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Abstract

University students enrolled in the first year of the Computer Science degree may have problems approaching
programming, negatively affecting their study during the course. Tutoring programming projects are very important in
helping students with difficulty in learning by providing the right approach to study, improving their knowledge and skills
in computing. The aim of this work is to realize a new Java Programming tutoring online course that allows students to
have an effective online tool to achieve the learning goals of the course and this will enhance the programming exam pass
rate. The course we have designed consists of tools to help students with video tutorials, self-assessment quizzes, code
evaluations and exercises to solve using an online Java editor. Because the Moodle platform lacks tools to check the quality
of the code syntax, a new software was created. It performs a syntax analysis of the Java code and, as a tutor, automatically
provides feedbacks and tips to the students to improve the quality. For each online tool the immediate feedback technique
is used to amplify students’ engagement. A Clustering Machine Learning technique is performed to identify different
students’ behaviors. A correlation between them and the final performance showed the most influential features of the
completed activities. Quantitative analysis highlighted the effectiveness of the tutoring system and the online course
designed in this work to enhance the final exam pass rate. At the end, students filled a questionnaire to report their

perception and satisfaction about the course.
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1. Introduction

In the first year at university, starting a new
programming course can be hard for computer science
students. Sometimes they can also have difficulty to
pass the exam. Programming courses are perceived as
difficult. This can increase the student dropout rate
(Robins et al., 2010) and can negatively affect student
study (Ambrosio et al, 2011; Askar et al., 2009;
Figueredo et al., 2020; Hawi, 2010). A lot of the
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students that don’t have any programming experience
before, think that programming is difficult to learn and
use. They refuse to learn programming skills
unconsciously (Tan et al., 2009). Students’ views
regard the difficulties that they faced in programming
themes that cover semantics, programming skills and
programming knowledge (Ozmen et al., 2014). Many
students had difficulties developing computational
thinking. Computational thinking is an attitude that
permits problems solving using computational
techniques (Wing, 2006; Garcia-Pefialvo, 2016).
Recent studies identify teaching methodology as the
main reason for problems in teaching and learning
programming. They rarely focused on developing the
skills and knowledge acquired in the student’s learning
experience (Figueiredo et al., 2020).

Students must study not only theoretical concepts, but
also interpret their own mistakes, find examples, and
search solutions to known problems. The tutorial aspect
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is important because it can allow the improvement of
the quality of teaching. In fact, it can drive the student
to acquire generic and disciplinary skills. Tutoring
represents an action to support the different aspects of
a student’s learning development (De Santis et al.,
2021). It helps students during their study and supports
them in any difficult moments, such as the new
approach to university study. The purpose of tutoring is
to provide students to approach the critical steps of their
studies in a good way. It is aimed at promoting
academic success and avoiding university drop-out (Da
Re, 2018). Sometimes it can happen that the degree
courses in Computer Science are composed of many
students enrolled. IT resources are often used to have a
good management of classrooms with a lot of students.
These resources are very effective because they allow
to improve learning processes, thanks to new
pedagogical approaches like e-learning courses applied
in the field of Computer Science. Indeed, the use of
MOOC for teaching IT in a university course with a
high number of students, showed how these teaching
methods have been effective, and expanded the
students’ computer knowledge and skills. Furthermore,
the use of the online course did not reduce the teaching
effectiveness and allowed the improvement of the
student’s learning results (Amendola et al., 2018;
Guelfi et al., 2020). Blended programming e-learning
courses provided some help for students to gain
practical experience through the involvement of Java
programming activities. They allowed students to learn
more easily and are adapted to acquire programming
skills (Hadjerrouit, 2008).

