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Abstract—While researches on programming MOOCs give importance to
the pedagogical issues (assessment, using of integrated development environ-
ment, analysing performance or dropout in programming MOOC:s), studies focus
less on didactic issues. Thus, this study aims to understand the learning process
within the MOOC of “Algorithms and Programming” delivered on the national
platform “Morocco Digital University (MUN)” and presents a description of the
learning strategies within programming MOOC:s and difficulties encountered by
participants drawn from in-depth interviews with 39 participants. The results
revealed that to learn within the MOOC, the students used “cognitive strategies”
in terms of elaboration strategies such as linking the content with prior program-
ming knowledge and organization strategies such as the use of flowcharts to build
step by step the algorithmic knowledge and “technical strategies” in terms of
mobilization of videos and quizzes of the MOOC. The students have difficulties
in decomposing problems, passing from the analysis phase to the algorithmic
development phase and complex treatments composed of several conditions and
loops. These results can provide MOOC instructors and researchers with insights
into the study and design of programming MOOCs by taking into account the
various learning strategies used by students and their experienced difficulties.

Keywords—distance education, didactics, learning strategies, MOOC,
difficulties, programming

1 Introduction

Over the last few years, Moroccan universities have experienced strong growth in
student numbers. This massification, which makes the quality of learning low, has led
Moroccan universities to express their concern about the lack of human resources as
well as the conditions of teaching based on courses given in amphitheaters. This tra-
ditional model of teaching at universities has proved its inadequacy. Thus, we observe
weak supervision of students, a pedagogy not adapted to the student’s rhythm, a high
dropout rate, a training not adapted to the job market (low employability) but also not
accessible to the greatest number of students [1].
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MOOC:s appear as a solution to these challenges. In particular, several Moroccan
universities are already involved in the creation of distance learning platforms hosting
free massive open online courses at the universities of Marrakech, Fez, Settat, Beni
Mellal and others. In 2016, an agreement was signed between the Ministry of Higher
Education, Research and Executive Training in Morocco, the GIP FUN-MOOC and the
French Embassy to create the first national-scale platform in Africa “Morocco digital
university” (MUN). This agreement aims to enable Moroccan universities to develop
MOOCs and SPOCs (private online courses for small groups) as well as to strengthen
partnerships with French universities in this new field. Out of a total of 119 submitted
projects, 49 MOOC projects were selected to be the first MOOCs present on MUN
when it officially launches in June 2019. The MOOC Algorithms: Basic Concepts and
Applications is one of the selected projects. This MOOC aims to assist students in the
design and development of algorithms. This assistance was set up to overcome the
difficulties encountered in the classroom by students developing algorithms including
their execution while confronting them with other audiences. Indeed, algorithmic is a
theoretical discipline that is a basis for the appropriation of all technical programming
languages (C, C++, Java, PHP, etc.). It is considered an interesting step towards the
development of software or computer applications. Yet, it is a difficult subject that has
often been a source of problems for novice learners. The failure or drop-out rate in
introductory programming courses varies from 25% to 80% worldwide. This failure is
caused by both the cognitive aspects of the subject matter itself as well as the strategies
adopted for teaching [2]. Thus, learners generally find themselves demotivated and
unable to transfer the acquired knowledge (loops, variables, conditions, etc.) to face
new encountered problems.

1.1  Learning algorithms and programming in traditional contexts

Medeiros et al. [3] found that problem solving: understanding the context of a prob-
lem, identifying key data and developing a plan to solve it, is one of the most frequently
cited skills in the 100 studies that they analysed. A lack of mastery of these techniques
makes it difficult to understand the programming. These authors found that problem
solving: understanding the context of a problem, identifying key data and developing
a plan to solve it, is one of the most frequently cited skills in the 100 articles that they
explored. A lack of mastery of these techniques makes it difficult to understand the
programming content. Similarly, Cheah [4], in his literature review about the difficul-
ties in learning programming, stated that learning this subject is very hard at the early
stage of education. This author stipulates that programming is characterized by a high
failure rate.

In this sense, Gomes and Mendes [5] consider that the abstract nature of program-
ming and its characteristics, as well as programming language syntax, are conceived
especially for professionals and not for learners. More specifically, the notion of vari-
able poses difficulties for novices. Indeed, Nijimbere [6] notes that the difficulty of
learning a variable by students is due to the absence of this concept in their cognitive
past. This author highlighted that if the mathematical variable is initially known among
novices, the notion of a variable in computer programming is new. Another aspect of
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this difficulty concerns the different states of a variable. In this perspective, Briant [7]
highlights that elementary operations pose problems for novices. A novice student can-
not distinguish between elementary operations and compound operations. Briant gives
the example of the primality test for a natural number: why divide a number and check
that the result is an integer are elementary operations? Otherwise, why would not the
task of checking if a number is prime be an elementary operation?

