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Abstract—The effectiveness of remedial mathematics courses in
post-secondary education has been a controversial topic for years.
Higher Education institutions need their students to have basic
understandings of the subjects to be imparted in the first
semesters, but since they come with different backgrounds and
prior knowledge, this is not always possible and many students
struggle in their first courses. This paper presents the results of
students’ adoption and learning outcomes of using four MOOCs as
a complementary study resource for an on-campus calculus
diagnostic exam. Over 700 newly admitted university students had
to take a mandatory diagnostic exam on four calculus topics before
classes started. MOQOCs were proposed as a voluntary support for
studying these subjects. Following a mixed method analysis, we
studied why and when the students used the online courses and we
also measured the effects of its use in terms of the students’
diagnostic exam grades and learning outcomes. The results show
that students mostly used the MOOC:s to study the subjects that
were not covered in their secondary studies. Students who were
active in these course topics obtained better scores, having more
chances of passing the diagnostic exam than students who did not
study with the MOOCs. Furthermore, students not only used the
MOOC:s for studying for the exam, but also for refreshing concepts
for future courses.

Index Terms—MOQOC:s, post-secondary education, higher edu-
cation, remedial courses, adoption, learning outcomes, mathe-
matics, calculus.

I. INTRODUCTION

ASSIVE Open Online Courses (MOOCs) present new
opportunities for teaching and learning [16]. To make
the most of them, Higher Education (HE) institutions are
exploring and experimenting with blended teaching methodol-
ogies that aim at integrating MOOCs as a complement in the
formal curriculum [20], [21]. Although one of the most
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common strategies of this complementary use of MOOCs is
the “flipped classroom”, the literature also reports other ways
of reusing and integrating MOOC:s into formal education [20],
[21]. One of these MOOC-based models is to use MOOCs as
a complementary resource for remedial courses. Therefore,
this model suggests using MOOC:s to help post-secondary stu-
dents acquire and review the knowledge needed for getting
into the university, or to continue their HE studies [15], [19].
Even though this latter model of MOOC reutilization is
becoming more popular among HE institutions, most results
in the literature focus on students’ changes in motivation or
satisfaction; only a few studies measure the effects of these
models on students’ learning outcomes [3], [25] and their
adoption of the teaching methodology.

To provide more evidence on the efficacy of these MOOC-
based models, this work presents an innovative use of MOOCs
as a complementary resource for a remedial course in calculus,
and analyses the effects of this innovation in terms of students’
adoption and learning outcomes. Specifically, this paper
extends a previous work published in a conference paper in
which we presented the case of the School of Engineering of
Pontificia Universidad Catdlica de Chile (UC-Engineering)
where 4 MOOCs were used by over 700 freshmen students as
complementary remedial resources for the study of a calculus
diagnostic exam (DE) [20]. On this opportunity, we comple-
ment the previous study by presenting more details of the
innovation, with a deeper understanding of the students’ adop-
tion and learning outcomes by analyzing the data with the
mixed method approach. First, we analyzed the reasons why
students adopted the MOOCs through focus groups and semi-
structured interviews. Second, we analyzed the differences in
students’ learning outcomes of comparable groups of students
when participating in different diagnostic exam opportunities.

The article is structured as follows. First, we present related
work in the field, followed by a description of the MOOC:s: the
context and the MOOCSs’ structure and components. Second,
we explain how the assessment of this innovation was
approached, with a description of the pilot study, the MOOC
integration proposal, the curricular alignment, the data gather-
ing techniques, participants and samples, and the data analysis.
Finally, we present the results, a discussion and conclusions.

II. RELATED WORK

Post-secondary remediation and reusing MOOCs for on-
campus education are some of the main trends in HE institu-
tions. In this section, we revise some of these initiatives.



A. Remediation in Post-Secondary Education

Post-secondary education students who have been accepted
in the same college or university degree come with differences
in their previous knowledge on the subjects they will study in
the university [9]. To deal with these differences, one of the
solutions proposed by HE institutions is remedial education.
Remedial education is defined as coursework below college-
level offered at a post-secondary institution, and it has become
a topic of considerable debate in HE [4]. For example,
Calcagno [4] suggests that math and reading remedial courses
have mixed benefits: remediation might promote early persis-
tence in college, but it does not necessarily help students in
the completion of college-level credits or eventual degree
completion. Also, [23] compares the long-term academic out-
comes of students who remediate successfully (achieve col-
lege-level math skills) with those of students who achieve
college-level math skills without remedial assistance, finding
that remedial math programs are highly effective at resolving
skill deficiencies.

Despite its significant role in higher education, evaluations
of the effectiveness of remedial programs is still scarce in the
recent literature, and even more so regarding the efficacy of
remedial math programs [4], [23].

B. MOOCs As a Complement in On-Campus Courses

There is consensus in the literature that technologies can
enhance the learning and teaching of mathematics, opening
windows on learners’ knowledge development by means of
interactions with digital tools that mediate learning trajecto-
ries. However, there are challenges involved in balancing the
use of mental, paper-and-pencil and digital tools in both
assessment and teaching activities [13], and MOOCs could be
a powerful resource for this purpose [11].

