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Abstract: There have been some hindrances in the pro-
cess of programming learning. An adaptive learning sys-
tem, such as ELaC, Java Guide, and Java Grader provides
an adaptable learning content that can accommodate the
learning styles as well as preferences of each learning in-
dividual. Moreover, an adaptive learning system can help
students of different capabilities in learning programming.
This study examined the outcomes of the implementation
of an adaptive learning system in programming learning,
aswell as somefinding results thatwere conducted accord-
ing to the Systematic Literature Review framework. The
research questions of this research were: problems faced
during learning of programming as a background of sys-
tem development, advantages and disadvantages of the
system characteristics, technology, features, and effective-
ness of the developed adaptive learning system. This re-
search produced concepts that are summed up upon the
related resources. The results of this study summarized
whether the use of adaptive learning systems in learning
programming could overcome the problems encountered
during the learning process.

Keywords: adaptive learning system; programming learn-
ing

1 Introduction
Adaptive learning appeared in the 70s in connection with
researchwork on artificial intelligence; this concept is very
present today in the educational world [1]. It is a pedagog-
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ical method based on the use of computers as interactive
teaching devices. It adapts teaching resources according
to the learning needs of students based on pre-determined
knowledge state or self-directed study on a particular sub-
ject or topic [2, 3], which are identified through answers to
questions, exercises, and experiments. In adaptive learn-
ing, each learner is unique in their learning process, and
in order to reduce the risk of discouragement in the face
of only uniform and collective teaching, some digital re-
sources and software can be used to help the learner.More-
over, its activities can respond to a learner’s needs in real-
time, facilitating the development of higher-level skills, in-
cluding bringing together knowledge from different disci-
plines to solve real-world problems [4]. Adaptive learning
allows learningwithout time and classroom restrictions. If
an adaptive learning system is well developed, it will pro-
duce the same effectiveness as classroom learning [5, 6],
even better [7–11].

Adaptive learning activities also deliver custom
learner, through just-in-time feedback, multiple pathways
through the material, and access to additional resources,
based on the student’s performance or preferences. In
addition, the benefit of adaptive learning is that its tech-
nology can create student-centered learning [12]. This new
technology in education is the "equalizer" that provides
students with greater access and opportunities, regardless
of their background [13] and will also increase chances to
offer new learning experiences for students in traditional
classrooms or lecture-based learning [14]. In practice,
adaptive learning can be applied to LearningManagement
Systems (LMS) or adaptive e-learning.

The implementation of LMS is nowwidely used that it
has been included in some learning courses. LMS is a new
paradigm in education [15]. In [16], research has stated,
LMS provides enough features that can support the learn-
ing process. Nonetheless, the implementation of LMS also
has some disadvantages; one of them is that the use of
LMS cannot copewith all students’ characteristics in learn-
ing. As part of the rapid development of information and
communication technologies, the LMS has been improved
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with the ability to adapt to the demands of the individual
user and be defined as an adaptive learning system. The
adaptive learning system offers to apprehend the students’
knowledge and to provide appropriate learning that canbe
adapted and personalized to the needs of each individual
learner [12, 17, 18]. For the purpose of analyzing difficul-
ties in activities that occur in adaptive learning, [19] has
proposed a measurement procedure.

Meanwhile, in the process of learning a programming
language, practical exercises are essential to enhance the
learner’s skills. Furthermore, the students may also need
to have extra guidance from the experts. The problem of-
ten faced by students is the difficulty in making program
algorithms (problem-solving) [20, 21]. In addition, the pro-
cess of transforming the algorithm into the program code,
and the lack of understanding of the program structure are
also constraints [22]. The developed adaptive learning sys-
tem can provide the additional practical exercises needed
besides the lesson in the class and reduce the workload
of assessing the student’s assignment. According to [23],
the use of adaptive e-learning increases learning efficiency.
Some LMS developed for programming lessons have been
provided with the adaptive model [24, 25], such as ELaC,
Java Guide, Java Grader, Adaptive Moodle, ELM-ART, and
Protus.