1.2 Computer programming MOOCs

Massive open online courses (MOOCs) have received considerable attention from
educational institutions and private enterprises. The studies undertaken on MOOCs
have experienced rapid growth. This is evidenced by the production of several empir-
ical and review studies since 2008, published in journals specialized in educational
technologies [8]. Some studies focusing on programming MOOCs have been published
in the last decade; among them, we note the study of Luik and Lepp [9] which empha-
sizes that mastering programming has been growing in recent years. Indeed, nowadays
companies and institutions need increasingly people with programming skills. These
authors underline that MOOCs are a possible way to satisfy this demand to teach a
huge range of people. According to de Oliveira et al. [10], previous literature on learn-
ing algorithmic and programming has attempted to investigate the problems associated
with computer programming learning within MOOC:s. The findings stated that students
are unable to apply algorithmic or programming procedures. Students also lack the
motivation to apprehend the content. In a recent study conducted by Babori et al. [2]
which examined the various difficulties encountered by students to apprehend the pro-
gramming MOOC content, the results stated that the most difficulties faced by students
are related to programming content such as decomposing problems into sub-problems
and treatments composed of several conditions and nested loops.

The recent researches focusing on the learning process in programming MOOCs
deal with “tools for automatic program assessment”, comparing the automatic evalu-
ation of two automatic assessment approaches [11] or “the use of integrated develop-
ment environment (IDE)” in the MOOC platforms such as Codeboard tool MOOC [12]
that allows improving the level of engagement and the behavior of the learners who are
learning the programming content. These authors point out that this IDE can be inte-
grated into the pedagogical scenario of the course to increase the interaction of learners
in programming MOQC:s. In this sense, from a design perspective, Spyropoulou et al.
[13] described the process of developing a computer programming MOOC.

By analysing “student performance” in a programming SPOC, in terms of grades
obtained in final exams, Psathas et al. [14] pointed out that students taking the SPOC
were satisfied with the designed system and achieved higher scores on exams. In this
sense, Shen and Lee (2020) examined the evaluation made by students of the pro-
gramming MOOCs distributed on the Codeacademy platform which proposes to learn
programming languages such as PHP, Javascript, Python. By analysing 218 responses
(from 62 questions) on Quora, the authors provide implications for the pedagogical
scenario of programming MOOCs without taking into account the learning strategies
of students or their difficulties. Similarly, Feklistova et al. [15] explored the learner’s
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performance in a programming MOOC. More specifically, the authors examined how
various groups of learners vary in performance.

Studies have also explored the various “predictors of students’ retention” in a com-
puter science MOOC such as programming experience, gender and pre-computational
thinking skills [16]. In the same perspective, by analysing the dropout in a program-
ming MOOC, Haar and Bell [17] examined the performance of repeat learners: learners
who took the same course multiple times. The authors found that these learners com-
plete and engage with a course more than the single-run counterparts.

Other studies examined the dropout rate in computer programming MOOC [18]. To
solve this problem, R6dm et al. [18] suggest that students take course at a level that fit
them as well as to encourage learners to use course resources for help.

These same authors, in another study [19], examined the data collected from a ques-
tionnaire given to learners enrolled in an introductory computer programming MOOC
in Estonia, the order in which learners follow the MOOC activities: learners generally
followed the sequence of activities presented in the course environment.

Other studies analysed the forum discussions of programming MOOC [1], [20]. The
study of Babori [1] described the learning strategies (cognitive and social strategies)
adopted by students by examining discussion forums in a MOOC of algorithms and pro-
gramming. More particularly, Nelimarkka et al. [21] examined the social help-seeking
strategies in a programming MOOC: seeking help from friends and seeking help from
alumni and teacher communities. Regarding the study of [20], it investigates how
instructor involvement and platform features affect the quantity and quality of discus-
sions in MOOC:s.

This review of literature highlights the fact that the majority of these studies focus-
ing on learning programming within MOOCs deal with pedagogical issues (assess-
ment, integration of IDE, analysing performance or dropout in programming MOOCs)
that are not related directly to the conveyed content (for example what knowledge is
assessed in these programming MOOCs or what are the what are the concepts that pose
difficulties to students). As highlighted by a recent literature about MOOC:s [3]; while
giving importance to the learning process, previous studies focus less on content as a
research object. More specifically, a paucity of research focused on issues examining
the disciplinary structure of content, the skills and abilities that are required to learn
algorithmic content or the difficulties faced by students in learning specific content.
This leaves an important gap and reveals the need to examine the learning strategies,
the knowledge learned by students or their encountered difficulties.

