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Abstract—Massive Open Online Courses (MOOCs) have been 
tremendously spreading among Science, Technology, Engineering 
and Mathematics (STEM) academic disciplines. These MOOCs have 
served an agglomeration of various learner groups across the world. 
The leading MOOCs platform in Austria, the iMooX, offers such 
courses. This paper highlights authors’ experience of applying 
Learning Analytics to examine the participation of secondary school 
pupils in one of its courses called “Mechanics in everyday life”. We 
sighted different patterns and observations and on the contrary of the 
expected jubilant results of any educational MOOC, we will show, 
that pupils seemingly decided to consider it not as a real motivating 
learning route, but rather as an optional homework.

Keywords—Learning Analytics; MOOCs; STEM;Visualizations 

I. INTRODUCTION AND RESEARCH QUESTION

MOOCs were a blowing bubble spreading among different 
educational aspects in the last four years. Its hype was 
massively attracting experts from all scientific research fields 
[2, 12]. With their supremacy of providing low-cost courses 
and the potential to expand and include a broad diversity of 
educational levels, MOOCs kept acquiring power and 
popularity. Within the same fashion, STEM grabbed a large 
share of available online courses provided by MOOC 
platforms. While such courses could be credited into students’ 
actual college degrees, high school students have the possibility 
to use MOOCs in order to explore various programs in STEM 
fields [13]. We still think MOOCs will keep extending and 
expanding in the higher education areas. But, what about 
MOOCs in high schools? MOOCs could have the potential to 
allow children who are homeschooled to pursue their education 
from their homes [1]. For instance, the state of Florida 
provided schools the chance to permit MOOCs to be taken for 
credit in some of the courses such as algebra or biology [3]. 
However, the negative factor crystallized when the teachers are 
required to manage the MOOCs for the course providers.  

The availability of MOOCs for school pupils has been 
obtainable on different platforms in USA and Europe. The 
well-known MOOCs provider, edX, had and kept offering 
numerous high school courses for students to help them being 
ready for college1. Additionally, few MOOCs are also available 
for the 11-19 age range in the United Kingdom [14]. The 
Austrian MOOCs provider, iMooX (www.imoox.at), walked 
on the same footsteps to afford multiple of courses for school 

                                                          
1 https://www.edx.org/high-school-initiative, last accessed May, 2015 

students provided in German language. Regardless MOOCs 
challenges such as high drop-out rate [6], lack of interaction 
with the instructor [5], accreditation and the arguments about 
the pedagogical approach, the tale seems also impressive when 
it comes to the school students. The students have different 
needs compared to university or lifelong learners [14].

In this research publication, we will put a special focus on 
Learning Analytics in use in order to examine school pupils’ 
attitude in one of the provided courses in STEM at iMooX.
With the use of Learning Analytics, powerful tools become 
available which mainly aim to enhance learning, improve 
students’ performance and discover pedagogical and learning 
patterns [4]. The exploratory educational dataset analysis will
try to answer the question of whether the school students tend 
to use MOOCs seriously when they are not forced to do it. We 
will illustrate an activity profile for students enrolled in the 
online course and examine their performance during quizzes.
However, the principle of applying Learning Analytics makes 
it as an integrated part of any researched educational system, 
which is typically hard to deliver when it is employed in a 
MOOC platform [2]. Taking into consideration the retention 
rate and the limited number of students who are involved in 
this research study, it is not expected to build future decisions 
or draw an overall picture of school pupils based on it. Instead, 
we would show an extraordinary new study, which analyzed 
such a science online course and tracked an overlooked class of 
learners. 

The paper is organized as follows: Section 2 covers the 
research methodology in this study. Section 3 gives an 
overview about the MOOC platform and the course. In Section 
4, we show the analysis part of the MOOC and examine the 
participants’ performance.