From the cMOOC:s to the xMOOC:s, including the hMOOCs
[11], the flipped classroom pedagogy model that uses MOOC:s,
and the remedial pedagogy with MOOCS, higher education
institutions are working and studying different models to
extend their curriculum and offer new opportunities for stu-
dents [17], [22], [28].

Most prior studies have analyzed the use of MOOC:s to sup-
port the flipped classroom strategy, where the MOOC is used
as a driver in the classroom experience. For example, some
publications by Eric Mazur, one of the main references in this
strategy worldwide, suggest that the flipped class results in sig-
nificant learning gains when compared to traditional instruction
[8], [10]. Another example in this line is the case study of an
engineering course imparted by the School of Engineering at
Pontificia Universidad Catdlica de Chile (UC-Engineering).
The results of this study show that up to 96 percent of the stu-
dents were active in the MOOC before class, and students who
were more active showed better scores on the course exams
than those less active [24].

There are also some studies that analyze MOOCs as a
replacement or MOOCs as an added value. That is, using
MOOOC:s for replacing a traditional course, or using it for com-
plementing a traditional course. For example, one study shows

that Stanford University integrated MOOCs in a traditional
course [14]. The results show that students’ attendance
increased by 20 percent and their engagement with the course
content increased by 40 percent [6]. Another example was
proposed by the University of Washington, which introduced
MOOC:s for supporting a blended learning methodology in a
traditional biology class. They were able to reduce its fail rate
from 17 percent to 4 percent. Furthermore, the approval rates
of the course increased from 14 percent to 24 percent since the
initiative [2].

Other researchers have investigated the use of MOOCs as a
remedial course or “zero course”. Universidad Carlos III de
Madrid, for example, analyzed the effect of a zero-level
course where students took a diagnostic and a final exam. The
results indicated that students increased by 21 percent the
score in the final exam after the course [19]. Also, the Univer-
sity of California at Irvine (UCI) developed a course to help
under-prepared students who had been accepted to the UCI
gain skills and knowledge that would increase their probability
of success in a large freshmen STEM course. Results showed
that university students entering with low preparation outper-
formed students who had the credentials to become biology
majors [15].

All these cases offer some understanding on how MOOCs
can be reused in different scenarios. However, there is not
enough empirical evidence that fully analyzes and reports on
the effects of students’ adoption and student’s learning out-
comes of these types of initiatives.

III. INNOVATING WITH MOOCS AS A COMPLEMENT
A. Context

UC-Engineering accepts over 700 freshmen students every
year by conducting a rigorous selection process. To get
accepted in this program, students have to achieve outstanding
results in a national admission. This exam evaluates their
knowledge in math, science, and language (Spanish). Addi-
tionally, they have to be in the top positions of their high
school rankings and have obtained excellent high school
grades. Even so, the new students have very different back-
grounds on basic calculus concepts to successfully address
the calculus courses that are imparted in the first year.
Consequently, most of the students struggle during their first
semester to pass their courses. The average fail rate of the
first semester math courses (Calculus I and Algebra) is over
30 percent in each.

To address this problem, UC-Engineering freshmen have
been required to take a calculus diagnostic exam since 2014.
The DE is divided into 4 modules: Functions and Modelling
(M1), Trigonometry (M2), Polynomials and Complex Numbers
(M3), and Progressions and Summations (M4). Students must
pass each module separately. There are three different instances
of this exam. The first instance (DE-Instance 1) is right after
they are informed that they have been admitted in engineering
(about two months before classes start). After DE-Instance 1,
students who fail in a specific content may take a 2-day inten-
sive traditional course on each of the failed modules where



TABLE I
MOOCS’ STRUCTURES

Functions and Modelling (M1)

Chapters

Sub-Chapters

Chapter 1: Foun-
dations

1.1. Introduction

1.2. Mathematical Vocabulary

1.3. Applications

1.4. Sequence of real numbers

1.5. Real numbers

1.6. Equations

1.7. Inequalities

Chapter 2: Fun-
ctions

2.1. What is a function?

2.2. Function charts

2.3. Obtain information from the function charts

2.4. Function transformation

2.5. Function combination

2.6. Inverse functions

Trigonometry (M2)

Chapters

Sub-Chapters

Chapter 1: Rec-
tangular triangles

1.1. Introduction and angles

1.2. Trigonometric proportions

1.3. Trigonometric proportions and notable an-
gles

Chapter 2: Trigo-
nometric func-
tions of real
numbers

2.1. The unitary circunference

2.2. Trigonometric functions in the unitary circun-
ference

2.3. Reduction of trigonometric functions

2.4. Arbitrary triangle areas

Chapter 3: Trigo-
nometric fun-
ctions' charts

3.1. Basic trigonometric functions' charts

3.2. Transforming trigonometric functions' charts

Chapter 4: Fun-
ciones trigono-
métricas inversas

4.1. Inverse trigonometric functions

4.2. Trigonometric equations

4.3. Compound trigonometric functions

Chapter 5: Trigo-
nometric identi-
ties

5.1. Simplification of trigonometric expressions

5.2. Demonstration of trigonometric identities

5.3. Addition and Substraction formulas

5.4. Addition and Substraction formulas' applica-
tions

5.5. Applications to complex numbers

Polinomyals and Complex Numbers (M3)

