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Abstract
In this article, we present an educational reform we implemented a few years ago 
to respond to a marked drop in the success of students entering higher education 
in computer science. The main objective of our reform is to adapt the teaching 
methods of Generation X-Y to Generation Y-Z or more. To do this, we propose two 
approaches. First, to make learning more active, stimulating and empowering. Sec-
ond, to make learning more individualized in a context of a large group of students 
with an optimization of the teacher’s time. We first present an analysis of the prob-
able reasons for the lower level of students and the specific issues encountered by 
both students and teachers. Then, we detail how we implemented these solutions in 
the form of an original e-learning platform based on two back-end tools able to man-
age large number of students: an efficient real-time auto-corrector of source codes 
and a very robust anti-plagiarism software based on computer distance information 
theory. Finally, we present the results obtained after an experimentation of 8 years. 
These results are put into perspective by an analysis of 15 years of qualitative and 
quantitative indicators carried out on hundreds of students each year. The analysis 
shows that the technical skills and the involvement of students are improved even 
in groups of several hundreds of students. Computer science teachers wishing to 
quickly and concretely develop the involvement of their students can rely on these 
tried and tested key levers and solutions presented.
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1  Introduction

In the first decades of the 2000s, we observed a significant drop in the success of our 
French engineering school students in computer science on the first year course of 
algorithms design and programming. By success, we mean the ability of students to 
know how to apply their practical, theoretical and technical knowledge to new prob-
lems as well as the pleasure of working on the discipline. The quality indices we 
used to estimate this have deteriorated in a few years (see Fig. 1). The average and 
median of student grades over the first 7 years of the study show an average overall 
decrease of 22%. The pourcentage of students reaching the educational objectives 
has been divided by 2 over the period. And the average amount of weekly personal 
work reported by students, and therefore their personal engagement, also declined.

However, during this period, there was no significant modification at the insti-
tution level (same sequencing of courses, same team of teachers, same process 
of validation of prior learning, etc.), nor at the course unit (same hourly volume, 
unchanged theory / practice balance, etc.) which could explain this situation.

These problems of lack of success and involvement were not specific to our stu-
dents but were also observed in other universities in France and abroad. At that time, 
digital natives (Sadiku et al., 2017) were entering higher education. They mark the 
transition from Generation Y to Z (McCrindle, 2009). However, the learning meth-
ods and tools used were inherited from those created for Generation X with a small 

Fig. 1   Declining indicators of success over the first 7 years of the study. Top left: average and median of 
student grades. Top right: evolution of the pourcentage of students reaching the objectives. Below: aver-
age amount of weekly personal work reported by students over the 4 oldest years (left) and the 3 follow-
ing years (right)
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evolution to work with Generation Y. Taking into account the specifics of this Z 
generation in a educational strategy was the starting point of this study.

So we have therefore favored a global and generational approach to a purely local 
approach specific to our establishment. The objective was for our students to regain 
the expected technical level while enjoying learning and feeling more involved and 
therefore more responsible.

The results of this study can be used by computer teachers wishing to quickly and 
concretely develop the involvement of their students. They can rely on the key levers 
and the solutions presented which have been successfully tested over a period of 
time of several years.

In Section 2, we review the observed issues, from the point of view of both stu-
dents from this generation and teachers. We present in Sections 3 and 4 the solutions 
we have created and deployed to solve these problems. In Section 5, we present and 
analyze the results obtained on thousands of students over 8 years of experience and 
conclude this article in Section 6.

2 � Observations on the state of things

Digital natives do not present the same difficulties or facilities as their predeces-
sors because they do not have the same prerequisites  (Oblinger,  2003; Jones & 
Shao, 2011; Gu et al., 2013; Smith et al., 2020). With the democratization of digital 
technology in their daily lives (Tapscott, 1997; Howe & Strauss, 2000; Dede, 2005), 
they have been facing an over-demand of their attention from a very young age. 
They therefore have more difficulty staying focused and trusting to invest time (Duse 
& Duse, 2016; Nicholas, 2020).

They have developed a capacity to quickly switch from one task to another to the 
detriment of in-depth processing of each task (McCrindle, 2009; Rosegard and Wil-
son, 2013; Bradbury, 2016). This could explain their difficulties with the teaching 
methods designed for the previous generation (Eastwood et al., 2012).

From these observations, we have established a questionnaire in order to be able 
to make a more detailed diagnosis of the problem encountered by our students and 
to highlight specific blocking points. These qualitative indicators complement the 
quantitative indicators presented in the previous section (grade, achievement of edu-
cational objectives, personal working time).

So that the proposed solution does not remain only at the level of the students, we 
decided to include in this study the problems encountered by the teachers to better 
respond to the operational constraints.

The methodology used to carry out this study is as follows. The indicators were 
calculated over 7 years before the implementation of the reform and 7 years after 
its implementation. This made it possible to monitor the evolution of the situation 
and objectively measure the impact of the reform by comparing the before and the 
after. The anonymous questionnaires were carried out through systematic annual 
campaigns as part of a quality approach. The proposed questions are either in the 
form of multiple choices or in the form of an open field. A questionnaire contains 
about 150 questions. In addition to these targeted questions, a questionnaire include 
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fields for free expression on each subject covered. Response trends were compared 
over the years for each subject. The size of the population surveyed is approximately 
100 to 200 students per year, of which more than 80% respond to the survey. These 
systematic surveys were supplemented by oral interviews.

In the continuation of this section, we review the issues we have identified, from 
the perspective of both students (Section 2.1) and teachers (Section 2.2).

2.1 � Observations on the issues for students

Table 1 shows some of the questions posed to students in the questionnaires. Trends 
are deduced from the percentages obtained in multiple-choice questions and are 
refined using open-ended questions and free expression fields. In the first analysis, 
we find on our scale the characteristics specific to Generation Z.

For example, in relation to the over-demanding of their attention, student 
responses to our surveys show that if there is no quick feedback on their work (ide-
ally an interactive feedback), students quickly lose interest and are caught up in other 
things. However, they point out that this frequent individual feedback is difficult to 
obtain from the teacher in a collective teaching context.