II. RESEARCH METHODOLOGY

This research study employed compound analysis methods 
on the collected data. When students login to the MOOC 
platform, they generate data. On the contrary of the old 
educational principles, learners are not only consumers, but 
they are also producers of data [4]. Each action done by 
students is recorded and saved; as a result, massive amount of 
data is created and yield to repositories of datasets namely “Big 
Data”. With the large educational datasets, we applied different 
methods of tidying up the data [16] as well as classifying it into 
categories, in order to ease the processing and the visualization 
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phases. We followed the content analysis methodology where 
units of data collection and units of analysis were distinguished 
and get measured [11]. Finally, we generalized the outcomes 
and summarized the results. 

Over and above, talking about ethics and Learning 
Analytics is a journey by itself. We considered privacy 
constraints when Learning Analytics was applied. We ensured 
that students’ data were kept confidential. The educational 
dataset is secured by a local Virtual Private Network (VPN) to 
protect the information from any unauthorized access. The 
analysis invoked file permissions and authorized a safe 
operating environment. Furthermore, all the research phases 
and the results are restricted to the research members. Our 
Learning Analytics team is currently developing a de-
identification system to anonymize the data collected from the 
MOOC platform to follow the European Data Protective 
Direction 95/46/EC2 for the protection of individuals’ private 
information.

III. IMOOX AND COURSE OVERVIEW

A. The Platform 
iMooX is an Austrian MOOC platform initiated in 2013 

with the cooperation of the twin universities in Graz in Austria; 
University of Graz and Graz University of Technology. Since 
then, iMooX has offered multiple courses in German language 
to the public completely for free. The courses are varying 
between technology, social science, and engineering. All 
materials are obliged to follow the lifelong learning track and 
are provided as Open Educational Resources (OER) [10]. 
Besides that, it offers certificates to the participants who 
successfully complete the courses and their requirements at no 
cost. Keeping up with the traditional forms of learning, the 
platform offers videos, quizzes, learning material as well as a
communication essence through discussion forums. 

B. Course Overview and Structure 
While the majority of MOOCs in the world is available to 

Higher Education (HE), school pupils do not really have such a 
global focus [1]. In its turn, iMooX has made some of its 
courses to target especially this group of learners. Such courses 
are: “Mechanics in everyday life” and “The Circle”. Our 
research study examined the first course “Mechanics in 
everyday life”. It discussed physics, mechanics and 
aerodynamics sciences on high school level. The course 
requires no previous knowledge, but the participant should 
know at least the basics of school science. This research study 
targeted the high secondary school pupils who finished their 
primary schools and have the essential knowledge of physics 
and science fundamentals. 

Similar as other courses provided, German is the 
communication language, with 10 weeks-time period. Each 
week consists of couple of videos, forum discussions as well as 
quizzes. The course included in summary 46 learning videos 
with less than 5 minutes each and 10 quizzes. Participants 
should pass each quiz with at least 75% to successfully 
complete the course. The planned workload was set to be 3 

                                                          
2http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri= 
CELEX:31995L0046:EN:HTML, last accessed May 2015

hours per week. At the final stage, completers, and those who 
successfully pass all the quizzes, are heartened to inquire for a 
certificate after answering an evaluation questionnaire where 
they review their experience within the course.  

Unlike other MOOCs, a student has the option to do five 
trials per the weekly-quiz. The quiz approach in iMooX is 
fairly different than the traditional known quiz systems, where 
multiple chances are available to try, due to it is intended to be
as a kind of self-assessment learning guidance. The system is 
set up to record the highest grade the student scores. From the 
pedagogical point of view, we aim to study the participants’
learning behavior over the number of trials of each week, and 
from the psychological point of view, it is expected that such a 
system reduces the stress and, therefore, make the students 
behave more comfortable. 

IV. ANALYSIS AND DISCUSSION

To start analyzing the collected students’ data, we planned 
to track the activities students processed in the course’s online 
environment. Such activities create footprints that can assist in 
detecting students’ progression in the whole learning 
mechanism [15]. Within the educational datasets, the aim is 
revealed to discover patterns that if combined with pedagogical 
approaches would lead to improving students’ learning 
behavior from one side, and embellish the teaching methods on 
the other side. Accordingly, the analysis consisted of tracking 
most of the learners’ operations on the course environment. We 
took into account the ethical factor by respecting the privacy of 
our students’ personal information. 