Chapters Sub-Chapters

1.1 Quadratic functions and models
Chapter 1: 1.2 Polynomial functions and their charts
Polynomials 1.3. Polynomial division

1.4. Polynomial real zeros

Chapter 2: Nu-
meros complejos

2.1. Complex numbers

2.2. Complex zeros and fundamental algebra the-
ory

Progressions and Summations (M4)

Chapters

Sub-Chapters

Chapter 1: Suc-
cessions and
summation nota-
tions

1.1. Succession concept

1.2. Summation concept

1.3. Telescopic property

1.4. Review activities

Chapter 2: Arith-
metic Succes-
sions

2.1. Definition and characteristics

2.2. Partial sums of arithmetic successions

2.3. Review activities

Chapter 3: Geo-
metric succes-
sions

3.1. Definition and characteristics

3.2. Partial sums of geometric successions

3.3. Review activities

Chapter 4: Mat-
hematical induc-
tions

4.1. Understanding induction

4.2. Applicating in demonstrations

4.3. Review activities

Chapter 5: Bino-
mial theorem

5.1. Binomial theorem

5.2. Binomial coefficients

5.3. Review activities

professors reinforce main theoretical topics and facilitate
students’ learning with guided exercises. This course is volun-
tary. After undertaking traditional courses, students have a sec-
ond opportunity to take the diagnostic exam (DE-Instance 2).
Either if they choose not to take the remedial courses or if they
fail one or more modules, students are given a third opportunity
to take the diagnostic exam in the modules they have not
passed, right before classes begin (DE-Instance 3).

B. MOOCs’ Structure and Components

To help students study for the diagnostic exams, the school
decided to produce 4 MOOCs. There is one course for each
module as a complementary support, but they do not follow
the same structure than the remedial courses offered in
January. The MOOCs were produced by 3 teaching assistants
and were deployed in the Open EdX platform as part of the
UC-Engineering online initiative (“Ingenieria UC Online”:
http://online.ing.uc.cl/). These courses were produced as
MOOCs and not SPOCs in order to make them available to
everyone. Nonetheless, all the contents of the MOOC were
designed to align with the learning objectives and topics
addressed in the diagnostic exam. All the MOOCs are self-
paced, so no restrictions or deadlines were proposed.

The four MOOC:s are Functions and Modelling (M1), Trigo-
nometry (M2), Polynomials and Complex Numbers (M3), and
Progressions and Summations (M4). The different resources
available in the MOOCs are videos, readings, example exer-
cises, exercises and GeoGebra Interactive Modules. The videos
are recordings of teachers explaining different concepts, as if
they were teaching a class. The readings are lectures or texts
that explain a concept, like a chapter in a book. The example
exercises are problems with their resolutions step by step. The
exercises consist in problems that the students must solve and
respond in the platform. Once they submit their answers, they
get immediate feedback as if to whether they got it right or
wrong. All the assessments are multiple choice (quizzes and
exams). Finally, the course includes exercises designed with
GeoGebra, a software for studying algebra and geometry capa-
ble of representing geometric figures, functions and charts. It
also allows the user to create geometric constructions and insert
equations and algebraic formulas to show on a graph. These
graphs can be embedded in MOOC:s in the Open EdX platform
as an exercise, so students can interact with the figures and
functions in real time. Each MOOC has different assessments
depending on their structure.

Tables I through III show in detail how each MOOC is
structured, their chapters and sub-chapters, how many videos
(V), readings (R), example exercises (EE), exercises (E) and
GeoGebra Interactive Modules (GG) they have, and finally,
each MOOCs’ assessments.

IV. ASSESSMENTS OF THE INNOVATION

Since participating in the MOOCsSs was voluntary, this study
analyzes the impact of this initiative both in terms of students’
adoption and learning outcomes. Specifically, two research
questions were addressed:



TABLE II
MOOCs’ CONTENTS

MOOCs \ R EE E GG
Functions and Model-

20 20 28 26 6
ling (M1)
Trigonometry (M2) 17 11 13 51 5
Polinomyals and Com-

3 9 18 15 0
plex Numbers (M3)
Progressions and Sum-

8 9 23 16 0
mations (M4)

TABLE III

MOOCS’ ASSESSMENTS

% of course

MOOC Assessments Questions
grade
Functions Chapter 1 Quiz 9 50%
ﬁ?:;f&??' Chapter 2 Quiz 15 50%
Chapter 1 Quiz 6 10%
Chapter 2 Quiz 5 15%
Trigonome- _ Chapter 3 Quiz 5 15%
try (M2) Chapter 4 Quiz 6 15%
Chapter 5 Quiz 8 20%
Exam 18 25%
Polinomyals
i?jni(::splex Exam 11 100%
(M3)
Chapter 1 Quiz 6 15%
) Chapter 2 Quiz 5 15%
Progressions “cy - ter 3 Quiz 5 20%
and Summa- = Quiz 3 10%
tions (M4)
Chapter 5 Quiz 6 15%
Exam 12 25%

o RQI. What is the students’ adoption of this MOOC

initiative? This question aims at studying who uses
the MOOCs, and how and when these are used.
Adoption can be measured by the levels of use of an
innovation [5], for example, collecting quantitative
data from their actual use [1]. Consequently, we ana-
lyzed the students’ movements in the MOOCs from
the beginning to the end of the study to understand
the activity patterns in the different periods. We
also analyzed the students’ interactions with the vid-
eos, readings and the exercises (quizzes and other
activities).