In this sense, we situate this study in this context of didactic researches on MOOCs
by examining the learning strategies and difficulties faced by students to learn algo-
rithmic and programming MOOC within the conceived MOOC: “Algorithm: Basic
concepts and applications” which we will describe in the next section. More partic-
ularly. This study will attempt to respond to the following research questions: What
are the learning strategies adopted by students? What is the content acquired
by students within the MOOC? What are the difficulties experienced by these
participants?
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2 Methodology

2.1  Context and methodology

The Algorithm: Basic concepts and applications MOOC offered by MUN (Morocco
Digital University) attracted 1052 registrants. The MOOC aimed to learn how to con-
ceive algorithms and programs. The MOOC is organized into weeks. There are six
mandatory weeks dedicated to algorithmic and two optional weeks of programming
in C language. Each week consists of several units composed of videos, web pages,
quizzes and a discussion forum that allows discussing MOOC content. Week zero
presents the overall site including an introduction to the MUN platform and a general
introduction to “Algorithm MOOC: Basic concepts and applications”. The other weeks
are organized into themes according to a specified order: from simple to complex. For
instance, in the videos or quizzes, we start with easy examples and then gradually we
tackle complex concepts. In week one, variables and basic instructions are processed.
Week two presents conditions. Week three covers the loops: we proposed a multitude
of illustrative examples to better understand the progress of each loop. Weeks four and
five deal respectively with one-dimensional and two-dimensional arrays.

2.2 Data collection method

Data were collected between January 2019 and January 2020. All registered par-
ticipants (n=1052) were asked if they were willing to do interviews. Thirty-nine par-
ticipants accepted our invitation. We have anonymized all interlocutors and removed
any information that would expose their identify. The results of this study were sent to
participants for review, comment and approval.

In order understand the learning process of students during their interactions with
the MOOC, the theoretical framework mobilizing the concept of learning strategy is the
main basis of the interview. This framework allows to identify three categories of learn-
ing strategies as determined by Pintrich [22]: cognitive, metacognitive and resource
management.

The interview makes it possible to identify the learning process by adapting to our
context, interviews carried out in previous studies [6, 23, 24]. The studies of Segantin
Teruggi [23] and Miligan and Littlejohn [24] aimed respectively to identify learning
strategies in open distance learning in foreign languages and MOOCs and the one of
Nijimbere [7] explored how do learners appropriate algorithmic concepts. Thus, these
authors examined learning strategies adopted by students in face-to-face classrooms
and their difficulties which include content difficulties related to algorithmic concepts
and procedures, and technical difficulties related to programming features or tools.
Demographic information regarding the registered students was given in the Table 1
below (gender, age, degree of education, prior programming experience). Thirty-nine
participants, 61.53% of whom were females were given 60 days to do interviews. The
average age was 19 years old. Of the 39 participants, 87.17% have prior programming
experience. The majority of participants had only a baccalaureate degree (74.36%).
The majority of interviewed students came with previous experience especially with
variables and basic instructions (assignment, input and output) (see Table 2).
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Table 1. Demographic information and prior programming experience for the 39 students

Gender Males (38.47%), Females (61.53%)
Age 18-19 (51.28%), 20-22 (25.64%), 23-25 (12.82%), 26-30 (10.26%)
Degree of education Baccalaureate level (74.36%), BAC+3' (12.82%), BAC+4 (5.13%),

Master’s degree (5.13%), PhD degree (2.56%)

Prior programming experience | Yes (87.17%), No (12.83%)

Table 2. Prior experience with programming concepts

Prior Experience with Programming Concepts %?
Variables 87.17 (n=34)
Basic instructions 87.17 (n=34)
Conditions 51.28 (n=20)
Repetitive instructions 51.28 (n=20)
Arrays 25.64 (n=10)

We conducted separate 20 min interviews with participants: face to face interviews
with 20 students in the study room of the Faculty of Sciences and Techniques of Settat
and skype interviews with 19 participants from the Moroccan universities (Hassan I1
University, University of Moulay Slimane, Ibn Zohr University, Cadi Ayyad Univer-
sity, Mohammed V University). Then, we recorded interviews with Audacity software
and transcribed verbatims. The interviews were conducted as semi-structured based on
an interview guide and including four sub-axes including 13 open-ended questions (see
Appendix): knowledge acquired, interactions with videos and interactions with MOOC
activities, and the difficulties faced by participants. The sub axis “knowledge acquired”
of the interview concerns contains questions that identify acquired elements to design
algorithms.

The sub-axis “interactions with MOOC videos” deals with student’s actions during
and after viewing MOOC videos. This sub-axis contains questions that specify how
students interact with the videos, such as remembering video content, returning to the
videos, taking notes, using graphics or screenshots, and so on. The sub-axis “interac-
tions with MOOC activities” includes questions that allow identifying actions during
interaction with activities such as consulting a resource or a quiz. These actions include,
for example, the learner’s behavior regarding the quizzes (feedback provided, repeti-
tion of what students did not understand, the order in which the MOOC sequences are
followed and so on.).

The sub-axis “difficulties encountered by students” deals with difficulties faced by
participants during the task of developing an algorithm. We asked participants, ques-
tions that focused on the difficulties of understanding the concepts of algorithms and
using the platform’s features.