Students declared that they need to be convinced that what they are currently 
doing makes sense and has a real and immediate benefit. These collected elements 
are consistent with our observations in the classroom. Consequently, we observe 
through the evolution of the student results during the year and their investment 
in class that this amplifies their discouragement during long processes of acquir-
ing skills or bringing complex projects to fruition. This is quite paradoxical because 
at the same time they declare in our surveys and during our interviews that they 
are particularly attracted by difficult subjects. This attraction to challenge is a 

Table 1   Excerpts to show examples of the questions asked in the survey
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particularity of this generation  (Gibson et  al.,  2009). However, they seem rather 
powerless to autonomously set up a strategy to give themselves the means of their 
ambition.

Although our teaching is aimed at higher education students, the answers of the 
students to the surveys and the analysis of the corrections of the returned exercises 
show a certain naivety when it comes to the acquisition of skills. Thus, a growing 
number of students do not finish their work at the end of the supervised session if 
they are not coerced. They are satisfied with the collective correction, considering 
it sufficient. This lack of mastery then leads to an accumulation of gaps and then to 
a dropout when it becomes too great to be filled by an approximate understanding.

Moreover, through the exercises that they return to us for correction, we observed 
that students tend to stay on the surface when solving problems. They also tolerate 
a certain approximation in the results. In programming, for example, we observe 
in lab class that they stop working as soon as their results seem consistent with the 
requirements. They do not think of borderline cases and exceptions that can fail their 
program. Typically, they spontaneously spend little time thinking before coding and 
do not visualize what they should get before running their program. They also take 
little time to analyze the result obtained or to think about the tests to put in place to 
qualify their work. Student responses to our surveys and during interviews corrobo-
rate these observations.

Besides, we were able to observe by comparing the results when the practical 
course followed the theoretical course and when they were distant in time, that the 
students have more difficulties in appropriating theoretical concepts if these are not 
fixed quickly by practice and put into perspective in a global strategy of learning. 
Student responses to our surveys show that poor management of the time ellapsed 
between theory and practice leads them to feel that they have wasted their time in 
class and makes these theoretical sessions less effective pedagogically.

Finally, our students report that the final exam used to assess the acquisition of 
skills is often seen as a sanction. The stakes are very high (it can affect the valida-
tion of the whole semester or year) and generates a lot of stress, including for the 
best students. Only a part of the educational program is actually assessed consider-
ing the length of the exam and students should be at their best at that time. This 
leads to a feeling of mistrust in the face of the assessment.

In addition, the format of the computer assessment is, for logistical reasons, often 
done on paper while the learning is done on a machine. All this pushes students to 
defines strategies, such as cramming or rote learning, to optimize the grade obtained 
on the assessment to the detriment of acquiring and mastering real skills. It ques-
tions the meaning of the final exam as an objective assessment of the skills acquired.

2.2 � Observations on the issues for teachers

It is important to involve teachers in the process of creating educational reform. The 
objective is to include real operational constraints in the reform so that teachers can 
improve the service provided to students at constant working hours.
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The main problem brought up by the teachers to set up regular evaluations is a 
question of time cost, whether in terms of balance (time spent on evaluation versus 
total teaching time) or on the time spent on correction (which is directly related to 
the size of the group of students). In our case, the characteristic sizes vary between 
fifty and several hundred students.

This problem often leads to reducing the number of evaluations during the activity 
which mechanically increases the stakes of these few assessments. These stakes make 
it difficult for the teacher to write the subjects. It is indeed necessary to find a subtle 
balance between the exhaustiveness, the complexity, the novelty and the duration of the 
evaluation. Fewer evaluations also imply testing many concepts at the same time making 
it more difficult to appreciate sources of misunderstandings.

In addition, feedback to students takes a long time (time required for correction). 
This lag of feedback can be problematic to catch up students who are in learning 
debt. The more time passes, the worse the situation gets. It can also make the correc-
tion totally ineffective because the student is no longer in the right cognitive context 
when receiving the feedback.

Also because of the cost of time, it is very complicated to organize a re-assess-
ment once a student has re-worked the concepts. Evaluation therefore loses its value 
as a learning tool.

The corrections of ungraded exercises in class partially solve the previous prob-
lems and are, therefore, interesting complementary tools to exams. However, as the 
correction is done in a synchronized way for the whole class, this tool does not adapt 
to the diversity of individual rhythms. Students who have already finished have to 
wait when they want to move on. And the others must stop to listen to the correc-
tion which deprives them of the expected thinking on the subject. Furthermore, it 
is impossible with these global corrections to verify that all the students have dealt 
with all the scenarios of the exercise.

Finally, in computer science, correcting codes manually is tedious and it is com-
plicated to systematically check all cases or to detect plagiarism because of the vol-
ume of data to be processed.

2.3 � Analysis of observations and solutions

In this part, we present the analysis of the previous observations to define the needs 
that our solution must meet.

In the data collected from our students, it appears that they have difficulty main-
taining their attention on the course, tend to become demotivated and present 
a rather detached and passive attitude. Our main problem therefore seems to be a 
problem of engagement toward traditionnal teaching methods.

Student engagement is a long-recognized key to having a successful learning pro-
cess (Astin, 1984; Hancock & Betts, 2002; McMahon & Portelli, 2004; Krause & 
Coates, 2008). Engagement is often described through three components: behavioral 
engagement, affective engagement and cognitive engagement (Fredricks et al., 2004; 
Appleton et al., 2008). Some authors like  (Handelsman et al., 2005) decline these 
components in a slightly different but quite similar way: interaction engagement, 
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emotional engagement, skills engagement and performance engagement. In a more 
descriptive way, (Schlechty, 1994) says that engagement means that the students are 
attracted to their work, that they persist in it despite difficulties, and that they take 
pleasure in accomplishing it.

There is three main approaches to stimulate student engagement. The first one 
is active learning methods  (Bonwell & Eison 1991; Azzalis et al., 2009; Welt-
man and Whiteside, 2010). In this vast category, we find, for example, problem-
based approaches that make it possible to put things into practice and to give 
meaning  (Delisle,  1997; Lattimer & Riordan,  2011). The second one relies on 
web platforms to offer richer interactions. These methodes play on many char-
acteristics to stimulate and capture attention  (Lytle et al., 2006; Liu, 2007; El-
Sheikh,  2009; Dixon,  2010; Mavromoustakos & Kamal,  2018). The third one 
uses simulation games or serious games in order to offer a more lively expe-
rience to facilitate involvement and therefore learning  (Ruohomäki,  1995; Cai 
et  al.,  1997; de Freitas,  2006; Breuer & Bente,  2010; Council,  2011). With-
out going into educational formats in the form of games, it is possible to use 
game levers in learning. This is called gamification and it stands as a good 
tool to generate engagement, in particular by stimulating and capturing atten-
tion (Gee, 2003; Fitz-Walter et al., 2011; Lee & Hammer, 2011; Raymer, 2011).