RQ2. What are the effects of participating in the
MOOCs in terms of students’ learning outcomes? This
question aims at understanding whether using the online
platform gives the students a better chance of passing
the diagnostic exam. For this, we will analyze whether
the average scores of active students were higher than
the ones of non-active students in the different DE
instances, and determine whether there’s an association
between students’ adoption and students’ approval
rates.

TABLE IV
PILOT STUDY TIMELINE
Dates Activity/Milestones
2DoelcS. %?:;1 Dissen.’linatioTl eff?rt via e-mail, web-page and flyers to
1012016 potential engineering students
Jan. 11 Publication of the Admission Results (00:00 hours)
Presentation session of the accepted students and regis-
tration to the platform.
Jan. 13 DE-Instance 1: diagnostic exam instance 1
Jan. 14% Publication of exam results
Jan. 18" — M1 F2F course (2 days); M2 F2F course (3 days); M3 F2F
Jan. 29% course (2 days); M4 F2F course (2 days)
Jan. 20;25;  DE-Instance 2: diagnostic exam instance 2. The exam was
27;29 distributed in 4 different days depending on the module,
starting from M1 to M4.
Feb. 29t DE-Instance 3: diagnostic exam instance 3
March 1+ Classes begin

A. Description of the Pilot Study

The case study took place at UC-Engineering between
December 27th, 2015 and March 1st, 2016.

Students were required to take a diagnostic exam to assess
their prior knowledge and skills in calculus, and they were
given 3 instances to pass it or they would fail a first semester
calculus course (Calculus I). Table IV shows a time line of the
different milestones in this case study.

B. MOOC Integration Proposal

The MOOCs were available before the students knew that
they had been admitted in UC-Engineering. MOOCs were
announced by e-mail and flyers a week before releasing the
admission results to all those that had manifested their interest
in studying at UC-Engineering. Additional outreach to students
involved posting in the official Engineers’ web page, so all pro-
spective students were informed that they could register on the
platform and take the MOOCs. Once accepted, all freshmen
were registered in the MOOC provider platform during the
admission day, so all of them could access the 4 MOOC:s.

Students had 2 days to study for DE1 since they were noti-
fied that they had been accepted, and all the dissemination
activities suggested to study from the MOOCs as much as
possible.

For DE2, UC-Engineering offered the students remedial
face-to-face (F2F) courses from 9 am to 5 pm. During this
period, the MOOCs were promoted through flyers and emails.
Additionally, two teacher assistants were available from 5 pm
to 8 pm every day on campus in a classroom, hoping the stu-
dents would go study there after the remedial course. In aver-
age, they received around 10 students each day.

Finally, students had one month to study for DE3. During
this time, we did not provide any extra support other than the
online MOOC:s.

C. Curricular Alignment

The MOOCs were created to help students study for the
diagnostic exam. Therefore, everything that is taught in the
MOOC:s is asked in the DE.



TABLE V
NUMBER AND PERCENTAGE OF STUDENTS THAT PASSED (SP) AND FAILED
(SF) THE DIFFERENT MODULES IN EACH DIAGNOSTIC EXAM INSTANCE

TABLE VI
NUMBER AND PERCENTAGE OF STUDENTS THAT WERE ACTIVE (A)
AND NON-ACTIVE (NA) IN THE MOOCS DURING DIFFERENT PERIODS

Course Course
M1 M2 M3 M4 M1 M2 M3 M4
DE SP 547 (82%) 185 (28%) 275 (41%) 323 (52%) BDE-I1 A 96 (13%) 135 (18%) 57 (8%) 104 (14%)
Instance 1 SF 121 (18%) 483 (72%) 393 (59%) 345 (48%) NA 656 (87%) 617 (82%) 695 (92%) 648 (86%)
Total 668 668 668 668 BDE-I2 A 47 (6%) 65 (9%) 31 (4%) 42 (6%)
DE SP 78 (75%) 247 (72%) 260 (92%) 128 (44%) NA 705 (94%) 687 (91%) 721 (96%) 710 (94%)
SF 26 (25%) 94 (28%) 23 (8%) 101 (56%) A 37 (5%) 83 (11%) 39 (5%) 51 (7%)
Instance 2 BDE-I3
Total 104 341 283 329 NA 715 (95%) 669 (89%) 713 (85%) 701 (93%)
DE SP 66 (72%) 86 (33%) 101 (61%) 128 (58%)
Instance 3 SF 26 (28%) 177 (67%) 64 (39%) 94 (42%)
Total 92 263 165 222

D. Methodology and Data Gathering Techniques

To address the two research questions, we used a mixed
method approach [7]. Quantitative and qualitative data was
collected and analyzed in parallel to better understand
students’ adoption and learning outcomes.