We observed students’ activities in discussion forums, their 
performance, quiz trials and watching the videos. The first 
analysis result embodied into tracking students in a form of an 
activity profile. Any possible information regarding their 
commitment in learning through watching videos and 
exchanging arguments with the instructor in the discussion 
forums would allow researchers to evaluate the course or 
improve the course’s model. Besides, it can support 
stakeholders with their decisions to achieve different 
educational goals. We classified enrollees in this MOOC into 
two main categories: their class and their status. Figure 1 
illustrates the activity profile of all the students enrolled in the 
course. 

Unlike the classical way of assigning the timeline on the x-
axis, we assigned the activities on the horizontal coordination 
line and the course’s time frame on the y-axis. The tracked 
activities include, from left to right: A) Students who post in 
the discussion forum. B) Students who clicked on any thread in 
the forum. C) Number of quizzes trials each student did. D) 
Students who clicked on any of the learning videos. All 
activities were separated by the course’s time length from 
week-1 till week-10. The school pupils have been specifically 
indicated by providing them special usernames (N=27), while 
we could easily pointed out other participants (N=242) as long 
as the course was open to the public. We categorized certified 
participants (N=18), and those who passed all the quizzes and 
claimed for a certificate, and denoted them in red color while 
others, and those who were not qualified for a certificate, were 
symbolized in turquoise color.  
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Fig. 1. Activity Profile of the MOOC’s Students

The figure shows school pupils with a triangle symbol 
spread among all activities with a noticeable action in the 
quizzes trials compared to the other participants, with a square 
symbol. The school students were posting their reviews and 
questions more often in the first four weeks supported by the 
class teacher who encouraged them to use the online 
discussions. This has proven the fact that the interaction 
between the students themselves and the instructor guarantees 
the friendly social atmosphere and fosters the overall 
exchangeable communications [8]. On the contrary, and due to 
the reason that this MOOC is not obligatory, the pupils were 
mostly motivated to complete the course either by their inner 
intention of interest, or because the class teacher induced them 
to do so. According to the in-the-class observations, the teacher 
was motivating the students and offered them some extra 
participation points. Nevertheless, the MOOC was not 
completely integrated with this science class, but as a collateral 
plan of study. In addition, the quizzes’ scores were not related 
to their final class outcome and that would explain the low 
students’ participation in quizzes. 

The dropout rate is obvious in the activity profile. The 
observation shows passive interactions on week-5 in the videos 
and the forum posts activities. However, reading in the forums 
was flowing in and was at peak on week-4. This was explained 
as the teacher was answering students’ questions through the

online forum. (18.5%) is the percentage of the certified school 
pupils (N=5), which is nearly equivalent to the certification rate 
grabbed of analyzing iMooX courses [7]. While (N=18, 6.67%) 
was the certification rate among all who participated in this 
online course. 

The interesting observation was revealed with the certified 
school pupils’ attitude amid the MOOC activities. Their 
participation in posting in the forums was completely halted 
after week-4, and their reading in forums is barely seen in 
week-6, week-8, week-10. However, the analysis shows an 
unexpected relation between the learning material, which is the 
videos, and the completion rate. The pupils successfully passed
the quizzes without even watching a single segment of any of 
the learning videos. It looks like the students were practicing 
the quizzes questions in trials and have been doing self-
assessment; regardless of the fact these questions were 
randomly changing every time they apply for the same quiz. 
For instance, it can be seen in figure 1 that the certified pupils 
were doing more quiz trials when they don’t access the 
learning videos. 