Due to the length of our course (two semesters), problem-based or serious/
simulation games approaches are not quite appropriate even if they can be used 
for sub-parts. We therefore turned to web-based solutions that also integrate 
gamification levers.

The second issue that emerges from the data collected in the previous section 
concerns the need for individualized learning in a large group context. Studies 
like Garrison & Cleveland-Innes (2005) have shown the impact of self-paced learn-
ing on the quality of learning and teaching methodologies. Our web platform must 
therefore be able to implement robust tools allowing a large number of students to 
progress at their own pace while benefiting from rapid individualized feedback on 
their work for a constant working time by the teacher.

These constraints on fast and individualized interactive feedback in a context of 
large groups resemble those found in algorithmic competitions such as ACM-ICPC 
(2018). These events rely on automatic correctors.

Some of these automatic correctors, like Mooshak  (Leal & Silva,  2002), had 
already been tested in pedagogy with encouraging results (Leal & Moreira, 2000; 
Georgouli & Guerreiro, 2010) still valid a few years later (Fernandez Aleman, 2011; 
Rubio-Sanchez et  al.,  2012; Rodrigues et  al.,  2014; Rubio-Sánchez et  al.,  2014). 
They were good at processing a massive number of codes on the fly, but generally 
they did not make it possible to modulate the response of the corrector according to 
the level of the student. Nor to deal with code snippets rather than entire programs to 
allow tailor-made teaching on a case-by-case basis. Moreover, their human-machine 
interface were unsuitable for stimulation and visualization of educational progress. 
The reader interested in the characteristics of the correctors available at the time and 
created since, can refer to the studies of Ihantola et al. (2010) or Wasik et al. (2018).

In a pedagogical context where it is necessary to be able to grade the students, it 
is particularly important to detect the attempts of fraud to guarantee a fair treatment 



5428	 Education and Information Technologies (2023) 28:5421–5451

1 3

of the students. In a context of a huge number of programs submitted to an auto-
matic corrector, this plagiarism detection must also be automated. The tools avail-
able at the time (Chowdhury & Bhattacharyya, 2016; Deokate & Hanchate, 2016) 
were either not suited to the comparison of source codes, or not open-source, or not 
popular enough to be known outside their borders.

To summarize all the needs expressed in this analysis section, the proposed solu-
tion muscant take the form of a learning platform. This platform can be web-based 
and uses gamification levers to stimulate student engagement. And it should include 
both automatic code corrector and plagiarism detector to enable fair individualized 
learning in the context of a large group of students.

At the same time, Khan (2013) made the same observation and started with a 
solution that could today be called a MOOC (Massive Online Open Course): the 
KhanAcademy (2008). Originally focused on mathematics and physics, the ambition 
of this learning platform is to be accessible to all students on the planet with internet 
access. This solution was closest to our needs, but it was neither free nor adapted 
to our face-to-face educational needs. Indeed, our needs were closer to what is now 
called a SPOC (Small Private Online Course) because our course was not purely 
online.

3 � Description of the e‑learning platform developed

We have therefore developed an internal e-learning platform (see Fig. 2). The front-
end learning interface collects students codes and shows the learning progress. The 
back-end part is composed of an automatic corrector and an automatic plagiarism 
detector, both of which are fully optimized for real-time and on-the-fly source code 
analysis. In this experimentation, the codes submitted by the students was in C/

Fig. 2   A learning platform must allow effective global and detailed monitoring for both the student and 
the teacher. Associated with real-time feedback on the student’s submissions, the visualization of pro-
gress should be stimulating to encourage the student to work regularly until the acquisition of all the 
required skills
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C++, but the platform could be adapted to learning other programming languages, 
as this will only impact the analysis scripts of the back-end part. This platform has 
enabled us to implement the two main levers of our reform: the monitoring of learn-
ing progress and the individualization of learning, both in a collective context (hun-
dreds of students). We detail these levers in the next Sections 3.1 and 3.2 sections. 
As for the tools, they are detailed in Section 4.

3.1 � Monitoring of learning progress

Self-monitoring learning progress gives students a clear view of their situation and 
the paths to follow to complement their skills and knowledge in the course they are 
taking. The global overview for teacherss allow them to identify at a glance the stu-
dents in difficulty, those who drop out, but also those who advance more quickly 
than the others. It also helps to see if the group dynamic is good and if the workload 
is well dimensioned. For example, a general delay in the whole group should ques-
tion the teachers. In addition to the synthetic visualization proposed on the interface 
(see Section 4.1), we mainly worked on three axes within this context: sequencing, 
pace and evaluation of learning.

Regarding sequencing, we created learning sequences composed of the succes-
sion of a theoretical course (1h30), a very supervised practical session (1h30) and 
a longer and more autonomous session (3h). In practice, we have obtained the best 
results by completed one learning sequence in a single day per week. This allows 
students to immediately put into practice what they have seen in theory and thus 
more easily establish their knowledge. All teaching has been redesigned around 
these learning sequences and we have reworked the distribution of key concepts by 
favoring the rule: one learning sequence, one key concept. Thanks to the e-learning 
platform, students have a clear visibility over all the learning sequences that will be 
covered in the course.

Along with sequencing, controlling the pace of learning is also important. Thus, 
chapters and exercises are added as the lessons progress and not all at once at the 
start. This allows students to focus on the present and push them to dig deeper. In a 
normal situation, students aim to complete all the exercises of the learning sequence 
before the next one. At the end of this period, we choose to close the normal reposi-
tory and open a new one to allow students to finalize their work while realizing that 
they are behind the schedule. This approach empowers the students and allows the 
teachers to detect very early cases at risk of dropping out.

The last important point for a relevant and effective monitoring concerns the eval-
uation. Basically, the assessment should estimate the level of skill acquisition at a 
given point. Thus, the really important information is whether a skill is not acquired, 
in the process of being acquired, acquired or mastered.