Concerning quantitative data, we worked with the students’
scores in the 3 instances of diagnostic exams (ScoresDEX-MY;
where X goes from 1 to 3 and corresponds to the diagnostic
exam instance, and Y goes from 1 to 4 and corresponds to the
module). All diagnostic exams contemplate a 0-100 percent
scale, where a 100 percent score would mean that they got
every question right; students pass the exams if they get a score
of 60 percent or higher.

The students’ prior knowledge was determined by analyzing
the students’ scores in the Chilean university admission system
composed by: Math (MAT), Science (CIE), and Language
(LEN) scores in the national university admission exams, along
with a score associated to their high school grades (NEM)
and class ranking (RKG). All these individual scores have a
scale from O to 850. Finally, the admission score (PING) is
computed as: 20 percent NEM, 20 percent RKG, 10 percent
LEN, 35 percent MAT and 15 percent CIE. This datum was
taken as a reference for students’ prior knowledge and skills.

To classify the students into “active” and “non-active”
depending on their interaction with the MOOC courses, we
worked with Open EdX MOOC Platform Movement Logs in
each MOOC for each month that the experiment took place.
We analyzed the students’ movements in the MOOC:S in three
separate periods: before DE-Instance 1 (BDE-I1); after DE-
Instance 1 and before DE-Instance 2 (BDE-I12); and after DE-
Instance 2 and before DE-Instance 3 (BDE-I3). Active stu-
dents (A) are the ones who have registered any movement in a
module of the MOOC. Non-active students (NA) are the ones
who either did not register in a module or registered without
conducting any interaction or movement.

To collect qualitative data, we conducted telephonic semi-
structured interviews, a strategy used to go into de-tail about
certain topics the researchers wish to analyze [18]. In this case,
the main objective was to gain more information about the
actual usage students were giving the MOOCs, beyond passing
the DE. The semi-structured interviews included questions
about two main topics: Adoption and Learning. The interviews
were carried out because in our prior work we identified that

students had a positive adoption of the initiative, but we did not
understand the reasons. Concerning adoption, the goal was to
get to know the students that used the platform; the time they
spent on the courses; and why they used the MOOC:s (for exam-
ple before a diagnostic exam, before a class, for homework,
etc.). Regarding learning, we included questions to find out if
the courses helped students remember or formalize some con-
cepts; if the courses contributed to their academic performance;
and if students perceived that their performance improved after
interacting with the course.

E. Participants and Samples

The total population of this study were 771 students, the
total amount of new freshmen UC-Engineer students in 2016.
Of these students, 98 percent (N = 752) took the diagnostic
exams on Instances 1, 2 and/or 3, representing the sample for
the quantitative data analysis of this study. Table V describes
the number and percentage of students who passed (Students
Passing, SP) and failed (Students Failing, SF) in each diagnos-
tic exam instance.

We classified the students into “active” and “non-active”
depending on their interaction with the MOOC courses.
Table VI shows the percentage of active and non-active stu-
dents per module in each of the three periods explained in Sec-
tion 3.3. [20] reports a different number of active and non-
active students for BDE-I1 and BDE-I2 than the current
Table VI, because in this extension we are working with a big-
ger database which includes students that took the DE on
Instance 3 and could not have taken the DE in the previous
instances, in which case they were not considered in the data-
base of the first article.

164 students were invited via e-mail to participate in the
interviews. From this population, 34 students had used at least
one of the MOOCs during the first year of study; 11 students
attended the F2F remedial courses; and 119 students registered
at least one entry in one of the MOOCs. From these 164, 8 stu-
dents agreed to participate in the semi-structured interviews: 1
from the group that had used at least one of the MOOCs dur-
ing the first year of study; and 7 students that had registered at
least one entry in one of the MOOC:s.

F. Data Analysis

Both quantitative and qualitative data was used to answer
the two research questions. Quantitative data was analyzed



TABLE VII
RESULTS ON STUDENTS” ADOPTION OF THE MOOC INITIATIVE

Finding Data Sources
AR-1. M2 has the most activity in the MOOC,

mostly before each diagnostic exam.

Interview 4; Inter-
view 5; Interview §;
MOOCs” Movement
Logs

Interview 7; MOOCs’

Movement Logs

AR-2. Students use the MOOCs mostly for exer-
cising, but they value the videos and readings
positively because they allow them to go over

the subjects on their own pace.

AR-3. Other non-freshmen students from Engi- Interview 3;

neer-UC use the calculus MOOCs as a remedial Interview 8

study source for more advanced courses.

AR-4. Students recommend adding more con- Interview 3; Inter-

tents and create more online resources that com- view 4
plement the more advances courses in UC-Engi-

neering

through statistical methods: #-Student tests, Welch #-tests and
Chi-square (x2) tests. Qualitative data extracted from the
semi-structured interviews was transcribed and analyzed using
an open coding technique supported by NVivo 11 software.
The predefined nodes for the analysis were Adoption and
Learning. Also, an emerging category about students’ adop-
tion was identified: Opinion about Resources. We cross-ana-
lyzed this both types of data using triangulation methods to
answer the research questions [26]. All data gathered from the
study, as well as the analyzed data is available online (https://
gitlab.com/T4DLerning/
TransactionsOnLearningTechnologiesPaper1).