 Different scenarios could be explained within these 
analysis results; the first explanation is easy exams questions,
and that have been nullified by looking at the number of 
quizzes trials the pupils do, which will be discussed later, and 
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Fig. 2. The MOOC Quiz Trials & The Students’ Performance

comparing them with the other learners. The second 
explanation clarifies that class pupils had enough knowledge to 
answer the questions without watching videos by asking the 
class teacher or looking for answers on the internet and 
therefore they were not taking the quizzes seriously to test their 
consideration of the course’s subject.  

It is a fact that this MOOC wasn’t considered more than a 
typical homework the pupils liked to do. With the motivated 
teacher and having a sense of contest between the students to 
see who scores higher in the quizzes, we cannot proclaim more 
than considering this MOOC as playing with the educational 
system and learning was happening by the teacher’s 
instructions and endorsements. 

Having looked broadly at the activity profile analysis, the 
evaluation of the students’ behavior was expanded to cover the 
critical part of this study which is the quizzes trials 
accompanied with the learning progression. Despite the fact of 
the traditional learning process, when a student solves a
problem alone without a direct assessment or teacher’s 
assistant, this would lead to a negative productive manner on 
the student [9]. However, this was sidestepped by providing 
multiple choice questions with a space of repeating it for five 
times and getting his/her results directly afterward. 

In figure 2, we show the performance progression of each 
participant during the course. Each plot in this figure represents 

a trial of all quizzes. The x-axis shows the trial score, while the
y-axis records the final score of the quiz. The blue dots denote 
school pupils and the orange ones denote other participants. 
Larger dots depict who successfully pass a quiz, with a score 
over 75%, while the smaller ones symbolize who couldn’t.

There were (N= 168) of quiz trials that school pupils did;
first trial (N=81), second trial (N=55), third trial (N= 22), 
fourth trial (N=8) and fifth trial (N=2).  While there were 
(N=532) of trials other participants did. That prompts that there 
were 6.22 trials per school pupil and 2.19 trials for each other 
participant. As a consequence that the plots in the figure are 
being shaped into squares, any participant whose score is
shown on any of the plots diagonals, means that his/her score 
on that plot is his final recorded degree, and (s)he stopped on 
that trial.  

 Getting more involved into the performance, we noted that 
the pupils whose highest score on the first trial were (N=28).
Yet, the majority of participants liked to try the quiz for 
another time anticipating for a higher score. For instance, the 
pupils whose second trial was their highest score were (N=36) 
and whose third trial was their highest score were (N=15), and 
that can be easily explained by the guided learning they gained 
through each trial. However, it was obvious that the secondary 
school pupils tended to do more quiz trials than other 
participants as a part of a competition portrayal. 
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Lastly, our observations show that almost the majority of 
participants are performing better after each quiz trail. Usually, 
they stop when their score meet the required passing grade. 
Nevertheless, others liked to do the challenge and took the 
chance to grasp the full mark. 

V. CONCLUSION

This paper has discussed the Learning Analytics application 
into a STEM MOOC. MOOCS are online courses that present 
the image of the new Educational Technology. The variances 
of topics to be included into MOOCs are deep and broad. One 
can find thousands of courses related to STEM available online 
in different languages with support of management and 
business courses that fuels the needs in STEM disciplines [13]. 
The authors showed different patterns extracted out of the data 
generated by the participants. They explained the built activity 
profile that displayed the dropout rate and the pupils’ total 
intentness during the course. Moreover, their tracking of the 
students’ performance during the quiz trials showed the 
benefits of guided learning on pupils’ outcome during the 
course. After all, we think it is advisable to: 

Implement a MOOC with a didactical approach in the 
classroom to attract pupils’ motivation.

Expand in-the-class teacher roles in STEM MOOCs. 

Design shorter MOOCs to increase the completion rate as 
well as encourage pupils by providing them badges of 
accomplishments [7]. 

 However, this research publication expresses results based 
on a detailed data analysis. It is planned to do further research 
such as evaluations and interviews which will draw a better 
pattern recognition of school pupils and confirm the absolute 
outcome of this study. 
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