Thanks to the time freed by the tools detailed in Section  4, we have chosen 
to set up theoretical and practical evaluations and re-evaluations systematically 
for each learning sequence. This high frequency, in addition to producing reg-
ular feedback, makes it possible to de-dramatize the assessment. Besides, the 
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possibility of validating skills later than the normal rhythm makes it easy to man-
age complicated situations (accident, illness, professional work to help finance 
studies, etc.).

To help students exploit the feedback from these assessments and prevent 
“aim-for-the-average” bias, we have revised the scoring system in the form of a 
profile. We divide each macroscopic skill into notions belonging to three catego-
ries: fundamental, general and advanced. These categories are clearly identified 
in the assessments to make them transparent and useful to students. Macroscopic 
validation of skills is acquired when a minimum profile is reached in each cat-
egory (percentages of concepts assimilated).

The low-level concepts of the fundamental category are considered essential 
and must be fully understood by students: failing in this category means failing 
the assessment. Exercises in the general category require a first level of mastery 
and reflection. And concepts of the advanced category require a reformulation of 
the knowledge.

In addition, we have abandoned the French numerical rating system used until 
now, which had too much granularity (0 to 20) and which masked the impor-
tance of the skills behind them. We turned to the Angloxason alphabetic grade 
systems  (Kumar & Sharma,  2014) which had just been introduced in France 
with the European Credit Transfer and accumulate System (ECTS) (Commission 
et al., 2009). But ECTS is based on a relative grading scale: the final numerical 
marks are translated into alphabetical marks by a Gaussian interpolation (A for 
top 10% of admitted students, etc.). However, in our learning framework, reach-
ing the pedagogical objectives is more important than the relative rank of the 
student in the group. We therefore decided to use an absolute system, based on 
the profiles obtained in the different categories mentioned above (basic, general 
and advanced). We use a scale of 6 grades (A-F), but rather than letters, we have 
chosen to use appreciations covering the same semantic field for the teacher and 
the student: Advanced, Better, Correct, Disappointing, Execrable, Failed. We also 
provide students with a concrete analogy so that they understand the relationship 
between skills and grading. This original grading scale is shown in Fig.  3. The 

Fig. 3   Our new graduation scale that replaces numerical notes (0 to 20) by six appreciations that covers 
the same semantic field for teachers and students. A concrete analogy with the construction of furniture 
is given to the students to make it easier to understand why they cannot be satisfied with an “average 
mark”. To give an idea, being in category Correct (C) corresponds to have a grade between 60% and 80% 
of the maximum grade on our previous rating scale
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importance of verbalizing what a rating represents rather than just a numerical rat-
ing was also highlighted by Pangaro and McGaghie (2005); Hanson et al. (2013).

3.2 � Individualization of learning

The e-learning platform developed offers the possibility of individualized learning. 
That is to say adapted to the pace of the students, accompanying them at their level, 
and encouraging them to retrain or to test other solutions.

Indeed, dematerialization and the permanent availability of tools allow them to 
optimize their personal organization. They can work at the time most convenient for 
them or easily catch up on a delay, for example. Besides, the automatic archiving of 
all submissions encourages students to try other approaches or ideas without the risk 
of seeing their rating drop. This encourages students to rework alone the exercises 
worked in pairs in class. This option also allows them to retrain after a certain period 
of time or to retry an exam until they pass, even if the assessment is complete.

For struggling students, the automatic correction make it easy to add additional 
or intermediate exercises to increase training and improve comprehension. This 
allows them to consolidate not only their base of skills and knowledge but also to 
build confidence in themselves and in their ability, an essential ingredient in success 
without having a significant cost in time for the teacher.

In the same way, we can better manage high-performing students thanks to 
optional exercises called “challenges”. These exercises cover less essential parts and 
can be very demanding. If unsuccessful, they have no effect on the final grade. We 
saw in Section 2.1 that Generation Z loved challenges. The introduction of this type 
of exercises helped lift all students to the top.

Bringing assessment back as a teaching tool made it possible to empower stu-
dents by making them responsible for their learning while facilitating a relation-
ship of trust with the teacher. The reader interested in this last point can consult 
(Antibi, 2003, 2007, 2014).

Feedback on exercises is also personalized in relation to student profiles. When 
students are inexperienced with both programming and automatic correctors, some 
hints help them to better understand why they failed a given test. When they are 
more experienced, the feedback is more succinct. This encourages them to gradually 
formulate and test the right hypotheses and thus gain autonomy.

4 � Developed tools behind the e‑learning platform

We will now detail the tools as well as their main functionalities which make it pos-
sible to implement the levers seen in the previous section. We discuss the front-end 
learning interface in Section 4.1, the automatic code corrector in Section 4.2 and the 
automatic plagiarism detector in Section 4.3.
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4.1 � Front‑end learning interface

In this section, we discuss the main functionalities of interest of the front-end 
learning interface developed for the student on the one hand Section 4.1.1 and for 
the teacher on the other hand Section 4.1.2.

4.1.1 � Features for students

Figure 4 summarizes the use cases for students. Students can log in to the learn-
ing platform either alone or with another student when they are working in pairs. 
Then, they can access the monitoring page which contains a visual summary of 
their progress in carrying out the requested exercises. Self-monitoring of acquired 
skills is done intuitively and instantly, in global (chapters) and in detail (exercises 
of a chapter) thanks to a color code which reflects the feedback from the evalua-
tion (see Fig. 5 for the meaning of the symbols used in our monitoring).

Fig. 4   Use cases of our e-learning platform for students. They must be able to log in (1), see their moni-
toring and statistics, access chapters and exercises to submit a code (2) and view the results obtained (3)

Fig. 5   We use smileys of different shapes and colors for displaying progress on our e-learning platform. 
Green indicates that the skills have been acquired, yellow stands for in progress, orange means a work 
still insufficient, red stands for no work and purple means plagiarism. A distinction is made between 
mandatory (“you must finish this exercise”) and optional exercises (“you may find interest in trying this 
exercise”) thanks to the different faces of the smileys
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From the home page (see Fig. 6), students can select a chapter to access the 
list of different exercises. History of code submissions, associated results and 
feedback are accessible for a given exercise. Students can make code submissions 

Fig. 6   The home page that students see when they log into the learning platform. It displays the sum-
mary of their current evaluation (self-monitoring) as well as their statistics and it gives them access to 
the different chapters and exercises to submit programs
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24/7, solo or in pairs, from any place (at school or elsewhere) as long as an inter-
net connection is possible and the deposit is still authorized. Students have devel-
oped and tested their code with the tools of their choice (integrated development 
environments, command-line tools, etc.) before submitting a version that they 
think is correct.