To address RQ1 about the students’ adoption of the MOOC
initiative, we plotted the number of movements in the MOOCs
in a bar graph from the beginning to the end of the study to
understand the activity patterns in the different periods. Addi-
tionally, we analyzed the students’ interactions with the videos,
readings and the exercises (quizzes and other activities). We
used this data to get an idea about whether the students used the
MOOC for reviewing theoretical concepts through videos,
readings or for exercising. The results of this analysis were
cross-analyzed with qualitative data to extract conclusions
about how students used the MOOC:s and their main reasons.

To address RQ2 about the students’ learning outcomes, we
conducted several statistical analyses in Stata/IC 14.0. First,
we performed Welch #-tests to determine whether the average
scores of active students were higher than the ones of non-
active students in the different DE instances. Second, we con-
ducted a Chi-squared test to determine whether there’s an
association between students’ adoption and students’ approval
rates. Third, we performed statistical matching by using pro-
pensity scores based on students’ prior knowledge to estimate
the effect of students’” MOOC adoption on their performance
in the diagnostic exams. NEM (high school GPA score), MAT
(mathematics score), CIE (science score), and RKG (ranking
score) were considered the covariates. As the treatment, we
used the categorical variables on students’ activity in a
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Fig. 1. Total amount of movements in the four MOOCs during the case
study period.

MOOC module. Students’ scores in the different DE instances
were defined as the outcome variables. We paired the nearest
neighbors with a caliper of 0.1, besides evaluating the balance
of covariates between active and non-active students before
and after the matching. The results of the statistical analysis
were also complemented with data from the semi-structured
interviews to understand the students’ learning benefits from
using these courses.

V. RESULTS

This section reports on the results obtained from the analy-
sis to address the two research questions. Section 4.1 presents
the results about the students’ adoption of the MOOC initia-
tive, and Section 4.2 about the effects on students’ learning
outcomes. For organizing the results and facilitate their read-
ability, we use tags to refer to the results: AR-X to refer to the
Adoption Results; and LOR-X to refer to the Learning Out-
comes Results. The X indicates the number of the result.

A. Students’ Adoption of the MOOC Initiative

Table VII shows the summary of the mixed method results
on students’ adoption, including the data source(s).

Regarding AR-1, Fig. 1 shows that the days before each diag-
nostic Exam (January 13th, January 20th- 29th, and February
29th), the MOOCs have much more movement than the rest of
the two months.

The average number of interactions per day per MOOC dur-
ing the three days before DE-Instance 1 is 591, whereas it is
only 154 the 3 days before DE-Instance 2 per day per MOOC,
and 130 before DE-Instance 3. M2 has the major activity dur-
ing the case study period, reaching 8.200 movements in total,
followed by M4 with 4.611 movements, then M1 with 3.919
and finally M3 with 2.027. The results of the semi-structured
interviews indicate that the students used M2 more frequently
because these topics were not studied in high school:
“Trigonometry was the hardest for me, because I had not seen



TABLE VIII
INTERACTIONS WITH EXERCISES, VIDEOS, AND READINGS CAPTURED

TABLE X
WELCH T-TEST RESULTS TO COMPARE AVERAGE SCORES IN DE BETWEEN

IN EACH MOOC ACTIVE AND NON-ACTIVE STUDENTS
MOOC Section M1 M2 M3 M4 Score P-value
Problem 1.441 3.218 899 1.836 Course Group N Mean (* < 0.05)
(60%) (71%) (85%) (77%) :
Videos and 963 1.325 161 564 ScoreDE1-  Non-active 572 74%  0.158 0.0131%
Readings (40%) (29%) (15%) (24%) M1 Active 96 78%  0.152 '
ScoreDE1-  Non-active 533 38% 0.270 0.0000%
TABLE IX M2 Active 135 51%  0.221 '
LEARNING OUTCOMES RESULTS ScoreDE1-  Non-active 611 59% 0.196 0.0086*
Finding Data Sources M3 Active 57 65%  0.185 )
LOR-1. Students that were active users in the M2 MOOCs” Movement ScoreDE1-  Non-active 564 57% 0.263 .
MOOC module reported statistically higher Logs; Students’ M4 Active 104 66% 0.238 0-0003
scores in DE-Instance 1 and 3 respectively than scores in DE; Inter- ScoreDE2- Non-active 101 719% 0.188
the non-active users view 4 - 0.6625
M1 Active 13 68% 0.211
LOR-2. Students that were active users in the M2 MOOCs” Movement N 06 5% 0166
- -acti .
MOOC reported statistically higher approval Logs; Students’ ScoreDE2 Or.l e Oo 0.3550
rates in DE-Instance 1 and DE-Instance3 respec- scores in DE M2 Active 46 69% 0179
tively than the non-active users ScoreDE2- _Non-active 262 81%  0.141 05440
LOR-3. Being active in the M2 MOOC during MOOCs” Movement M3 Active 23 80%  0.139 .
BDE-I1 had a significant effect on students’ scores  Logs; Students’ ScoreDE2- Non-active 202 62% 0.194
in DE-Instance 1 (ScoreDE1-M2) scores in DE M4 Active 28 52% 0.221 0.9850
LOR-4. Students learned new concepts and Interview 5; Inter- ScoreDE3-  Non-active 66 66%  0.149 L os00
method thanks to the MOOC courses, and they view 6; Interview 8 M1 Active % 599% 0.199 .
also helped refreshing content they learned in
ScoreDE3-  Non-active 186 44% 0.18
school 0.0001*
M2 Active 77 53% 017
ScoreDE3-  Non-active 131 60% 0.20 0.2601
it in school (Interview 4)”; “I took the M1 and M2 MOOCs M3 Active 34 63% 021
because there were many concepts I had not studied in school ScoreDE3- _Non-active 178 57% 0224 0.0451%
(Interview 5)”. M4 Active 44 64%  0.241 '