' A three year degree after the baccalaureate (Licence degree)
2This is a multiple-answer question. Participants were asked to select all that. % = n/39
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2.3  Data analysis techniques

We used a thematic content analysis technique. The data obtained from the inter-
views were analysed using qualitative Nvivo software. This software assists in the orga-
nization of the corpus into themes and sub-themes. Indeed, the excerpts of interviews
were collected and read thoroughly to suggest thematic categories. These excerpts were
divided into units of meaning (shorter segments of text that can be associated with a
category). For instance, for this transcript ‘I understand the process of a loop but once
I find myself faced with a for loop inside another for loop, I block even worse if 1
don’t know that I must use a nested loop if the problem requires it’ (Participant 2), was
assigned to the category ‘difficulties related to content whereas this excerpt ‘I have dif-
ficulties in the handling of Codecast which took time to me. I do not know how this tool
works’ (Participant 6) was assigned to “technical difficulties”. Moreover, this transcript
‘I tried to make flowcharts to understand the logic of the algorithm’ (Participant 7),
was assigned to the category “Organization cognitive strategy” whereas this excerpt
‘For a week I watched the videos and MOOC resources’ (Participant 9) was assigned
to “technical strategy”.

The data was first coded and the themes were created by the author. Randomly
selected segments related to themes were given to two researchers. An inter-rater agree-
ment allowed checking that each category was associated with the proper thematic
types. A percentage agreement report was 86%. We note that the categories must be
explicit and mutually exclusive (each unit of meaning must only fall under one cate-
gory) and they must make sense in terms of research in the field.

3 Results

3.1 Learning strategies and acquired content

Cognitive learning strategies. The interviews show that students adopted cogni-
tive learning strategies through the use of elaboration and organization strategies. The
elaboration strategy “make the connection between what is being learned and previ-
ous knowledge” was adopted by students to better retain new knowledge and relate it
to prior knowledge. Students make these connections by comparing new knowledge
to existing schemes (representations). Thus, for example, to assimilate the notion
of algorithms, two students link with algorithms issued from situations of daily life
(Participant 4) or video games (Participant 7).

“uh .... once I read the definition of an algorithm, I gave myself some concrete
examples to assimilate this notion such as the description of the steps to follow to
find a place with Google Map” (Participant 4)

“I automatically thought of the games that allow me to program people so that
they can do things such as climb a staircase, score a goal and so on.” (Participant 7).

The analysis of interviews shows that to begin reading the resources, the stu-
dents asked themselves questions related to the content. These questions are mobi-
lized to make connections with previous knowledge (Participant 4, Participant 14,
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Participant 15) or experienced situations (Participant 9, Participant 10, Participant 11,
Participant 15, Participant 16). The Table 3 below presents examples of excerpts that
describe questions asked by students to understand algorithmic concepts.

Table 3. Example of questions asked by students during the discovery of concepts

Questions Asked so that Prior Questions Asked so that Prior
Knowledge is Activated Experience is Activated

“What does the concept discussed makes me think | “Have I seen a similar situation?”

of?” (Participant 4) (Participant 16)

“What is the usefulness of one instruction “Can I compare the problem being addressed to

compared to another?” (Participant 4) one I've seen before? If yes, what are the steps to
be described? input and output data? And son on”
(Participant 10)

“Do I know the syntax of the algorithms used?” “What links can I make between the problem and

(Participant 14) another problem already seen” (Participant 15)

“What types of data and instructions are used in “Does this knowledge fall under the scope of
the algorithms presented?” (Participant 15) experiences from everyday life or from other
subjects?” (Participant 9)

“What are the input and output data?” “If I take a concrete example, in this case how can I
(Participant 15) execute the algorithm?” (Participant 11)

Students also mobilize organizational strategies to perceive and capture data, to
organize information and build links between it. More specifically, the students used
flow charts in order to understand the sequence of algorithms using conditions and
loops. Thus, for example, these flowcharts are mainly used by students, before embark-
ing on the development of algorithms so as to represent basic instructions, complex
control structures (conditions and loops) and execute algorithms by looking for all the
errors that could occur as illustrated by these excerpts.

“I watched the videos of week one dealing with the basic instructions so as to
see how this MOOC is organized... at the same time [...] to execute in the form
of flowcharts the algorithms because the teacher explain briefly” (Participant 5)

“Yes, I tried to make flowcharts in order to understand the logic of the algo-
rithms studied” (Participant 7)

“I use flowcharts to run the algorithms because imagine an algorithm where
you have to use several conditions and loops at the same time. That is to say a
nesting of several if and/or loops..., uh..., in this case we have to make the task
a little easier by organizing the steps of the algorithm, that is to say, what will
be first in order so as to understand the sequence of actions before proceeding to
write the algorithm and then... the program” (Participant 9)

Technical strategies. The analysis of the interviews shows that students used two
pedagogical resources: “videos” and “quizzes” to carry out tasks. Thus, several respon-
dents stated that they followed the MOOC by watching videos (reading, pausing,
downloading and so on.) or by answering automatic exercises (answering a quiz,
gap-filling text) as illustrated in the following excerpts:
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“I watched the two videos of the week and tried to download the videos first
and save them on my computer so I could play them without worrying about the
internet connection” (Participant 7).

