
to attract members with similar goals or interests, and after
observing group activities, potential members determine
whether there is a good fit with the group goals. After joining
the group, the group member will choose partners if they con-
tinue to collaborate. When a member believes that there is no
match with the group, the member will withdraw. Although
the member may leave the group for various reasons, studies
have shown that members with more differences are more
likely to leave [37]. Therefore, this paper proposes the fol-
lowing hypotheses:

Hypothesis 5: The duration difference of the continuous
opening course significantly declines over time.

Hypothesis 6: The professional disparity significantly
declines over time.

IV. DATA COLLECTION AND PROCESSING

A. DATA COLLECTION

As one of the three internationally recognized MOOC plat-
forms, Coursera has opened more than 400 specialization
courses since March 2014. It covers almost 11 disciplines
in Coursera. Additionally, the specialization has undergone
adjustments and updating. A specialization program usually
consists of 3-10 courses. This paper creates a longitudinal
dataset of Coursera specialization, setting 2 weeks as the
data observation period, and each observation unit represents
the relevant data of a Coursera specialization in a certain
period of time. All the Coursera specialization data has
been collected by Python from early May 2018 to the end
of October 2018. After eliminating the missing data, the
obtained longitudinal data set contains 13 time periods and
397 specializations, with the discipline classifications shown
in TABLE 1.

B. RESEARCH VARIABLE SETTING
1) DEPENDENT VARIABLE SETTING

As described in section 3, this article uses the review volume
and rating of the specialization as the calibration for group
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TABLE 1. Discipline classifications of the specialization.

Category Number Percentage
Business 134 33.69%
Computer Science 93 23.34%
Data Science 49 12.47%
Social Science 25 6.37%
Personal Development 22 5.57%
Language learning 22 5.57%
Physical Science and Engineering 16 3.98%
Information Technology 14 3.45%
Art and Humanities 11 2.65%
Biology 6 1.59%
Mathematics and logic 5 1.33%
diversity, as shown in Eq.1 and 2.
Zjvz | Raview;j;
Reviewyy = ——M—— (Eq. D
N
. Zjvz | Rating;;,
Rating;, = - N (Eq. 2)

In observation unit ¢, Eq.1 indicates that the review vol-
ume of the i specialization is calculated by the aggregate
average review volume of N courses of the specialization;
Eq.2 indicates that the rating of the i specialization is cal-
culated by the aggregate average rating of N courses of the
specialization.

2) INDEPENDENT VARIABLE SETTING
Since the coefficient of variation proposed by Allison and the
Blau index proposed by Blau are widely accepted measures of
diversity [40], this paper uses these two indicators to measure
the duration difference in the continuous opening course and
the difference in the teaching field by the instructor group.
The coefficient of variation is mostly used to calculate
the diversity of continuous variables. The calculation of the
duration difference in the continuous opening course by the
instructor group is shown in Eq.3. In observation unit 7,
Timean,: represents the mean value of the duration in the con-
tinuous opening course of N coursers in the i’ specialization,
and Tjjrepresents the duration in the continuous opening of
the jth course. Among them, the duration of the i course is
calculated by the time difference between the start time of the
course and the observation unit with units of days.

\/Zszl (Tijt - Timeun,t)2

Timetm,t

TENURE;; =

(Eq. 3)

Courses included in each Coursera specialization may
belong to different discipline categories, which reflect the
difference in the teaching field by the instructor group. In
the observation unit 7, the Blau index calculation for the
instructor group diversity in the i specialization is shown in
Eq.4, and P; indicates the proportion of the course belonging
to the S”'discipline category of the total number of courses in
the specialization. K represents the total discipline category
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of all courses.

K
Blau; =1 — Zs:l Pf

3) CONTROL VARIABLE SETTING

Further considering the adjustment effect of the curriculum
level factor on the independent and the dependent variable,
four control variables are set as follows.