Virtual Laboratories are also provided in e-learning for
learning techniques and knowledge relating to
computer programming. These online labs provide
hands-on simulations that permit the students to learn
comprehensively, through face-to-face lessons.
(Richter et al., 2012). In online laboratories for learning
graphic programming software such as Gnuplot, Video
Tutorials are often used for data collection applied to
the code (Amendola et al., 2016). Given the success of
e-learning courses in education, its effectiveness for
student learning, and the difficulty of managing a lot of
students in the classroom, a programming tutoring e-
learning course is created.

An online programming tutoring course can be very
useful because e-learning platforms, like Moodle, allow
the integration of different tools for programming
purposes. Furthermore, they give the possibility to set
for each tool automatic feedback. Feedback helps
students to understand both the learning outcomes of
the course and their relative progress toward meeting
those goals (Hattie et al., 2007). Research evidence
shows how effective feedback is an important element
for student learning (Shute, 2008). Feedback finds
many applications in the programming field, and it is
used to contribute to improving students’ cognitive
outcomes (Gusukuma et al., 2018; Marwan et al.,
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2019). One of the fundamentals criteria that affect
efficacy in feedback is the timing. Immediate feedback
gives a lot of advantages, like the promoting of actively
learning. It allows students’ partial knowledge to be
rewarded with partial credit and it is strongly preferred
by students compared to other techniques (Di Battista,
2005). An example of immediate feedback is the I[F-AT
that provide to students’ immediate feedbacks about the
accuracy of their answers, as the students are
completing each exercise. The Immediate Feedback
Assessment Technique (IF-AT) system provides
immediate affirmative feedback or corrective feedback,
depending on the answer given by the students (Epstein
et al., 2002). Research evidence shows how immediate
feedback is more effective compare the delays
feedback, on complex tasks, when students have less
prior knowledge (Shute, 2008) like the new university
students that approach programming. Students
involved in immediate feedback got a high level of
scores and correct answers then the other students. This
method engages students in the process of discovering
and correcting initially imprecise response strategies
(Epstein et al., 2002).

Learning Management System (LMS) like Moodle
permits to create an effective programming tutoring e-
learning course, because it covers most of the features
that allow the successful learning of java programming,
like videos, online editors, and different types of
multiple-choice quizzes. These tools allow the
integration of video tutorials for writing code, give the
possibility to perform the code and, thanks to the
feedback functions, check errors in the execution of the
created software, check theoretical knowledge,
evaluate the code, test the functionality of the code.
However, testing the quality of the syntax produced by
the student is important to complete an online
Programming Tutoring course.

An online editor can recognize errors at runtime;
anyway, if the program runs correctly, the code may not
be written optimally. It could not respect the logic of
the object-oriented paradigm, or there could be an
improper use of java commands that could create
optimization problems. Unfortunately, in Moodle there
is no automatic tool that allows the students, based on
the code described, to have feedback and advice to
improve the quality of the code syntax of the Java
programming language. A new tool was created to
analyse the syntax of the written code and its quality.
The tool then, as a tutor, automatically provides
feedback and tips to the students in order to improve the
quality of the code.

In recent years, several students of Computer Science
at the University of Camerino encountered difficulties
in Java programming during the attendance of their
first-year degree. These difficulties were not always
overcome, and students often didn’t pass the exam
during their first-year degree, registering a decreasing
trend of exam pass rate from 51% to 43% during the

© Italian e-Learning Association



Online tutoring system for...

Je-LKS, Vol. 19, No. 1 (2023)

last four years (from academic year 2015/2016 to
2018/2019). The Java programming course is one of the
most important courses in the three-year degree in
Computer Science, so the exam failure in the first year
led often students to leave the university. We recall here
that the first-year drop out from the university system
is one of the most crucial problem in Italy and one of
the most difficult to be solved, or at least mitigated.

The aim of this work is to realize an effective online
Tutoring course that contributes to an improvement in
the quality of teaching in the Java Programming course.

The research conducted aims at investigating if the
online tutoring system is able to improve the students’
performance and also enhance the exam pass rate in the
first-year students in order to decrease the possibility of
drop-out.