“For a week I watched the videos and tried to understand what is said in the
videos” (Participant 9)

“I watched the entire videos to see what they [treat] as information and then
1 came back to note the algorithms” (Participant 10).

Some students use other MOOC resources by viewing a web page, posting or
answering questions on the discussion forums:

“For me, for the serious games proposed in week one, ... uh, ..., at first I didn t
understand how to solve the problems but after trying to understand and reread-
ing the examples, I understand [provided]” (Participant 2)

“No, I didn t watch the videos ... I used the discussion forums instead of asking
my questions directly” (Participant 14)

Acquired content. The algorithmic acquired content varies from one participant to
another: they range from the notion of a variable to repetitive instructions and basic
instructions used to solve problems. More particularly, content is presented in two
forms: conceptual knowledge and procedural knowledge (Table 4).

Table 4. Algorithmic content learned by students within the MOOC

Category Acquired Knowledge

Conceptual knowledge v Loops
v" Conditions
v’ Link between variable and basic instruction

Procedural knowledge v The procedure to follow to achieve the result

v Create an organization chart (flowchart)

v Develop an algorithm

v’ Break down the problem into sub-problems that are easier to solve
v Understand the problem statement

v' Analysing requirements

v Determine the data required to solve a problem

v Determine the resulting data

The first category of knowledge “conceptual knowledge” includes basic theoret-
ical knowledge in algorithms such as loops and conditions. The second category of
knowledge “procedural knowledge” refers to the procedures to be followed to develop
algorithms. The interviews showed that participants acquired conceptual and proce-
dural knowledge. When asked to report the elements they learned during the MOOC,
participants placed more emphasis on conceptual and procedural knowledge. Regard-
ing conceptual knowledge, eight participants mentioned loops as concepts learned
during the six weeks, seven mentioned the notion of condition. One participant men-
tioned linking the two concepts: basic instructions and variables. In terms of procedural
knowledge, 21 participants highlighted the process to be followed to achieve results,
one of them explicitly specified this procedure which consists of 1) understanding the
problem statement, 2) dividing the problem into sub-problems that are simpler to solve,
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3) associating each sub-problem with a necessary data and resulting data, 4) starting
from a data set to achieve the result. Eight highlighted the creation of an organization
chart and its transformation into an algorithm. Seven specified procedures for develop-
ing algorithms.

3.2 Encountered difficulties

Technical difficulties. The analysis of interviews shows that some participants have
encountered technical problems related more to the use of programming tools than to
the MOOC’s functionalities. Indeed, we note that almost none of the interviewees took
time to visualize the “Getting Started with the MOOC” web page, which describes the
basics of navigation through the MUN platform. Participant 1 justifies this by the fact
that the use of the platform does not require specific technical skills:

“I managed all alone to navigate the MOOC on my own, I find it easy to move
from one activity to another” (Participant 1).

Regarding the difficulties related to the code development tools, we note that some
participants expressed their difficulties in using the tools integrated into the platform.
Thus, participants expressed their views on the difficulty of using and understanding
the serious game “Blockly games” and the code editor “Codecast”. We give here some
examples from their statements:

“For me, for this tool: serious games offered in week 1, at first I didn t under-
stand how this serious game works” (Participant 2)

“I had difficulties in using the Codecast tool which took me a long time”
(Participant 2).

“I have difficulties in the handling of Codecast who took time to me. I do not
know how this tool work” (Participant 6).

Content difficulties. The analysis of interviews makes it possible to deepen and
enrich the results obtained previously. The interviews allowed us to characterize the
difficulties related to algorithmic content. Thus, we identified difficulties related to vari-
ables, assignments, complex treatments and problem-solving skills. We note that some
participants have considered while loops to be easy to learn. Difficulties related to the
nesting of these loops remain quite common for participants as illustrated by these
statements:

“I understand the process of a loop but once I am faced with nested loops,
1 block even worse if I don 't know that I have to use interlocking loops if the prob-
lem requires it” (Participant 2).

In this sense, two participants expressed difficulties related to the complex treatment
(several instructions):

‘I found difficulties in developing complex algorithms that use compose com-
plex treatments’ (Participant 18).
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‘I can solve the simple problems such as sum, difference, product, etc. but once
1 find myself with complex structures and complex treatments, I get stuck in the
resolution process’ (Participant 4).

More specifically, among these loops, the “While” loop appears to be the most dif-
ficult for interviewees to understand than the “For” loop. However, “Repeat...Until”
is considered the easiest to understand and the most affordable instruction to develop
algorithms.

‘especially the While loop as long as it was a problem for me in the course than
For and repeat until loops’ (Participant 2).

Another particular difficulty highlighted by participant 11 is the notion of a variable
and its assignment, which seems to create confusion, among participants, with mathe-
matical knowledge:

‘At first, I confuse the equality relationship with the assignment instruction. So,
1 tried to make it simple by taking examples of algorithms and converting them
into Pascal programs to see the evolution of the values’ (Participant 11).