(Eq. 4)

a: WEEK INDEX (WEEK ;)

According to the assumption that the diversity of the group
will change with time, time is introduced. The first week
of the specialization is set as the first time set, and up
to the last week of October 2018, each specialization is
time-stamped.

b: COURSE NUMBER (SCOPE ;)

Since each specialization contains 3-10 courses and the num-
ber of courses will change over time, the total number of
courses in each specialization is introduced as the curriculum
level control variable.

c: SPECIALIZATION CREATION WEEK (CREATION ;)
Coursera has been updated frequently since the open-
ing of the specialization in March 2014. The opening
time of each specialization is different. Therefore, with
March 1, 2014 as the starting point, the opening time of
the earliest course in the specialization is used as the cal-
culation end point, measuring the opening time of the spe-
cialization, which is set as the curriculum level control
variable.

d: INSTRUCTOR NUMBER (SIZE ;;)

Each specialization contains a different number of instruc-
tors, so the total number of instructors in each specialization
is introduced as the curriculum level control variable.

C. RESEARCH VARIABLE CALCULATION

1) DESCRIPTIVE STATISTICS

According to the data for the 397 specialization courses in
13 time periods, the corresponding research variables are
calculated. The descriptive statistics are shown in TABLE 2.

2) DATA PROCESSIONG

From TABLE 2, the review volume shows a significant pos-
itive skewness (skewness coefficient = 9.062 > 2), and
the rating presents a significant negative skewness (skewness
coefficient = —5.279 < —2). Therefore, this paper deter-
mines the base 2 logarithm of the review volume and base 2
exponentiation of the rating. Moreover, a multi-collinearity
analysis is performed for all independent and control vari-
ables. As shown in TABLE 3, the variance inflation factor
(VIF) of all variables is far less than 10, and the tolerance is
greater than 0.1, indicating that there is no multicollinearity
among the variable [41].
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TABLE 2. Discipline statistics of the research variables.

VARIABLE Mean SD Skewness
Dependent Variable
Review volume (Review) 522.96 1636.08 9.062
Rating(Rating) 4.56 0.74 -5.279
Independent Variable
Duration difference 0.23 0.27 2.929
(TENRUE)
Professional variety 0.19 0.27 1.202
(CATEGORY)
Control Variable
Week index (WEEK) 6.35 3.66 -0.159
Course number (SCPOPE) 4.81 1.14 1.472
Specialization creation 989.37 339.36 0.346
week (CREATION)
Instructor number(SIZE) 3.18 221 3.167
TABLE 3. Collinear statistics of variables.
VARIABLE Mean SD
Duration difference (TENRUE) 0.957 1.044
Professional variety (CATEGORY) 0.963 1.038
Week index (WEEK) 0.982 1.019
Course number (SCPOPE) 0.873 1.146
Specialization creation week
0860 1.163
(CREATION)
Instructor number(SIZE) 0.990 1.010

V. EMPIRICAL ANALYSIS
A. HLM FOR THE REVIEW VOLUME AND RATING OF THE
SPECIALIZATION
1) HLM CONSTRUCTION FOR THE REVIEW VOLUME AND
RATING OF THE SPECIALIZATION
Eq.5 represents an HLM with the review volume as the depen-
dent variable, and Eq.6 represents an HLM with the rating as
the dependent variable. There are two independent variables,
i.e., the duration difference in the continuous opening course
(TENRUE) and the professional disparity in the teaching field
(CATEGORY) of the instructor group, and four curriculum
control variables, i.e., the week index (WEEK), the number
of courses in the specialization(SCPOPE), the opening time
of the specialization (CREATION) and the instructor number
of the specialization (SIZE).

An HLM with the review volume as the dependent variable
Eq.5

Levell
Level2

RATEINGS; = mo; + m1; ¥ WEEK it + v
70i = Poo + Bo1 * TENRUE; + Bz
* CATEGORY j; + Bo3
* SCPOPE;; + Bos
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* CREATION ;; + Bos
x SIZE;; + Bos * (TENRUE;;)?
+ Bo7 * (CATEGORY/)* + 110
i = Bro + Kii
An HLM with the rating as the dependent variable Eq.6

Levell
Level2

SCOREj; = mo; + m1; * WEEK iy + vir
moi = Boo + Po1 * TENRUE; + Boz
* CATEGORY i + Bo3
* SCPOPE;; + Bos
* CREATION ;; + Bos * SIZE;
+ Bos * (TENRUE ;)
+ B TENRUE;;
s« CATEGORY j; + poi
w1 = Pro + K1

2) HLM ANALYSIS OF THE REVIEW VOLUME AND RATING
OF THE SPECIALIZATION

Using HLM software, according to Eq.5 and 6, respectively,
the HLM calculation results with the review volume as the
dependent variable are shown in TABLE 4, and the HLM
calculation results with the rating as the dependent variable
are shown in TABLE 5.