The final goal of our work is to demonstrate how it
improves students’ computer skills and knowledge and
check if they can give benefits to students, in terms of
performance (if they quickly pass the final exam) and
in terms of satisfactions (analysing also the
questionnaire based on the students’ perceptions).

The online tutoring course was delivered in January
2020 and was structured in 6 modules, designed, and
uploaded to the Moodle platform of the University of
Camerino. Students of the first year of the degree
course in Computer Science had access to the course at
the end of the period in which the Java Programming
lectures were held. They performed the activities of the
tutoring course before the final exam. In this paper, the
design of the online course and the results obtained by
the students were discussed to evaluate the impact of
the online tutoring course in terms of pass rate of the
final exam and level of student satisfaction. In fact, we
want to evaluate the effectiveness of the online tutoring
course, to ensure an effective tool for improving the
study approach to students.

The evaluation the course was analysed by the
following research questions:
1. How did the students use the online resources?
2. Did the massive use of the platform help students
pass the exam within the academic year?
3. How did the students perceive the effect of online
resources in acquiring skills and passing the
exam?

A teaching model was designed and adopted to obtain
the answers to these research questions. Logs for the
various activities were extracted from the e-learning
platform and processed using Machine learning
techniques. In this way it was possible to determine and
compare the behaviours held by the students on the
platform and how they affected the results of the final
exam. Finally, the questionnaire filled by students was
analysed.
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2. Methods

2.1 Participants

This case study was carried out with a group of 151
first-year students of the degree course in Computer
Science at the University of Camerino. The course was
delivered in Italian. Participation in the online tutoring
course was voluntary. The online tutoring course was
available to students after the theoretical and laboratory
face to face lectures, to have a basic preparation before
taking the tutoring course. A professor, a tutor, and a
Ph.D. student in Computer Science course at the
University of Camerino prepared the teaching
materials, the video tutorial and designed the online
activities.

2.2 Research methods and procedures

The project of the online tutoring course was preceded
by an accurate identification of the topics that the last
years students found difficulties.

The main goal of teaching programming course is to
acquire skills to create computer software that solve
real problems, developing computational skills. The
course was divided into 6 modules, each of which
consists of topics that allow to achieve the learning
outcomes of the programming course. These permit to
implement and create simple software to solve
computational problems. In particular, the following
topics were explained in each module:

1. primitive data types, cast, bitwise operators;
vectors and cycles;
control flows and logical operators;
classes and exceptions;
math and Util libraries;
inheritance and interfaces.

ARl N

For each module, activities were developed to allow
effective learning of students’ knowledge and skills.
Each module initially consists of a video tutorial, often
used in e-learning courses to stimulate student
engagement (Amendola et al., 2016). The video tutorial
drive students step by step in writing the programming
code aimed at solving programming exercises. Video
tutorials last a maximum of 20 minutes, about 40 MB
in size and consist of voice and screen recording. In
particular, a Java online editor is displayed, and the
step-by-step explanations show the code to solve
exercises. Key information on the methods and
solutions are used; theoretical references are included
in the video, to provide the tools to solve similar tasks.
To give the opportunity to develop computational
knowledge, various activities and exercises are
included where students with difficulties can test their
skills. The activities to be delivered in the course are
based on teaching models that found a fast and effective
learning of computer skills and knowledge in
programming (Tan et al., 2014). These models consist
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of different exercises like multiple choice and open
cloze. The interactive tutor is another important tool for
learning success which supports step by step the
development of simple computer software (Figueiredo
et al., 2020).

The following activities are included in each module:
1. multiple choice quiz;

text completion;

code evaluation;

exercise with solution;

programming exercise.

wkhw

The “multiple choice quiz” consists of written java code
and student must give the right answer selecting what
output the code performs.

The “text completion” is composed by open cloze
exercises, used for the acquisition of knowledge related
to the Java syntax (e.g., logical operators, conditional
operators, data types etc.).