The submitted code is then analyzed by a back-end script that performs a series 
of actions such as checking for prohibited functions or breaking up the source code 
into separate functions.

After that, the submitted code enters the automatic corrector (see Section  4.2) 
which returns its result to the interface for formatting. Students then have feedback 
on the success of the exercise. The total duration, from submission to the display of 
the result, takes only a few seconds.

4.1.2 � Features for teachers

Figure 7 summarizes the use cases for teachers. When they connect to the plat-
form, they can access the monitoring interface which contains the complete list 
of their students (by class) with the summary of their progress (see Fig.  8). 
Then, they can access the details of the submissions of each student. Finally, 
the results can be exported for a group, for a given exercise or for a selection of 
exercises in order to facilitate the creation of scoring grids.

On the exercise management interface, teachers can easily add, modify or 
delete chapters, exercises and test sets. A set is made up of one or more pairs 
of inputs and outputs. Teachers can also manage the opening and closing dates 
of a chapter or an exercise according to the group of students concerned, as 

Fig. 7   User cases of the platform for teachers. After logging in (1), they can choose a class to check its 
monitoring (2) and access the individual monitoring of a student (3). Teachers can also manage chapters 
and exercises (4). Finally, they can access plagiarism analyzes (5) on the submissions of one or more 
classes for a given exercise (6)
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well as according to its type (exercises, challenges, tests). And finally, teachers 
can also consult the results of plagiarism evaluations for a given exercise and 
access the visual comparison of two suspicious source codes.

Fig. 8   Example screenshot of part of a group monitoring panel seen by a teacher. It is easy at a glance to 
see if the majority of students are on time, late or early and to identify struggling, improving or comfort-
able students
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4.1.3 � Summary of the features and actions implemented with regard 
to the educational objectives

In Section 2 we saw the issues from the perspective of both students and teachers. 
In Section 4.1 we saw the main functionalities offered by the developed e-learn-
ing platform. In this section, we summarize the impact of each of these features 
on the educational objectives to solves the issues. As seen previously in Sec-
tion 3 we separate our educational objectives into three categories. The first one 
is focused on “sequencing” (Table 2) the second one on “pace” (Table 3) and the 
third one is dedicated to “evaluation” (Table 4). In these tables, we have specified 
who activates the features ([S] for student, [T] for teacher) and who benefits from 
them. Then, in the following sections, we detail the two back-end tools that sup-
port the e-learning platform.

4.2 � Back‑end automatic code corrector: Autocorrect software

The corrector is a script that is launched in its sandbox for each code submitted. 
It starts by compiling the code and checks that there are no error or warning. If 
an error occurs, the analysis is stopped. Otherwise, the analysis continues, but 
if there is a warning, it is signaled to encourage students to correct it even if the 
result is correct.

After the compilation step, the corrector runs the obtained program with the 
different datasets and tests associated with the corresponding exercise. Some are 
randomly chosen from a set of tests to prevent brute-forcing. For each test, the 
program output is compared with the expected output. These must be strictly 
identical to validate the exercise. A single failure causes the whole exercise to 
fail. The result is then sent to the interface to display it to students (see Fig. 9).

4.3 � Back‑end automatic plagiarism detector: Baldr software

When using the results of the automatic corrector to make a graded assessment, it 
is essential to be vigilant about identity theft (someone pretending to be another) or 

Table 2   Summary of the features and actions implemented with regard to the educational objectives con-
cerning sequencing ([S] student, [T] teacher)

Sequencing

Features / Actions implemented Educational goals

1. Creation of learning sequences around key concepts [T] ◦ Gives meaning [S]
◦ Facilitates attention focus [S]

2. Grouping learning sequences into macroscopic themes [T]
3. Grouping T / visualization [T+S] of exercises created on the 

e-learning platform by category (theme → learning sequence)
◦ Facilitates the identification 

of key points not mastered 
[T + S]
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plagiarism (taking someone else’s code and submitting it). Dematerialization facili-
tates this type of fraud attempt.

We can fight against identity theft by regularly organizing assessments with man-
datory physical presence and then by ensuring that the results obtained are con-
sistent with the usual results. Another positive factor in organizing such sessions 
is to reduce student stress by turning assessments into routine. The time cost for 
the teacher is minimal as it is reduced to managing only the logistics thanks to the 

Table 3   Summary of the features and actions implemented with regard to the educational objectives con-
cerning pace ([S] student, [T] teacher)

Pace

Features / Actions implemented Educational goals

1. Bringing the practical sessions closer to the associ-
ated theoretical sessions [T]

◦ Facilitates attention focus [S]

◦ Avoids the feeling of wasting time [S]
◦ Avoids repeating the course [T]

2. Gradually revealing [T] / discovering [S] the 
exercises on the e-learning platform according to the 
progress in the course

◦ Stimulates [S]

◦ Incites to deepen [S]
3. Set a time limit for submitting exercises on the 

e-learning platform [T]
◦ Stimulates [S]

◦ Incites to finish the work [S]
4. Easily schedule exercise session openings and clos-

ings in advance [T]
◦ Saves time in organization [T]

5. Reopen [T] / redo [S] exercises whose initial ses-
sions are closed [T]

◦ Encourages to rework [S]

◦ Encourages to fill in the gaps [S]
◦ Materializes underachievement [S]
◦ Encourages to check the anchoring of skills [S]

6. Add [T] / carry out [S] optional complicated exer-
cises (challenges)

◦ Stimulates [S]

◦ Reinforces the level of mastery [S]
◦ Incites to deepen [S]

7. Add [T] / [S] carry out optional intermediate or 
complementary exercises

◦ Adapts to the level [S]

◦ Gives confidence [S]
◦ Reinforces the mastery [S]

8. 24/7 submission of exercises on the e-learning 
platform [S]

◦ Adapts to the pace [S]

9. Immediate correction with feedback ◦ Adapts to the pace [S]
◦ Stimulates [S]
◦ Encourages progress [S]
◦ Incites to finish the work [S]
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Table 4   Summary of the features and actions implemented with regard to the educational objectives con-
cerning evaluation ([S] student, [T] teacher)

Evaluation

Features / Actions implemented Educational goals

1. Use of a visual (colored smileys) / semantic 
(appreciations) rating scale [T]

◦ Gives meaning [S]