TABLE 4 presents the null model, linear model and full
model with the review volume as the dependent variable. We
assessed the model fit using deviation differences (ADEV)
and Bayesian information criterion (BIC) differences [42],
[43]. Smaller values and a difference of negative 10 or greater
suggested a better model fit. Therefore, the full model had
a better fit than the other two models, so results of the full
model were interpreted to test the hypotheses.

From the full model shown in TABLE 4, the intercept
(Boo = 7.134, p < 0.001) denotes the average review volume
(27135 = 140) of the specialization in the first time unit, and
the week index (810 = 0.047, p < 0.001) indicates that the
review volume of the specialization has gradually increased
from the first time unit with an average growth rate of 4.7%.

The dependent variable of the duration difference in the
continuous opening course had a negative influence on the
review volume of the specialization (8p; = —3.402,p <
0.001), and the dependent variable of the squared duration
difference in the continuous opening course had a positive
influence on the review volume of the specialization (Bps =
1.650, p < 0.001). Thus, research hypothesis 1 is supported.

The dependent variable of professional variety, i.e., the
difference in the teaching field, had a positive influence on
the review volume of the specialization (B, = 4.289,p <
0.001). The dependent variable of the squared professional
variety had a negative influence on the review volume of the
specialization (Bg7 = —5.249,p < 0.001). Thus, research
hypothesis 3 is supported.

The control variables of the course number in the special-
ization (B¢3 = 0.075,p > 0.05) and the instructor number
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TABLE 4. Results of him with the review volume as the dependent
variable.

. Linear
Variables Null Model Full Model
Model
7.134™ 7.135 7.134™
Intercept By
(0.113) (0.113) (0.085)
0.049™" 0.047""
Week
(0.004) (0.004)
-3.402"
Duration difference
(0.709)
4.289"
Professional variety
(1.034)
0.075
Course number
(0.087)
Specialization creation -0.003™
week (0.000)
-0.061
Instructor number
(0.041)
Duration difference 1.650™
squared (0431)
Professional variety -5.249™"
squared (1.277)
-2 log-likelihood 17280.86 17119.34 17961.58
Deviation (ADEV) -161.52"" -157.76™
BIC 18228.86 17680.84 17499.16
ABIC -548.02 -181.68

#5%p<0.001, **p<0.01, *p<0.05

in the specialization (Bys = —0.061, p > 0.05) also had no
significant effect on the review volume of the specialization.
The control variable of the specialization creation week
had a negative effect on the review volume of the special-
ization (Bps = —0.003, p < 0.001). As a result, the later the
specialization is created, the less will be the review volume.
From the full model shown in TABLE 5, the intercept
Boo = 23.854(p < 0.001) denotes the average rating
(log,23.854 = 4.6) of the specialization in the first time unit,
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TABLE 5. Results of HLM with the rating as the dependent variable.

) Null Linear Full
Variables
Model Model Model
Intercept By 4.55™" 23.856™" 23.854""
(0.113) (0.061) (0.173)
0.082"" 0.047""
Week
(0.061) (0.004)
-3.154™
Duration difference
(0.113)
-0.952
Professional variety
(0.637)
-0.353™
Course number
(0.137)
Specialization creation -0.000
-0.067"
Instructor number
(0.045)
Duration difference 49857
squared (2370)
Multiplication of 4,748
duration difference and
professional variety (2.396)
-2 log-likelihood 6985.426 6947.27 6733.68
Deviation (ADEV) -138.15™"  -113.59™"
BIC 7280.86 7144.95 7013.08
ABIC -135.91 -131.87

#%p<0.001, **p<0.01, *p<0.05

and the week index B1p = 0.047(p < 0.001) indicates that
the rating of the specialization has gradually increased from
the first time unit with an average growth rate of 4.7%.