The “code evaluation” is a multiple-choice quiz that,
analysing a written code, consists of more than one
alternative that students must detect. In this exercise
there is the code that has anomalies. Students have to
check what anomalies it presents by selecting the
correct ones from a series of items. The system
automatically gives feedback showing the theoretical
explanation.

In the “exercise with solution” activity there is a task
that describe the problem to perform and the solution,
giving the complete source code. This exercise is useful
for students because they can try to solve the task by
themselves and later compare with the solution
provided. In this way they can understand the correct
way on how to solve the problem properly.

Like this activity, there is a “programming exercise”
that students have to perform autonomously. Students
must produce the source code on the java editor and
check if it’s correct.

The Java editor used in this course is an online compiler
made by “Trinket” that is embedded into the Moodle
course. It runs the java code online and checks its
correct execution.

When the source code is correct, students check the
quality of the syntax code. The students execute the
implement code using the “interactive tutoring
software”, that we especially developed for this online
tutoring course to overcome Moodle limits (Moodle
lacks a tool that supports these features). This software
provides automatically immediate feedback on the
quality of the code entered, analysing criteria like
“keywords”, “use of variables”, “use of methods”,
“correct use of classes” to satisfy the object-oriented
paradigms.

There are several studies that highlight the
effectiveness of an interactive tutor in teaching
computer science: i) working with an interactive tutor
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who supports the making of programs is more effective
than learning to program by doing the same exercise
using only a compiler; ii) the use of automatic tutors
requires less help from the teacher; iii) use of online
tutors increases self-confidence in students; iv)
immediate feedback from the tutor appears to be
preferable to feedback given later in class (Gerdes et al.,
2012). The interactive tutor application is developed in
PHP and is installed on a Linux, Apache, MySQL ¢
PHP (LAMP) server. It consists of an html input file,
which consists of a textbox where students insert their
own java code and a button for code verification and an
output php file, which shows to students feedback
related to the inserted code. Students receive, on output,
feedback on mistakes and tips to improve the quality of
the java syntax. The system consists of an accurate
analysis of the text that it takes as input. It compares the
written text with different criteria that the code should
satisfy, set by the teacher for a given exercise. These
criteria can be: 1) use of specific keywords (e.g. “final”,
“static”, “public”), ii) length of the code, iii) use of java
classes, methods, libraries and functions.

Thanks to these tips, students can understand their
mistakes and edit their code until they get positive
feedback, improving their code without the human
intervention. A database, connected to the interactive
tutor, collects all the students’ attempts every time they
try to verify the quality of the written Java code. Thanks
to this mechanism the teacher, who has access to the
database, can directly see each attempt and check,
based on the students’ mistakes, if there are topics that
are difficult for the students to understand. Monitoring
the student progress checking the data collected by the
tool is an important feedback for the teacher which can
detect possible issues in specific topics and in case edit
properly the online activities or learning materials in
order to guide the students to overcome their weakness
in these topics.

In addition to the 6 modules, the course has an
introductory video that explains: i) aims and structure
of the course; ii) how to use the editor; iii) general intro
to java topics.

Finally there is a questionnaire, consisting of 24
questions aiming to acquire interest in the study and to
check students’ perception and satisfaction.

2.3 Data collection and methodology

The results consisted of an analysis of student reports
and a questionnaire on the use of the course, both
extracted by Moodle platform.

Several aspects were analyzed to determine the
effectiveness of the Programming tutoring course:
1. use of the platform activities, through online
course modules logs;
2. detection of the percentage of students who
passed the exam based on their behavior in the
online programming tutoring course;
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3. data collected from an online questionnaire
aiming to extract info about students’ experience
and perceptions in the programming tutoring
course.

Initially (point 1) we analyzed the learning analytics
extracted by the e-learning platform at the end of the
tutoring course. These data were organized in tables
showing the number of logs to the different resources
and activities, to determine the level of interaction of
the students.