◦ Facilitates interpretation [S]
◦ Helps to better understand the points in progress 

and the gaps [S]
2. Intuitive visualization of the individual global 

summary of results (theme or learning sequence) 
[T+S]

◦ Stimulates [S]

◦ Facilitates the identification of acquired / non-
acquired [T+S]

◦ Gives a better view of the progress [T+S]
◦ Empowers [S]

3. Intuitive visualization of the class global sum-
mary of results (theme or learning sequence) [T]

◦ Helps detect dropouts [T]

◦ Gives an idea of the class dynamics [T]
4. Export scoring grids [T] ◦ Saves time for teaching [T]
5. Automatic correction of submissions ◦ Saves time for teaching [T]

◦ Guarantees a more complete and rigorous correc-
tion [T+S]

◦ Offers greater amount of correction [S]
◦ Gives feedback adapted to the work carried out [S]

6. Correct exercises in the form of multiple unit 
tests [T+S]

◦ Gives feedback adapted to the work carried out [S]

◦ Helps to conceptualize [S]
◦ Introduces the notions of code safety [S]

7. Having the history of submissions [T+S] ◦ Helps to visualize pro-gress or pro-blems [T+S]
◦ Encourages testing new approaches [S]
◦ Facilitates rework (reassuring) [S]

8. Accessing the correction report [T+S] ◦ Helps to understand errors [T+S]
9. Adjusting the level of detail of the correction 

report (more or less indices) [T]
◦ Adapts to the level [S]

◦ Gives confidence [S]
◦ Empowers [S]

10. Systematic automatic plagiarism test ◦ Empowers [S]
◦ Facilitates control (focus on suspi-cious ca-ses) 

[T]
◦ Helps distinguish plagiarism vs help [S]
◦ Encourages the production of original personal 

work [S]
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automatic correction. Aside from that, to fight against plagiarism, we have devel-
oped an original and specific detection tool detailed in this section.

4.3.1 � Theoretical foundations

Plagiarism detection consists of finding common information content in different 
files. The whole difficulty lies in the fact that this common content is not strictly 
identical in its form but is in its meaning. Consequently, it is a very complex prob-
lem to quantify this notion that is in essence difficult to define or model.

In science, this notion is at the crossroads of many disciplines, such as math-
ematics, physics or more recently biology and computer science for example, 
which explains the many attempts to define it. Among them, we have retained those 
directly related to computer science and more specifically to algorithmic theory of 
information, also called Kolmogorov’s theory of complexity (Li & Vitanyi, 2008).

To understand the principle, we must go back to the myth of Occam’s 
razor  (Thorburn,  1918). Originally created to manipulate theological concepts, it 
was later adopted by scientists around the 17th century. This principle advocates 
that the choice between different theories compatible with the facts must be made in 
favor of the simplest. The notion of information, seen through this prism, could thus 
be defined as the simplest theory.

But then we come up against another subjective notion: simplicity. It took the work 
of mathematicians like Ray Solomonoff, Gregory Chaitin, Per Martin-Löf and espe-
cially Andreï Kolmogorov and Leonid Levin (Solomonoff, 1964; Kolmogorov, 1965; 
Martin-Löf, 1966; Zvonkin and Levin, 1970; Levin, 1984; Chaitin, 1987, ...) around 
the 1970s to rigorously link the notions of information on a computer and simplicity (or 
more precisely complexity) and to define associated metrics (Delahaye, 2006).

Any computer object (text file, source code, multimedia, binary, etc.) is ultimately a 
series of bits with a value of 0 or 1. In this universe, any program capable of generating 

Fig. 9   Screenshot example of a feedback given by the corrector to a student after a submission
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exactly this series of bits becomes an exact variant of the computer object and the infor-
mation it contains. This remains true regardless of the original nature of the file, which 
is intuitively compatible with the universality of information.

If we assume that each program is a theory and that the simplest is the smallest 
program (in number of bits), we can now rigorously calculate the notion of informa-
tion (Kirchherr et al., 1997) even if its content is not definable, as it is the case with the 
notion of entropy in signal processing. This is called the Kolmogorov complexity (Li & 
Bitanyi, 1997).

From an algorithmic point of view, we can exploit any regularity in an object (i.e. 
in the sequence of bits) to shorten the programs that describe it. For example, if an 
object is symmetrical, it suffices to describe the pattern and the symmetry to apply. 
However, the exploitation of patterns to reduce data is exactly the goal of compression 
algorithms. Among these, lossless compression algorithms make excellent estimators 
of Kolmogorov complexity (Cilibrasi & Vitanyi, 2005).

Plagiarism detection can be included in a more general problem, which is automatic 
classification. In the computer universe, Kolmogorov complexity arises as a natural cri-
terion of classification. The first works on this subject focused on the classification of 
genetic sequences. It defines the notion of informational distance between sequences 
of characters as being the size of the shortest program allowing to transform one string 
into another (Bennett et  al.,  1998; Varré et  al.,  1999). The idea was then perfected 
and simplified to be now known and used under the name of similarity distance (Li 
et al., 2004). The first uses of this distance focused on the classification by compression 
of pieces of music (Cilibrasi et al., 2004).

4.3.2 � In practice: application to source codes

Let us illustrate the principle with an example. Let A and B be two files and K(A) and 
K(B) their compressed version by a lossless algorithm K (see Eq. 1). Each file is com-
posed of a common part C

AB
 and a distinct part D.

The result of the concatenation of the two files ( A + B ) and its compressed version 
( K(A + B) ) are presented in Eq. 2: the compressor K eliminates all redundancies.

In plagiarism detection, what interests us is obviously the common part C
AB

 and 
the weight it represents with respect to the totality of the files A and B. Equation 3 
shows us how to get K(C

AB
) with the elements we can calculate.

(1)
{

A = C
AB

+ D
A

K(A) = K(C
AB
) + K(D

A
)

{

B = C
AB

+ D
B

K(B) = K(C
AB
) + K(D

B
)

(2)
{

A + B = 2 × C
AB

+ D
A
+ D

B

K(A + B) = K(2 × C
AB
) + K(D

A
) + K(D

B
) = K(C

AB
) + K(D

A
) + K(D

B
)

(3)
K(C

AB
) = K(A + B) − K(D

A
) − K(D

B
)

⇒ K(C
AB
) = K(A + B) − K(A) + K(C

AB
) − K(B) + K(C

AB
)

⇒ K(C
AB
) = K(A) + K(B) − K(A + B)
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So we just need to compress each file A and B as well as their concatenation ( A + B ). 
The next step is to calculate a distance between the informational contents of files A 
and B from K(C

AB
) . The similarity distance proposed by Cilibrasi et al. (2004) can 

be developed to obtain a generalized form (see Eq. 4). We use this last formula on 
the compressed codes compiled for our plagiarism detection algorithm. The smaller 
the similarity distance, the more similar the files are and therefore the greater the 
likelihood of plagiarism.