The dependent variable of the duration difference in the
continuous opening course had a negative influence on
the rating of the specialization (8, = -—3.154,p <
0.001), and the dependent variable of the duration difference
squared (TENRUE it)z in the continuous opening course had
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a positive influence on the rating of the specialization (8o =
4.985, p < 0.001). Thus, research hypothesis 2 is supported.

The dependent variable of professional variety, i.e., the dif-
ference in the teaching field (CATEGORY ;;) had no influence
on the rating of the specialization (85, = —0.952, p > 0.05).
Thus, hypothesis 4 is not supported.

Multiplication of the duration difference and the profes-
sional variety had a negative influence on the rating of the
specialization (Bg7 = —4.748, p < 0.001).

Both the control variables of the course number and the
instructor number in the specialization had negative effects
on the rating of the specialization (Bpz = —0.353,p <
0.001; Bps = —0.067,p < 0.001). The control variable of
the specialization creation week had no effect on the rating of
the specialization (8¢, = —0.000, p > 0.05). Therefore, the
greater the number of courses and number of instructors in the
specialization, the lower was the rating of the specialization.

B. HLM FOR THE INSTRUCTOR DIVERSITY OF THE
SPECIALIZATION OVER TIME
1) HLM CONSTRUCTION FOR THE INSTRUCTOR OF THE
SPECIALIZATION OVER TIME
Eq.7 represents an HLM with as the dependent variable,
and Eq.8 represents an HLM with as the dependent vari-
able. There are four curriculum control variables, i.e., the
week index (WEEK), number of courses in the specialization
(SCPOPE), opening time of the specialization (CREATION)
and instructor number of the specialization (SIZE).

An HLM with the duration difference as the dependent
variable Eq.7

TENRUE; = mo; + m};WEEK s + v

o; = Poo + ,BSISCPOPEI', + ,BSZCREATION,-,
+ Bo3SIZE i + jroi

71 = Bio + K

Level
Level2

An HLM with the professional diversity as the dependent
variable Eq.8

Levell ~ CATEGORY ;; = no; + n{;WEEK s + it
Level2  mo; = Boo + Bl SCPOPE;, + B3, CREATION ;;
+ BosSIZE i + 1o
i = Bro + K1

2) HLM ANALYSIS FOR THE INSTRUCTOR OF THE
SPECIALIZATION OVER TIME
Using HLM®6.08 software, according to Eq.7 and 8, respec-
tively, the HLM calculation results with the duration differ-
ence in the continuous opening course by the instructor group
of the specialization as the dependent variable are shown in
TABLE 6, and the HLM calculation results with the profes-
sional disparity in the teaching field by the instructor group
of the specialization as the dependent variable are shown in
TABLE 7.

The full model in TABLE 6 had a better fit than the other
two models. From the full model shown in TABLE 6, the
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TABLE 6. Results of HLM with duration difference as the dependent
variable.

Null Linear Full
Variables
Model Model Model
0.309" 0.309"* 0.313™
Intercept By
(0.012) (0.012) (0.011)

Hk

-0.018™ -0.017

Week
(0.001) (0.001)
0.011
Course number

(0.010)

Specialization creation 0.002""
0.0167"

Instructor number

(0.005)

-2 log-likelihood 6386 -7370 -7497
Deviation (ADEV) -984™" -127
BIC -6191.48 -6318.53 -6508.61

ABIC -127.05 -190.08

#xkp<(0,001, **p<0.01, *p<0.05

intercept Boo = 0.313(p < 0.001) indicating the average
duration difference in the continuous opening course by the
instructor group of the specialization in the first time unit
was 0.313; the week index 819 = —0.017(p < 0.001)
indicating a negative effect of time on duration difference
in the continuous opening course by instructor group of the
specialization and gradually decreased from the first time unit
with an average growth rate of 1.7%. Thus, hypothesis 5 is
supported.