Then (point 2) we checked how an intensive use of the
platform can increase the success rate for passing the
final exam. To do this, we first determined the different
students’ behaviors based on the display and the use of
all the activities in the modules. In online learning
environments, clustering can be used to find groups of
students with similar behavior and -characteristics
(Vellido et al., 2010; Nalli et al., 2022). Clustering is a
Machine Learning technique that permits automatically
to identify relationships between data in a dataset with
multiple features, to group objects with similar
characteristics in the same group(cluster) (Bovo et al.,
2013, Nalli et al., 2021). The clusters are generated by:
1) extraction of data relating to the students from the
Moodle Reports used to create the dataset, ii) the input
file of the clustering algorithm; iii) creation of the
software to execute the clustering algorithm to

Authentication

grouping students with similar characteristics and
behaviors.

We selected the following data relating to the behavior
of the students: total time and login frequency, number
and attempts of completion exercises, number and
attempts of evaluation code exercises, number and
attempts of quizzes, number and attempts of exercises
with java compiler and interactive tutor, number and
frequency of videos. To simplify datasets, we grouped
data into a few features. The feature is an individual and
measurable property of an observed phenomenon
(Bishop, 2006). Data belonging to the same type of
activity (but also in different modules) was aggregated
into the same feature.

The collected data was preprocessed. Each student was
represented by a “vector of input” with features
consisting of the values of the attributes associated with
the student.

All the data, organized into feature vectors, one for each
student, were inserted into a single Excel file, called
dataset, which represents the input file of our clustering
software.

The clustering software with K-Means algorithm was
implemented through Python scikit learn library
(Hackeling, 2014).

The software creates groups of students that have
similar behaviours and characteristics on the platform.

Exercises without
java compiler

A

Interactive tutor

Exercises witht
java compiler

Figure 1 — Conceptual flow of online activities and software execution.
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Once obtained the clusters, we compared them with the
percentages of students who passed the final exam
before the end of the academic year 2019/2020; thus
determining the most influential behaviours and
activities that allowed a fast pass exam rate.

Finally (point 3), the course provided a questionnaire
consisting of 24 questions divided into 3 sections: 1)
behaviours, ii) intentions, preferences, opinions, iii)
open questions and comments. The section
“behaviours” consists of 12 questions to obtain data on
the experience related to the online tutoring course. The
section “intentions, preferences, opinions” consists of 9
questions, using Likert scale. These questions covered
satisfaction and perception related to the online course,
in particular advantages and disadvantages related to
the understanding of the material and use. Section
“open questions and comments” consists of 3 open
questions, where students give their opinion on what
they liked most and what they liked least about the
course, useful as feedback. The students completed the
questionnaire voluntarily and anonymously. In this
paper we discuss the results related to the second
section of the questionnaire to detect the students’
perception and satisfaction.

3. Results

How did the students use the online resources?

The data relating to students enrolled in the first year of
the Computer Science course of the academic year
2019/2020 were analysed.

Table 1 summarizes the level of general interaction that
the students had with the materials within the different
modules. For each user, multiple logs occurred for the
same activity.

Access to the activities of each module was unrestricted
and therefore students didn’t need to follow an order for
viewing the materials. Therefore, students only viewed
the activities in which they had lot of difficulties or the
activities useful for passing the exam.