In terms of acquired resolution approaches, some participants try to solve problems
without fully understanding them. Sometimes this happens because participants have
difficulties with interpreting problem statements, data and actions. As a result, they do
not correctly interpret the statement when describing the given problem as illustrated
by participant 1:

‘Among the difficulties I have encountered in this MOOC is the problem of
automatic payment application in fact I did not understand the cases presented to
pay the sum of money, there are many cases and I do not know how to formulate
them in the algorithm’ (Participant 1).

Moreover, the ability of decomposing problems and passing from problem analysis
to an algorithmic solution seem to be more difficult for many participants. We give here
some examples from their statements:

‘There is a lot of logic and instructions for example the example of the numeri-
cal sequence where there is the factorial and the sum of the numbers, I don t know
how I will use what I all know about these two problems of factorial and sum of
the numbers already seen to write the algorithm. I do not know where to begin
and how I can do it’ (Participant 15).

‘I found difficulties in formulating algorithms because even if I know how to
analyze a problem in terms of input and output data. I can't combine all this to
formulate an algorithm’ (Participant 17).

‘I had difficulties in the problem of robot in the algorithms of sublime, per-
fect and dilated numbers, there is more calculation I didnt know could 1
mobilize the loops, in fact I know I have to use it but how that is my problem’
(Participant 20).
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Participant 19 expressed a lack of knowledge transfer justifying this lack by a poor
link between the problems already worked on and the new problem:

‘In fact, in other subjects such as physics and life and earth sciences, we can
understand the concepts by always using analogies, for example, to understand
the electric circuit we use the water circuit, but for the algorithmic, it is something
else’ (Participant 19).

The majority of participants appreciated the MOOC, which enable participants to
manipulate the notions of algorithms; however, a minority of participants (2/20) remain
less interested in algorithms:

‘I don't like algorithms because its different from mathematics, in mathemat-
ics we solve equations, there are calculations but in algorithms, I don't see any
calculation’ (Participant 6).

‘Algorithmic is difficult, how would [ say well, I can 't think about how to run
programs I don t have the imagination to think about that’ (Participant 12).

4 Discussion

In the following, the results corresponding to each research question are briefly
discussed.

4.1 What are the learning strategies adopted by MOOC participants?

To our knowledge, no study has explicitly identified learning strategies adopted by
students in an algorithmic and/or programming MOOC. The results of our study reveal
that students used cognitive strategies of elaboration (asking questions, linking con-
tent to prior knowledge) and organization (using flowchart) to appropriate algorithmic
content.

If the characterization of the appropriation of the content is not one of the main
objectives of previous researches, it is nevertheless implicitly mentioned in several
studies [25, 26, 27, 28]. Thus, in a study focusing on the examination of interactions
between participants in a cMOOC of Javascript programming, Andersen and Ponti [25]
stated, implicitly, that, through the analysis of 160 discussion posts from the MOOC,
participants used two cognitive strategies: “problem identification” which is visualized
as being mainly centered on the identification of needs by a user: students discuss their
problems and tasks in the MOOC and “co-creation of tasks” which consists of a col-
laboration between MOOC organizers and users who expand their proximal areas of
development (by interacting with more experienced users).

Unlike the study of Cohen and Magen-Nagar [26] which reports that MOOC partic-
ipants weakly used cognitive learning strategies, our study shows that students adopted
more cognitive strategies such as “make a connection between what is being learned
and previous knowledge” and the organization strategy “using flowcharts” to appropri-
ate algorithmic content (essentially loops and conditions). This result can be explained
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by the fact that students are aware of the strategies which are adapted to learn the
abstract concepts of algorithmics and that a simple repetition or a learning by heart of
the concepts do not allow to assimilate the foundations of this subject [29].

The technical strategies adopted by students consist of using pedagogical resources.
In particular, students used videos to build essentially the two concepts: loops and con-
ditions. The students mobilized learning strategies during and after viewing videos
such as taking notes, taking screenshots, working with sample algorithms and returning
to the videos. These results are in line with Chen and Chen [30] who stated that partici-
pants in a Coursera MOOC mentioned using technical learning strategies. Indeed, these
participants reported downloading and reading video captions before viewing the vid-
eos in order to understand the course content. Other participants stated that they moved
from one quiz to another and watch the videos to quickly solve quizzes.

Despite the fact that the platform of our MOOC “Algorithmic: Basic Concepts
and Applications” does not incorporate a note-taking feature, it is found that students
reported taking notes during or after watching the videos. This result corresponds to
the findings of Milligan and Littlejohn [24] who reported that learning in MOOC:s is
no longer simply confined to viewing videos, but it involves taking notes and doing
quizzes. Seen as a way to strengthen their understanding of video content, these authors
point out that students have used note-taking by deploying strategies. These results are
explained by students’ perceived usefulness of the note-taking strategy for understand-
ing video content.