Regarding AR-2, Table VIII shows that the exercise sections
registered more interactions than the video and readings’ sec-
tions in the 4 MOOCs. Even more, in the interviews a student
stated, “I saw the videos whenever I wanted” [Interview 7],
indicating that the students used the videos as a support for
practicing.

Regarding AR-3, UC-Engineering students admitted in the
interviews using the calculus and chemistry MOOCs to study
for other courses, for example: “Recently I took Chemistry II,
and I had no previous knowledge about chemistry so I took
the chemistry MOOC (that UC-Engineering provides) before
the semester began” [Interview 3]; “I used the MOOCs before
the semester began because I had taken Calculus IT and I
wanted to be prepared [Interview 8]”.

Finally, during the interviews, students stated that they
would like to have more MOOCs to study from: “I found the
MOOC:s too short, they could have more contents” [Interview
3]; “These courses could be useful as an extra support for
when we take more difficult courses” [Interview 4].

B. Effects of the MOOC Initiative on Students’ Learning
Outcomes

Table IX shows the results about the effects on Learning
Outcomes (LOR) based on the quantitative and qualitative data.
With regards to LOR-1, Table X shows the results of the
Welch r-tests to determine whether active users obtained

higher average scores than those who were non-active (one
tail). First, as was expected, active users in the MOOCs
obtained higher average scores than the non-active users in
DE-Instance 1 for all four exam subjects, as was reported in
[20]. With a confidence level of 95 percent, these results show
that active students’ scores are particularly higher for the ones
that interacted with the M2 MOOC. This MOOC module reg-
istered the highest amount of learner movements (see Fig. 1).
Also in the interviews, students mentioned how much they
used and learned from the trigonometry MOOC (M2) course:
“In school I was taught the basic calculus concepts, but I only
knew a little trigonometry so I studied with the MOOC for the
diagnostic exam”. Finally, active users during BDE-I3 in M4
also obtained significantly higher average scores than those
who were non-active in the MOOC.

Regarding LOR-2, Table XI shows the results of the Chi-
square test (x2) that determines whether there is an association
between students’ activity in a MOOC module and the
approval rates. Particularly, it shows the approval rates of stu-
dents who were classified as active (A) and non-active (NA).
With a confidence level of 95 percent, the group of students
who were active in the M2 module during BDE-I3 had higher
approval rates in DE-Instance 3 than those who were not
active. The same result replicates for the group of students



TABLE XI
APPROVAL RATES OF STUDENTS WHO WERE CLASSIFIED AS ACTIVE (A)
AND NON-ACTIVE (NA) MOOC USERS (x2 RESULTS)

TABLE XII
EFFECTS OF MOOC ACTIVITY ON THE DE1 SCORES ACCORDING TO
PROPENSITY SCORE MATCHING

Course A ) NA (n) X Prvalue

(* < 0.05)
DEI-MI 90% (86)  81% (461) 4478 0.034*
DEI-M2  39%(53)  25%(132) 11.300 0.001*
DEI-M3  54%(31)  40% (244) 4.496 0.034*
DEI-M4  62%(64)  50% (281) 4826 0.028*
DE2-M1 75% (9) 75% (69) 0.0000 1.000
DE2M2  65%(30)  74% (217) 1.387 0.239
DE2-M3  87%(20)  92% (240) 0.810 0.368
DE2M4  46%(13)  57% (115) 1.160 0.282
DE3-M1 589% (15) 77% (51) 3.5275 0.060
DE3-M2  46% (35) 27% (51) 8.0488 0.005*
DE3-M3 59% (20) 62% (81) 0.103 0.748
DE3-M4  66% (29) 56% (99) 1,530 0216

that were active in all four modules during BDE-I1, as was
reported in [20].