Table 2 shows the types of activities most used in the
course. From the number of accesses, we can see how
the practical activities, which return an evaluation or
feedback, had more success than the theoretical
activities (such as videos). This happened because the
students enrolled in the tutoring course needed to test
their knowledge through exercises, compared to the
theory carried out on face-to-face lessons. All exercises
were delivered on the online course at the same time
and students were able to perform the exercises with an
unlimited number of attempts. The most used activity
was the “Multiple choice quiz” as it is an important tool
for students to fix their knowledge. Other activities
widely used were “Text Completion” and “Code
Evaluation”, which return an immediate evaluation
based on the option selected or word entered. The
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possibility of having immediate feedback allows
students to check if they understood the concepts, or to
identify errors with the aim of improving their
programming knowledge. The “programming exercise”
activity was also widely used, with 1331 accesses,
which was preferred to “Exercise with solution”. This
reinforces the importance of the interactive tutor to
learn programming and develop computational
knowledge. Using the online tutor with immediate
feedback, the student is driven in writing the code with
a good quality. This allows students to be more
effective in learning programming than carrying out
this activity by themselves or using only the compiler;
it also improves their self-confidence. (Figueiredo et
al., 2018).

Materials Logs
Module 1 - Primitive data | 4672
types, cast, bitwise
operators
Module 2 - Vectors and 3708
cycles
Module 3 - Flow control 1891
and logical operators
Module 4 - Classes and 2042
exceptions
Module 5 - Math and Util 1708
libraries
Module 6 - Inheritance and | 1433
interfaces

Table 1 — Number of student-logs to the
materials in all Modules of the online course.

Activities Logs
Video 987
Multiple choice quiz 8391
Text completion 2057
Code evaluation 2061
Exercise with solution 639
Programming exercise 1331

Table 2 — Most used activities in the online
course.
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Has massive use of the platform helps students to pass
the exam within the academic year?

To determine the effectiveness of the online tutoring
course, we decided to carry out a quantitative analysis
on the dataset for the first-year students of the
Computer Science Degree Course of the academic year
2019/2020. Initially we used the Clustering technique
to determine groups of students who had similar
characteristics relating to the use of the course
activities. The second step was the correlation of each
cluster with the performance obtained by students
belonging to the same cluster, to determine which
behaviours influenced passing the exam. Only exams
passed within the 2019/2020 academic year were
analysed.

The clusters were examined to determine the different
behaviours on the platform, highlighting which features
are the most influential. In this way it was possible to
profile the students who belong to the different clusters.
Cluster 0 (26 users) represents students with high
activity in the course, Cluster 1 (40 users) represents
students with average activity and Cluster 2 (85 users)
reflects inactive students. This is also confirmed by the
analysis of very influential features in the creation of
clusters, using the K-means clustering algorithm.

The most important features were the following: i)
number of quiz attempts, i7) number of views of the
example performed and number of exercises to be
performed with the compiler and interactive tutor.

The feature values within each cluster are represented
using the average of the feature values of the students
belonging to the same cluster. The average value of
each feature is shown in comparison with the maximum
value that the feature can represent.

Cluster 2, that represents the inactive students, showed
few attempts among all the quizzes of the course with
an average of 7.37 attempts, few views of the types of
“exercises with solution” (0.42 / 6) and a low number
of different exercises carried out with java compiler and
interactive tutor (0,81 / 12). This little interaction
during the course is also confirmed by the number of
accesses of the students belonging to the cluster (3.42)
and by the number of video views (1.8).

Students belonging to cluster 1 reflect average values
in all activities. In fact, Cluster 1, compared to Cluster
2, finds a significant difference such as the number of
quiz attempts (80.52), number of views of exercises
with solutions (2.52 / 6) and number of different
exercises carried out with java compiler and interactive
tutor (4.62 / 12). The number of accesses (16.12)
confirms the greater activity of these students and the
video views (12.02).

Cluster 0, that represent active students, showed an high
number of quiz attempts (130.26), lot of views of
exercises performed (4.84 / 6) and an high number of
exercises performed with java compiler and tutor (10,
23 /12).
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% exam success

cluster 2

cluster 1

Clusters

cluster 0

o

20 40 60 80 100

% students who passed the exam

Figure 2 — Number of students per cluster who
passed the final exam within the academic year
2019/2020.

To check if the behaviour carried out by students on the
e-learning platform had benefits in terms of
performance, we extracted from each cluster the
percentage of students who passed the final exam
before the end of the academic year 2019/2020.