4.2  What are the content learned by participants within the MOOC?

The designed MOOC aimed to help participants develop, step-by-step, design of
algorithms. First, with this objective, participants have acquired conceptual and proce-
dural knowledge. This result corresponds with those of other learning contexts (other
than MOOC:s). For instance, in face-to-face learning, the study of Nijimbere [6] shows
that participants learned the concepts of loops and variables (the fundamentals in learn-
ing algorithms). Nevertheless, we can think that even if the participants mention, in our
research, acquiring the two concepts: loops and conditions, they implicitly acquired
other concepts related to conditions and loops such as variables and basic instructions
(assignment, reading and writing). Indeed, as Nijimbere points out, the concepts of
algorithms are interrelated even if some are more important than others. Thus, for
example, we cannot learn the concepts of loops without apprehending variables and
basic instructions (assignment, input and output).

Second, the results show that participants have acquired two types of procedural
knowledge: analysing problems such as determine the input and output elements and
running algorithms. Moreover, we pointed out that although problem-solving skill is
considered as essential for developing algorithms and programs [2, 5], participants
have weakly acquired this procedural knowledge. As Medeiros et al. [3] highlighted,
the problem-solving skill (understanding the context of a problem, identifying key data
and developing a plan to solve it) is one of the most frequently cited skills in the 100
research that they analysed. A lack of mastery of these techniques makes it difficult to
understand the programming.
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4.3  What are the difficulties experienced by MOOC participants?

As described in the introduction, all the studies we have presented could shed light
on the fact that participants experienced conceptual and procedural difficulties related
to the content of algorithms. However, they do not allow a full understanding of the
different difficulties of learning within the MOOC. The interviews revealed that partic-
ipants also encountered difficulties related to code development tools. These difficulties
mainly concern the use of blocky games (serious games) and the Codecast tool inte-
grated into the MOOC platform. In this sense, Liyanagunawardena et al. [31] noted that
most participants of the MOOC “Begin programming: build your first mobile game”
which focused on programming mobile applications (Android), had technical difficul-
ties related not only to run the game because of system requirements but also to Internet
connectivity and download problems. Watson et al. [32] reported that MOOC partici-
pants faced technical challenges related to platform functionality: participants felt that
the number of allowed attempts (in the quizzes) was too restrictive (2 attempts). This
led the pedagogical team to redesign the MOOC quizzes to allow more attempts.

Regarding content, the results of the interviews showed that participants expressed
difficulties with some elements of algorithms: variables and nested loops. This result
can be explained by the fact that it is difficult to make analogies: these elements are
abstract concepts and thus cognitively complex to understand without a similar phe-
nomenon in daily life for comparison [33]. This result corresponds with outcomes of
other learning contexts (other than MOOC:s). For instance, the results of the study of
Mhashi and Alakeel [34] which investigated and analysed the problems faced by com-
puter programming participants at the University of Tabuk, revealed that loop struc-
tures, recursion, pointers are the three major difficult concepts reported by participants.
Likewise, Derus and Ali [35] pointed out that variables, multidimensional arrays, loops
and functions are notions that learners find difficult to understand. More particularly,
participants considered the “While” loop more difficult to understand than the “For”
loop. This result can be explained by the structure of the “For” loop where the number
of iterations is known in advance as opposed to the “While” loop [6]. However, the
biggest problem of novice programmers does not seem to be the understanding of basic
concepts but problem-solving skills. The interviews revealed that decomposing prob-
lems and transition from the analysis phase to the algorithmic development phase were
considered difficult by most participants. This reflects the findings of other previous
studies [3, 33, 36]. Indeed, Jenkins [36] pointed out that the most difficult part of pro-
gramming is translating the specification into the algorithm. According to this author,
by mastering this process, the other processes (such as the translation of the algorithm
into any programming language) are essentially mechanical. Piteira and Costa [37]
and Lahtinen et al. [33] emphasized that the most difficult issue in programming is
understanding how to design a program to solve problems. From a teacher perspec-
tive, Adu-ManuSarpong et al. [38] reported that this lack of skills (by participants) in
solving problems is due to the techniques adopted by programming lecturers. Medeiros
et al. [3], in their literature review on teaching and learning introductory program-
ming in higher education, proposed a categorization of introductory programming chal-
lenges. These authors pointed out that problem solving, motivation and engagement,
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and difficulties in learning the syntax of programming languages are the most learning
challenges faced by novice programming participants.

A minority of previous research about MOOC:s also addressed difficulties in learn-
ing programming. Indeed, in addition to these elements, which were reported by the
majority of participants as difficult, other concepts and procedures were highlighted in
the study conducted by Andersen and Ponti [25]. These two authors identified the three
concepts of function, scope and closure as well as the execution procedure that pose
problems for MOOC participants. By co-creating content, these participants suggest a
course based on several practical examples of JavaScript programs that mobilize these
elements.