The control variable of the course number in the spe-
cialization had no effect on the duration difference in
the continuous opening course by instructor group of the
specialization(8y; = —0.011,p > 0.05). Both the control
variables of the specialization creation week and the instruc-
tor number of the specialization had a positive effect on
the duration difference (By, = 0.0002,p < 0.001; oz =
0.016, p < 0.01); thus, the later the specialization is estab-
lished, the more instructors there are and the greater is the
duration difference in the continuous opening course by
instructor group of the specialization.

From the full model shown in TABLE 7, the initial inter-
cept Boo = 0.191(p < 0.001) denoting the average
professional disparity in the teaching field by instructor group
of the specialization in the first time unit was 0.191. The slope
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TABLE 7. Results of HLM with professional disparity as the dependent
variable.

Null Linear Full
Variables

Model Model Model

0.191™ 0.191™ 0.191™

Intercept By
(0.013) (0.013) (0.013)
-0.006"" -0.017""
Week

(0.001) (0.001)

0.003""

Course number
(0.012)
Specialization creation -0.001""
week (0.017)
0.0017"
Instructor number

(0.006)

-2 log-likelihood -9386 -9603 -9873
Deviation (ADEV) 217 -270™"
BIC 8738.35 8580.83 8357.20

ABIC -157.52 -223.63

#4%0<0.001, **p<0.01, *p<0.05

B1o = —0.017(p < 0.001)indicating a negative effect of time
on professional disparity in the teaching area by instructor
group of the specialization gradually decreased from the
first time unit with an average reduce rate of 1.7%. Thus,
hypothesis 6 is supported.

The control variable of the course number in the special-
ization had no effect on the professional difference in the
teaching field by instructor group of the specialization(8,; =
0.003,p > 0.05). The control variable of the specializa-
tion creation week had a negative effect on the professional
difference in the teaching field by the instructor group of
the specialization(8y, = —0.0001, p < 0.05). The control
variable of the instructor number had positive effect on the
duration difference in the teaching field by instructor group
of the specialization (B3 = 0.017, p < 0.01). Therefore, the
earlier the specialization is established, the more instructors
there are and the greater is the professional difference in the
teaching field by instructor group of the specialization.

C. ANALYSIS OF THE RESEARCH RESULTS

Based on the above analysis, the results of the hypothesis
verification are shown in TABLE 8. Overall, 5 out of 6
hypotheses are supported by the data.
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TABLE 8. Research hypothesis verification results.

Hypothesis Supported

H1 There is a curvilinear relationship between the Yes
duration difference in the continuous opening course and

the review volume. Increases in duration difference lead

to a decreasing review volume. Increasing the duration

difference beyond certain levels will increase the review

volume.

H2 There is a curvilinear relationship between the Yes

duration difference of the continuous opening course and

the rating. Increases in duration difference lead to a
decreasing rating. Increasing the duration difference

beyond certain levels will increase the rating.

H3 There is a curvilinear relationship between Yes
professional disparity and the review volume. Increases

in professional disparity lead to an increasing review

volume. Increasing professional disparity beyond certain

levels will decrease the review volume

H4 There is a curvilinear relationship between No
professional disparity and the rating. Increases in the

teaching field will lead to an increasing rating. Increasing
professional disparity beyond certain levels will decrease

the rating

H5 The difference duration of the continuous opening Yes
course significantly declines over time