As showed in Figure 2, the students of Cluster 0, with
high activity on the platform, achieved an higher
success rate than the other clusters, equal to 69%. A
good success rate was returned also by the students of
Cluster 1 who, with average activity, passed the exam
with a percentage of 55%. Cluster 2 had a very low
percentage of students who passed the final exam, equal
to 22%. It confirms the tutoring course gives benefits
for the students.

How did students perceive the effect of online resources
in acquiring skills and passing the exam?

In this part we reported the results of the data returned
by the questionnaire proposed to first year students at
the end of the last exam session of the academic year
2019/2020. We wanted to analyse the perception of
students on the use of the online tutoring course, and
especially if this course influenced the improvement of
computational knowledge and skills in addition to
passing the final exam.

Most of the students believe that the use of the online
tutoring course is effective for passing the exam. Figure
3 shows that 76% of students believe in the usefulness
of the tools and exercises, to increase the chances of
success, while only 23% think that they had little or no
impact. This last part of students was represented by
them that had less activity online. They, as shown by
the Clusters analysis, didn’t easily pass the exam.

The usefulness of the tutoring course is also confirmed
in the improvement of computational skills and
knowledge. 80% of students claim that the tools and
exercises used in the course have improved their
computational skills, while 20% believe that they had
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little influence on learning skills. Regarding the
improvement of the knowledge, 85% of students
believe that the tools improved them, compared to 15%
of students who think that they had little impact for the
knowledge enhancement. 95% of students consider all
online activities (Text completion, Code Evaluation,
Exercise with solution, Programming exercise) useful
as a teaching support tool.

w No impact
w Little impact
¥ Good impact

Great impact

Excellent impact

Figure 3 —Impact that the tools and exercises in
the online course designed in this work had on
passing the exam within the academic year
2019/2020.

The video tutorials were appreciated as support tools,
with only positive judgments (50% = good, 28% = very
good, 22% = excellent). This result is confirmed by the
students that consider video tutorials positively for the
improvement of knowledge (89%) and skills (83%).
However, only 57% consider the video tutorials useful
for passing the exam, while 43% consider them not very
useful. This highlights the need for students to have
tools that allow them to practice computation,
compared to theoretical notions.

4. Conclusions

In this work, an online Java Programming tutoring
course was created and delivered through the Moodle
platform, which allowed the students with learning
difficulties to have an effective online tool to improve
their computational skills and knowledge, overcoming
the weakness and critical phases of their studies.

This was also possible thanks to the possibility of using
video tutorials and carrying out specific online
programming exercises.

Due to the lack of a tool to check the syntax quality of
the code written by the students, we implemented a new
software to achieve this goal. We therefore created a
new Tool (Interactive Tutor) which performed a syntax
analysis of the written code and, as a tutor,
automatically provided feedbacks and advice to
improve quality. This tool doesn’t require the teacher
intervention and speeds up the learning process.
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The results reported in this work showed the
effectiveness of the online tutoring course and a high
level of students’ engagement. The comparison
between the clusters obtained and the measured success
rate highlighted the impact that the course had in terms
of passing the exam. Cluster 0, which consists of active
students in the course, had a high success rate compared
to the others equal to 69%. Cluster 1, that involved
students with an average activity, had a lower exam
pass rate of 55%, while Cluster 2, which includes
students with low activity, had a percentage of 22%
exam pass rate.

The quantitative analysis, carried out by processing the
data extracted from the final questionnaire filled by the
students, reported excellent feedbacks in the students’
perception and satisfaction.

A future development of this work can consist in testing
the effectiveness of the online course here designed for
other university degree courses, to check the benefits
also for students of different-topic courses.
Furthermore, it could be important to improve the
interactive online tutor by developing a new standard
plug-in that easily allows the teacher to set the code
criteria, to check the quality of the code and allows
interoperability between different programming
languages.
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