In our case, we are trying to detect plagiarism in a relatively small set (scale of 
few tens to hundred individuals). So we can afford a systematic calculation of all 
distances between all the files two by two. This gives us a table of distances. The fol-
lowing section details how to use it.

4.3.3 � Using Baldr

The implementation in Java of the previous theoretical work was carried out by our 
colleague Hubert Wassner. This cross-platform open source software is called Baldr, 
in reference to the Scandinavian god of light and truth. Its technical operating prin-
ciple is explained by Wassner (2014). In this section, we mainly focus on the educa-
tional benefits of this software.

Analyzing a rendering of several tens or hundreds of files is quite simple: specify-
ing the directory containing them for automatic processing is the only requirement. 
The analysis is very fast (on the order of a second). The first result displayed is a 
histogram of the inter-file similarity distances (see Fig. 10, top).

This graph allows us to quickly get an overall idea of the risk of fraud and its 
extent. Indeed, as the most suspicious cases correspond to the smallest distances, 
we can focus on the leftmost columns of the histogram. The area of this class indi-
cates the number of files concerned. So ideally, if no peak stands out on the left, 
one can be reasonably confident that there is no fraud. Otherwise, the attention of 
the teachers is focused on these contentious renderings. They have the option at this 
stage to adjust the width of the histogram classes to avoid detection bias due to poor 
sampling.

The next step of the analysis displays the table of similarity distances (see Fig. 10, 
bottom). The distances appear in a color gradient from red for the smallest to green 
for the largest. It is therefore very easy to identify suspected cases. And finally, 
teachers can automatically launch a code comparator on these few cases so they can 
validate whether or not it is indeed a fraud attempt (see Fig. 11). By default, the soft-
ware used by Baldr is Kompare (2016).

(4)d(A,B) =
K(C

AB
) − min(K(A),K(B))

max(K(A),K(B))
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Fig. 10   Screenshots of two graphic results rendered by Baldr. On the top, the distribution of the distances 
measured between the codes. On the bottom, extract from the 2D visualization of the distances between 
each program pair (symmetrical table). The color graduation makes it possible to focus easily on the 
most suspicious codes

Fig. 11   Screenshot of the visual comparison of two suspicious codes so a human can confirm if it is pla-
giarism
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5 � Experience feedback and results

As we have seen in the previous sections, the main objective of the presented 
reform is to adapt to Generations YZ the teaching practices created for Genera-
tions XY. To do this, this reform uses two main levers: 

1.	 first, individualize learning in a large group context to ensure that the students 
reach the expected technical level,

2.	 second, increase student engagement with a more empowering and stimulating 
pedagogy.

We have assessed the effectiveness of the actions implemented thanks to the 
quantitative and qualitative indicators.

As a reminder, the population studied corresponds to 100 to 200 students per 
year, who are around 18 years old and who are doing their first year in higher 
education in computer science. The quantitative indicators were calculated annu-
ally on 100% of students and the qualitative indicators come from annual sys-
tematic surveys to which more than 80% of students responded. The study covers 
a total period of 15 years divided into a period of 7 years before the reform and 
another of 7 years after. The students of the first period serve as a control group 
to evaluate the progress of the students of the second period.

During this period, the extrinsic factors did not change before and after the 
reform: same administrative functioning of the school, same team of teachers, 
same sequencing in relation to other subjects, same number of hours of lessons, 
etc. Furthermore, the starting level (a priori knowledge) of the students was not 
different over the years concerned by the study. Thus, we can reasonably con-
clude that the results observed are mainly due to the reform.

5.1 � Technical level & Individualization

The evolution of the average and the median of the student grades and the pour-
centage of students reaching the educational objectives are presented for the 
whole period of the study in Fig. 12. In a first global analysis, all the indicators 
came back positive and even improved compared to the initial situation.

In more detail analysis, students from the reform period better master technical 
key skills. For example, 25% more students feel comfortable using Linux after the 
reform, 21% more students feel comfortable using pointers, 17% more students 
say they know how to write programs using the greedy paradigm and 14% more 
students say they know what Bachmann-Landau notation corresponds to. As the 
content of the courses has not changed significantly, this significant difference 
can be attributed to the reform.

According to the teaching team, the major changes concerning the evaluation 
of student work have been particularly decisive in this evolution of operational 
technical mastery. As seen in previous sections, these changes relate to the fre-
quency of assessments, their systematic nature and their individualization.
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Regarding the frequency of evaluation, we have concretely gone from a 
monthly evaluation at best to a continuous evaluation. A side effect of this change 
of pace is a profound change in the way students experience evaluation. If we 
combine the parts of the questionnaire concerning the stress linked to individual 
evaluations, 67% of students on average declare that they are not very stressed 
by them (contrary to 24% on average before the reform). Moreover, the answers 
of the students also show that most of them (72% against 46% before the reform) 
see a real correlation between their personal work and their success in the 
assessments.

Regarding the systematic nature of the assessment, this approach prepares stu-
dents for what is practiced in industry with systematic unit testing and gives them 
good programming safety habits. For example, an average of 79% of codes submit-
ted mid-year fail the “divide by 0” test on exercises that include a divide by a vari-
able. This percentage drops to 18% at the end of the year. Students also correct this 
type of error much faster.

Regarding the individualization of the assessment, the introduction of inter-
mediate exercises makes it possible to catch up with students who would have 
dropped out normally. 18% of students carry out these intermediate optional 
exercises. Besides, the challenging optional exercises stimulate good students 
who would normally be bored. More than 30% of students tackle these chal-
lenges and 7% achieve them in full. From a personal satisfaction standpoint, stu-
dents report that they are proud to have completed these challenging exercises 
(one testimonial even speaks of the pleasure comparable to beating the end-of-
level boss in a video game).