4.4  Conclusion and implications for future work

This study seeks to examine the learning strategies adopted by students and their
experienced difficulties within the Algorithm and Programming MOOC. The first
research question sought to identify the learning strategies used by MOOC participants.
The results show that the majority of interactions between students and the MOOC
focused more on algorithmic content. More specifically, the learning strategies adopted
by students are declined in terms of elaboration strategies by linking the content with
the knowledge already acquired and organization strategies by using flowcharts but also
in terms of technical strategies such as the mobilization of MOOC videos. However,
students rarely mentioned using planning, concentration and time management strat-
egies. Indeed, the lack of effective use of these strategies can result in a disorganized
course. Thus, in addition to the content to be taught, teaching to MOOC participants,
the planning strategies would be of great use to registrants for a better organization of
participation in the MOOC. Also, the integration of tools in the MOOC such as elec-
tronic agenda, daily or weekly schedules and checklists are useful to help participants
to be motivated and well organized in the MOOC.

The second research question examined the learned content in terms of conceptual
and procedural knowledge that participants acquired to design algorithms. The findings
reveal that participants acquired two types of knowledge: “conceptual knowledge”:
conditions and loops and “procedural knowledge”: analysing problems and running
algorithms.

The third research question examined the difficulties experienced by participants
during the learning process in the MOOC. The designed MOOC allowed participants,
as shown in the results, to acquire basic programming concepts: “conditions and loops”.
However, decomposing problems into sub-problems and complex treatments remain
quite difficult to master for most participants. Thus, it would be necessary to proceed to
remediation that explicitly describes, step by step, executions of algorithms that mobi-
lize treatments composed of several conditions and loops. These executions should also
present how to solve problems while helping participants to develop procedural strat-
egies [29]. Interactive exercises might also be useful by providing direct assistance in
the MOOC and by monitoring participant progress so that MOOC designers or teachers
can provide supports for low-performing participants.
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The article presented here reveals several issues related to learning in a MOOC of
algorithmic and programming and offers a possible path for future research. However,
it has several limitations. Indeed, only one MOOC was studied. Without repeating the
study with other content, it would not be possible to generalize the obtained results. As
a future work, we propose other explorations on other subjects such as mechanics, data-
bases, management, analysis, algebra which pose, in particular, problems for students.

This synthesis reveals several implications for future research. Indeed, helping par-
ticipants to develop problem-solving strategies, such as decomposing problems into
sub-problems. More specifically, decomposing complex tasks into a succession of sim-
ple tasks, moving gradually from an abstract description of the solution to an algorithm
solving the problem [2] may be an avenue to explore for future research on learning
programming. The obtained results can provide not only the pedagogical designers of
MOOCs with elements on which they can base algorithmic content design, but also
research avenues to be explored by researchers. Several possible questions emerge,
related to this research orientation: What factors influence the adoption of a learning
strategy? What is the link between the learning strategies used by students and aca-
demic success? What are the causes of the difficulties experienced by participants
within the MOOC? What is the link between the background in programming and these
difficulties?
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6 Appendix

Constructed knowledge
1) What do you think algorithms are used for?
2) What is the most important thing you learned about algorithms in the MOOC
3) What notions do you think are important to develop an algorithm?
Relaunch: What are the notions or concepts that are essential for developing an
algorithm?
Relaunch: What is a variable for you? What is his position concerning the structure
of an algorithm? The same for:
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basic instructions;
conditions;

loops;

arrays.

Interactions with MOOC videos
1) How did you interact with the videos?
2) Did you watch the entire videos once and then pick up on some pieces?
e Did you take breaks right away?
e Did you watch the whole video as the last thing? Why? (for all of the above)

3) After viewing a video or resource, did you record in any way what you watched
and/or listened to (graphs, charts, screenshots)? And after completing an entire
sequence, did you return to the video? Or to other activities?

e Did you return to the concepts of algorithms?
e Did you take notes on what you did, learned, failed? How did you do it?

Interactions with MOOC activities
1) Regarding the activities proposed in each sequence of the MOOC, did you?
Paid attention to the feedback provided in the quizzes?
Repeated what you did not understand well?
Repeated certain activities (e.g. the most difficult one for you)?
Regarding the sequence proposed in the MOOC, did you do all the activities pro-
posed in the MOOC?
2) Did you follow each sequence in the proposed order in the MOOC?/do the activities
take place in a different order than the one proposed?
3) Did you go back to the video/did you ever go back to the video by taking quizzes?

Encountered difficulties

1) Did you encounter any difficulties with the content of the MOOC? Are there some
points where you feel you need help from other people (teacher, other learners, etc.)?

2) You learned how to build an algorithm. What difficulties did you encounter in this
task?
Relaunch:

3) Which of the algorithmic concepts you learned did you pose problems? At what
level was the difficulty for each concept?

4) Which features (or tools) of the MOOC you used seemed to pose more problems in
this task?

7 Author

Abdelghani Babori, Hassan First University, Settat, Morocco; University of Lille,
Lille, France. E-mail: abdelghani.babori@gmail.com

Article submitted 2022-05-02. Resubmitted 2022-07-27. Final acceptance 2022-07-27. Final version
published as submitted by the authors.

1JET — Vol. 17, No. 19, 2022 277


mailto:abdelghani.babori@gmail.com