H6 The professional disparity significantly declines over Yes
time

1) THE INFLUENCE OF INSTRUCTOR GROUP DIVERSITY ON
THE REVIEW VOLUME AND RATING
Both H1 and H2 are supported. The duration difference of
the continuous opening course by instructor group in the
specialization indicates the degree of time dispersion in the
courses offered by instructors. When the duration difference
is small, it indicates that the duration of the course in the
specialization is less heterogeneous and has a resource aggre-
gation effect. Therefore, the learner is more sensitive to the
duration difference. Additionally, the increase in duration
difference has a negative impact on the review volume and
rating. When the duration difference exceeds a certain level,
the instructor group can continuously improve and update
the structure of the specialization with sufficient experience,
reflecting the resource innovation effect. Accordingly, the
learning experience of participating learners can be improved,
and thus, the increase in the duration of the course has a
positive impact on the review volume and rating. In general,
the duration difference of the continuous opening course
by instructor group in the specialization is in line with the
review volume and rating of the course. Thus, the duration
difference of the continuous opening course has a curvilinear
relationship with the review volume and rating, respectively.
H3 addresses the curvilinear relationship between profes-
sional disparity and the review volume is supported. The
professional disparity of the teaching field by instructor
group in the specialization indicates the degree of discipline
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dispersion offered by instructors. With the popularization and
improvement of interdisciplinary knowledge, there are often
professional differences in the teaching field by instructors in
each specialization. For example, the specialization ‘“Music
Business” combines music and art in interdisciplinary art
and humanities, resulting in the data analysis of data science
and business. This combination forms a multidisciplinary
learning chain to attract more learners and thus has a positive
impact on the review volume. However, when the profes-
sional disparity of the teaching field exceeds a certain level,
the subject is too scattered in the specialization, so although
the learner is satisfied by pursuing the disciplinary diversity,
the difficulty of the course in different disciplines is not the
same, which may lead learners to abandon their continuous
learning. As a result, the increase in professional disparity of
teaching field has a negative impact on the review volume. In
general, the professional disparity has a curvilinear relation-
ship with the review volume.

In contrast to our predictions, H4, regarding the curvilinear
relationship between professional disparity and the rating is
not supported by the data. Although unexpected, one expla-
nation for this unexpected finding is that although learners
expand their knowledge stock as a result of the professional
disparity of the teaching field by the instructor group in the
specialization, the professional disparity has no significant
effect on the rating because learners can jump out of a single
field of study by choosing the professional disparity. Thus,
the rating ultimately depends on the course quality.

Moreover, the interaction between the duration difference
of the continuous opening course and the professional dis-
parity of the teaching field by instructor group in the special-
ization has a significant negative impact on the rating. This
phenomenon derives from the professional disparity of the
teaching field by the instructor group, which does not directly
affect the rating of the specialization, but multiplication of the
professional disparity and duration difference has a signifi-
cant negative impact on the rating.

2) THE TREND OF INSTRUCTOR GROUP DIVERSITY OVER
TIME

Both H4 and HS5 are supported. In the specialization, both the
duration difference of the continuous opening course and the
professional disparity in the teaching field by instructor group
in the specialization gradually decrease with time because
the control variable of the specialization creation week and
the instructor number of the specialization have a significant
positive impact on the duration difference of the continuous
opening course and the professional disparity in the teaching
field by instructor group in the specialization. The later the
specialization course is opened, the more instructors there are
the greater is the duration difference of continuous opening
course by instructor group in the specialization.

The control variable of the specialization creation week
and the control variable of the instructor number of the spe-
cialization have a significant negative impact and positive
impact on the professional disparity of the teaching field,
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respectively. The earlier the specialization is opened, the
more instructors there are and the greater is the diversity
of the instructor group. Therefore, with the improvement
and number of the specialization, the instructor group mem-
bers tend to be homogenous, and the duration difference in
the continuous opening course gradually declines. Thus, the
aggregation effect of the instructor group in the specialization
becomes more obvious over time.

VI. RESEARCH CONTRIBUTIONS AND PRACTICAL ADVICE
A. RESEARCH CONTRIBUTIONS

Previous research on MOOC instructors have mostly been
conducted from the perspective of individual instructors and
explored the influence of the instructor behavior on learn-
ers’ learning results and curriculum evaluation. This paper
proposes the research hypothesis from the perspective of the
instructor group and takes the Coursera specialization as the
empirical object. The review volume and rating of the spe-
cialization are used as dependent variables. Two independent
variables, i.e., the duration difference of the continuous open-
ing course and the professional disparity of the teaching field
by instructor group in the specialization, are set to describe
diversity characteristics of instructors, and four control vari-
ables, i.e., week index, course number in the specialization,
specialization creation week, and instructor number, are con-
sidered as the curriculum level control variables. The HLM
is established to empirically verify the hypotheses, aiming
to explore the influence of the instructor group diversity of
MOOC specialization on the review volume and rating, as
well as the trend of instructor group diversity over time.