Baldr is also very effective at detecting the most original solutions. If these con-
tributions regularly come from the same students, then Baldr also makes it easy and 
quick to identify the most promising students.

Besides, the number of students having multiplied by 1.5 since the start of the 
reform with an average increase of +15% per year, we can also conclude that the 
solutions put in place are robust to the significant increase in workload.

Fig. 12   Analysis of the evolution of indicators over a period of 15 years. The reforms and the software 
suite were implemented in year 0. On the left, the average and median of student grades. On the right, the 
evolution of the pourcentage of students reaching the educational objectives
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5.2 � Empowerment & Stimulation

As part of our reform, we have based the empowerment and stimulation of students 
on two main levers: helping them to understand the meaning of what they are doing 
on the one hand and developing their autonomy on the other.

Concerning the meaning of their teaching, the students better perceive the overall 
plan and the logical links between the lessons (62% instead of 48%). They are also 
sensitive and grateful that we take the time to explain to them the meaning of what 
they do (84% say it is important to them).

Likewise, the transition from numerical grades to appreciations was effective in 
raising the objectives that the students set for themselves to validate an assessment. 
We observed an immediate and positive psychological effect to this clarification. 
Indeed, about 40% of students were previously satisfied with a 9/20 because they 
thought they were close to validation. With the corresponding grade “Disappoint-
ing” about 80% of students in this category react to have a better grade.

Concerning the autonomy, it goes through self-assessment and personal involve-
ment. About self-assessment, 94% of students find that colored smileys are very 
practical and effective in use. Some students (12%) even asked for more evaluations 
to have a finer control of their progress. 71% of them find that the automatic correc-
tor gives a reliable estimate of their technical level. We expected a higher percent-
age, but since a significant part of the students (31%) find that the rigidity of the 
corrector on the format of the results is oversized (an extra space in the response is 
sufficient to decline a submission), it is likely that this has weighed on this aspect.

In order for the self-assessment to be reliable and trustworthy, it is important to 
effectively combat code submission fraud. For this, an early live demonstration of 
the effectiveness of the Baldr tool in front of all the students is done. 93% of students 
find that this demonstration convinced them that it is easier to work without cheating 
than to cheat without being detected. Thanks to this effort of prevention, transpar-
ency and systematic use of the tool, attempts at fraud are almost non-existent.

So that the time spent working is faced in pleasant conditions for the students, we 
have taken particular care to make the educational platform fun and addictive. 67% 
of the students appreciate this point. It should explain why the platform was adopted 
very quickly and rather perceived as a serious game. For 83% of students the discov-
ery of new visuals as they progressed had a dynamic effect.

74% of students say the short delay between code submission and interface feed-
back helps them maintain their attention. This prompts the students to immediately 
rework their code to obtain a full validation (gaming effect), as the following testi-
mony shows: “I felt like I was being challenged and I had a week to do it. I really 
liked it.”.

The empowerment of students and their stimulation generated by the educational 
platform have resulted in an increase in the work provided by the students. Indeed, 
more than 20% of students declare a higher personal working time (of which around 
10% is much higher) as can be seen at Fig. 13.

This personnal working time is partly used by 92% of the students to finish the 
exercises within the given time (1 week), by 16% of the students to rework and 
resubmit old exercises in order to ensure that the skills are well mastered, and by 9% 
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of the students to catch up with a dropout (prolonged absence, period of demotiva-
tion, personal problems, etc.).

6 � Conclusion & Discussion

A few years ago, we observed a significant drop in the success of students taking 
engineering courses in computer science. The analysis of the problems encountered 
led us to an educational reform. In this article, we focused on two main levers to bet-
ter adapt to the particularities of digital natives students: the development of a more 
active, stimulating and empowering learning and the individualization of learning 
in a collective context. We presented how we implemented these levers through a 
learning platform. The front-end learning interface includes real-time visualization 
of progress and use gaming levers. The back-end part consists of an automatic cor-
rector and an original automatic plagiarism detector based on similarity distance of 
computer sciences information.

15 years of systematic surveys allowing the extraction of quantitative and qualita-
tive indicators have shown two main results.

First, there is a general rise in the technical level of the students of the reform 
period with a constant working time for the teacher in a large group context. The 
analysis shows that this is mainly thanks to more frequent, systematic and com-
plete evaluations that include more understandable assessments and exercises 

Fig. 13   Evolution of the average amount of weekly personal work declared by students over the four 
quarters of the total study period
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fitted to individuals. Among other statistics, there is a 30% increase in the average 
and median of student grades in just a few years after the reform.

Second, students are more involved and have significantly increased their per-
sonal working time. The keys reasons highlighted by the analysis are a better 
understanding of the global schema and of their individual positioning towards 
the expectations, as well as individualized and stimulating feedbacks. Indeed, we 
observe a 20% increase in personal weekly working time declared by students 
after the reform.

There are, however, several limitations to this study. Firstly, there is an essen-
tial part of face-to-face interaction in the system put in place. There is therefore 
no guarantee that this experiment would have given good results with a com-
pletely online approach. Secondly, there is a risk that students get used to and 
get tired of the platform over time, which lowers their interest and therefore their 
engagement (this concerns 4% of the students in our study for example). We must 
therefore be vigilant so that the front end often evolves and remains attractive to 
successive generations, because their interests change very quickly. Finally, a last 
limitation is to be vigilant about the amount of content accessible to students. 
Indeed, if we propose too much content, we could obtain the opposite effect of 
what is sought by demotivating some student profiles.

In terms of perspective, we can discuss the tools available to create this kind 
of learning platform nowadays. At the time, we had developed everything from 
scratch. Today, there are sufficiently modular and adaptable automatic correctors 
available, such as DOMjudge (2010), which can be used directly in the back-
end  Wasik et  al. (2018); Pham and Nguyen (2019). The same goes for plagia-
rism detectors: many softwares have been developed in this direction (Gomes & 
Matos, 2020; Iffath et al., 2021) and can also be easily integrated into the back-
end. However, what is still lacking today are off-the-shelf tools that combine 
these features as well as feedback and progress management through a configur-
able interface. The learning management platform (Moodle, 2022), for example, 
is practical for organizing sequencing and quiz, but less to display a self-mon-
itoring feedback, or to automatically correct codes. Nevertheless, the develop-
ment tools available today make it possible to quickly obtain dynamic and attrac-
tive interfaces. This is a transition that we are currently making.
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