LOR-3 was estimated by a successful peer matching using
the scores in DE1-M2 as the outcome, students’ activity in M2
MOOC as the treatment, and the variables that describe
students’ prior knowledge as the covariates. Table XII shows
the effects of MOOC activity on the DEI scores according to
propensity score matching (caliper = 0.1). By matching, the
variance ratios between active and non-active students
become closer to O for all the covariates, except NEM
(~ 0.15). Additionally, the standardized differences became
all closer to 0. Then, comparable 667 pairs were generated
from observable data. According to these comparable groups,
with a 95 percent confidence level, it can be said that being
active in a MOOC module had statistically positive effects on
the DEI test scores of the respective module, particularly in
Modules 2. Active students in M2 MOOC had, on average, 15
percent higher DEI-M2 test scores than those who were non-
active.

Finally, regarding LOR-4, in the interviews the students
reinforced that they had learned from the MOOCs: “The
MOOCs clarified many concepts that I did not know or had
forgotten”; “The MOOC taught me, everything in there was
new to me”; “I learned a few methods and definitions™; “I
think it helped me remember many things. Thanks to the
MOOC I was much more prepared for the calculus and algebra
first semester courses’.

VI. DISCUSSION AND CONCLUSIONS

The lessons reported in this section were obtained from
reflecting on the results from both the student’s adoption and
learning outcomes. To highlight those aspects of the study that
could be applied to other contexts, we analyze the issues that
emerge from this work as future work, and report the limita-
tions that would deserve further study.

First, students are not yet enough prepared to adopt
MOOC:s for remedial studies if they are not mandatory. The

Coeffi- Al Stand. p-values Confidence

cients Errors (* <0.05) Intervals
M1 0.032 0.016 2.62 0.044* 0.001 - 0.6
M2 0.153 0.023 6.60 0.000* 0.1-0.2
M3 0.062 0.063 2.32 0.020* 0.01-0.11
M4 0.094 0.024 3.91 0.000* 0.04-0.14

results of our study show that between 4 percent (the mini-
mum) and 18 percent (the maximum) of the students were
active in the MOOCs under study during the case study period,
reaching its peak for DE-Instance 1. Considering how the
online initiative was promoted within the students, these per-
centages are less than what was expected. This result means
we must improve the promotion of the initiative for future
interventions. For future work, we would like to better under-
stand how students self-regulate in these type of courses and
what type of support they need to encourage future freshmen
students to use the MOOCs and obtain better results in the
diagnostic exam and remedial courses.

Second, students that used the MOOCs before the diagnos-
tic exam had significantly more chances of obtaining better
scores and of passing this exam than students who did not
study from the MOOCs. By comparing students with similar
prior admission scores [14], we observed that students who
used any of the four MOOCs during BDEI1 had better chances
of passing the DE and would obtain better results than non-
active users. In this extension, we were also able to prove that,
during BDE3, students who were active in M2 also obtained
better scores and had a better probability of passing DE-
Instance 3 than students who did not study from the MOOC.
Although these results expand current knowledge on MOOCs’
effects, the lack of randomization limits the external validity
of these findings. In order to test the effect of a remedial
MOOC in other educational setting, variables that signal prior
knowledge should be identified for each particular context in
order to build comparable groups of students.

Third, students tend to be active in the MOOCs more inten-
sively before the exams, especially in M2. Most of the move-
ments in the courses were registered before the diagnostic
exams. In addition, differences were observed on the activity
patterns in each of the courses. Course M2 registered more
movements than the other 3, followed by M4, then M1 and
finally M3. Since all the courses where prepared by the same
teachers and used the same resources, we sustain that this dif-
ference can be due to the needs of the students on the different
course topics. For example, the national admission test does
not evaluate trigonometry (M2), a branch of mathematics that
is required for succeeding in engineering calculus courses.
Therefore, the availability of M2 might have raised student
awareness of the importance of this topic for succeeding not
only in the diagnostic test, but also in their first year of college.
Further research on MOOCs used as a complement for reme-
dial post-secondary education should be addressed. But on the



other hand, this difference could simply be due to the quality
of the MOOCs. Moreover, we need to consider the students’
diversity, since some students might be interested only in spe-
cific sections of the course. Studies have reported that
although most of the participants in a MOOC tend to follow a
linear path through the course content, these paths can vary
depending on characteristics such as the age or the country of
origin [7], [12]. Also, there are students who lose interest as
they advance in the courses, because they feel unable to
achieve the MOOCs’ goals [27].

Fourth, service MOOCs should be designed for diversifying
learning activities and exercises. A curriculum narrowing
effect has emerged from the fact that the national admission
test is not evaluating trigonometry, a branch of mathematics
that is required for succeeding in engineering calculus courses.
Therefore, the availability of M2 might have raised student
awareness of the importance of this topic for succeeding not
only in the diagnostic test, but also in their first year of college.
Further research on MOOCs used as a complement for
improving academic preparation for college should be
addressed. Future work includes obtaining quantitative data
about the student’s perception of their adoption through ques-
tionnaires, to make certain generalizations that cannot be
made with the interviews and focus groups.

In conclusion, this paper has shown that offering students
different MOOCs as a complement study resource for an on-
campus diagnostic exam is a complex process that involves
many variables and dimensions that need to be considered for
the students to use the MOOCs and learn from them. How-
ever, the benefits of this effort give those students better chan-
ces of succeeding in the corresponding exams, and getting
them more involved in their own learning process.
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