This research supplements the research on MOOCs and
emphasizes the important role of research on instructor
group diversity in the specialization. Currently, most MOOC
research focuses on learners, courses, and individual instruc-
tors. This paper focuses on the impact of the instructor group
diversity in the curriculum evaluation specialization. On the
one hand, it is confirmed that the instructor group diversity in
MOOC specialization can affect the review volume and rating
by learners; on the other hand, it explores the instructor group
diversity in MOOC:s and its trend over time.

In this paper, the theory of group diversity is applied to
the study of the instructor group diversity in MOOC special-
ization to expand the theoretical basis of MOOC research. At
present, research on instructor group diversity mostly focuses
on the traditional offline instructor. With the development
of information technology, online courses are rising rapidly.
Therefore, it is more important to study the diversity of online
instructors. In this paper, according to characteristics of the
instructor group in the MOOC specialization, indicators are
proposed for measuring instructor group diversity, and a
quantitative analysis is conducted to demonstrate the influ-
ence of the instructor group diversity on the review volume
and rating, enriching online group diversity theory research.

Considering that data are both hierarchical and dynamic,
this paper uses the HLM for longitudinal research, and
hierarchically processes the dataset with the timeline. By

111984

capturing the Coursera specialization data for half a year, the
empirical data set is formed to construct the HLM, describ-
ing the continuous change in the instructor group diversity,
thereby making more reasonable the independent variable
representing the instructor group diversity and the control
variables at the curriculum level, and the causal relationship
with the dependent variable of course evaluation.

B. PRACTICAL ADVICE
Previous The practical advice for MOOC providers and
instructors is provided as followings.

This study finds that the greater the duration difference of
the continuous opening by instructor group in the specializa-
tion, the less will be the overall review volume and rating
for the specialization; however, once the duration difference
increases to a certain level, it will improve the evaluation of
the specialization because of the refreshment of the special-
ization. Therefore, it is recommended that when setting up
the specialization for MOOC:s, synchronization of the course
in terms of opening and duration time should receive more
attention to avoid halting the updates to the course content
after opening, resulting in inconsistent durations of different
courses and, thus a loss of learners due to learning experience
decline.

This study finds that the greater the disparity in the teach-
ing area by instructor group in the specialization, the more
review volume is available for the specialization. Addition-
ally, if the duration difference of the continuous opening
course is small, then the rating is higher. However, once
the professional disparity of the teaching field has increased
to a certain extent, it will have a negative impact on the
review volume for the specialization. Therefore, it is recom-
mended that when setting up the specialization for MOOCs,
the development trend of interdisciplinary subjects should be
combined to appropriately increase the diversity of subjects
within the specialization so that learners can learn from differ-
ent professional fields. Concurrently, if the curriculum fields
in the specialization are quite different, the course should
have a centralized arrangement to satisfy different learners;
if the difference in curriculum fields in the specialization is
small, the course should have a dispersed arrangement for
learners to learn in a step-by-step manner, to effectively avoid
wasting resources and improve the overall evaluation of the
specialization.

This study finds that the duration difference of continuous
teaching by instructor group in the specialization gradually
decreases with time, as does the professional disparity of
the teaching field. Therefore, it is recommended that the
richness of teaching field in the specialization increased as
much as possible to attract more learner participation, for
example, through the MOOCs ‘““micro-professional” training
model, effectively use the diversity value of the instructor
group, quickly enable learners to acquire knowledge, and
meet the human capital requirement of enterprise, so that
the specialization can be developed in a more scientific and
rational direction.
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VIL. LIMITATIONS AND FUTURE RESEARCH
First, the data used in this study are from the Cours-

era,

and more MOOC platforms should be evaluated

in the future to further promote the research land-
scape of the instructor diversity in the specialization
course.

Second, the time period for collecting the data in this
paper is mainly concentrated in the second half of 2018,
so the length of time selection is limited. Therefore,
data should be further collected for future longitudinal
research.

Finally, the independent variables, dependent variables and
control variables in this paper have not yet been involved in
text mining and content analysis of MOOC platform data.
Therefore, the model analysis variables need to be further
expanded. Moreover, the effect of the world-wide lockdown
of 2020 on MOOC platforms should be a future research
considering.
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