This study aims to investigate whether the implemen-
tation of the developed adaptive learning systems that
have been used for the past years could overcome the prob-
lems faced by the students who take such a programming
course. This work also examines the published papers on
the lacks, advantages, technology, features, and the final
result of the used systems.

The remaining paper is structured as follows. The pro-
cedure of conducting a review of the related literature

is elaborated in the next section. The third section will
present the findings and the evaluation from the review of
the literature. The final section is the conclusions.

2 Research Methodology
This literature review was conducted according to the Sys-
tematic Literature Review framework [26]. The research
procedures compassed as follows (see Figure 1). The first
step is to identify the purpose of the literature review. The
purpose of this study is to summarize and to study the use
of the developed adaptive systems in the learning process
of the various programming language, whether the imple-
mentation of the systems was beneficial for the students
to comprehend the concept and helped them to face the
problems found in the process.

Figure 1: Systemic Literature Review flowchart

The next step is to find some related resources. The
software Mendeley Desktop was utilized to cite the pub-
lication channels, and Excel spreadsheets were used to
achieve the information on the developed adaptive sys-
tems, such as the adaptive features, the advantages of the
used systems, some drawbacks that were found in the pro-

Table 1: The number of reviewed papers based on types

Journal Proceeding Book Chapter Name of Books/Journals/Proceeding Articles
× Procedia – Social and Behavioral Sciences 1

× IEEE Transactions on Education 1
× Machine Learning Paradigms: Intelligent Systems Reference

Library
1

× Advances in Intelligent Systems and Computing 1
× Computer Applications in Engineering Education 2
× Computers & Education 1
× Journal of Computer Assisted Learning 1
× International Journal of Artificial Intelligence in Education 1

× IEEE International Conference on Advanced Learning Tech-
nologies

1

Total 10
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cess or what can be improved from the system, and the re-
sult of the proposed approach.

The review was done systematically over articles in
journals, proceedings, and books chapter that was pub-
lished between 2001 and 2020. The papers were selected
mainly by using the keywords and hints that were relevant
and could achieve the purpose of the study. The keywords
usedwere "programming course", "intelligent tutoring sys-
tem", and "adaptive system". After searching the literature
using several pre-determined keywords, ten papers were
obtained from several sources (see Table 1).

The research questions raised in this review literature
were: what problems faced during learning of program-
ming (RQ1); advantages and disadvantages of the adap-
tive learning system characteristics (RQ2); technology, fea-
tures, and effectiveness of the developed adaptive learning
system (RQ3).

The final step is to write and summarize the results of
the reviewed resources.

3 Answering Research Question
Based on ten papers that have been obtained from the
search, it was found nine adaptive learning systems for
learning programming that has been developed, namely:
Personalized E-Learning [27]; ElaC [28, 29]; Java Grader
[30]; Adaptive Moodle [16]; JavaGuide [31]; ELM-ART [32];
Protus [33]; FIT Java Tutor [34]; and OPCOMITS [35]. Based
on the literature obtained, the development of adaptive
learning systems for learning programming is still very few
in number. Next, research questions will be discussed for
each adaptive learning system.

3.1 Problems Faced during Learning of
Programming

Taking programming courses requires some skills, so at
the end of the courses, the student could develop a prod-
uct or more that could be beneficial for others. If they
could, the product could give a big prospect in the future;
it could be some newly developed systems or some inno-
vation that could help people. It requires skills in critical
thinking, problem-solving, computational thinking, and
new system designs, as is said in research. There have
been some related resources that discuss programming
learning courses. However, none of those sources said
that the learner encounters difficulties understanding the
study that requires an abstract concept, such as program-

ming [24, 36, 37]. Students often faced with some difficul-
ties in making a program algorithm or syntax in which re-
sulting in an error result [24]. They find it difficult to im-
plement from the ideas of the application they want to de-
velop into computer code, due to the need to know and re-
member of the syntax to be used and also to think of the
steps to take in order to resolve the problem that the pro-
gram was made for.

Table 2 shows the backgroundof the problems faced in
learning programming in each adaptive learning system.

From the table, it can be seen that themajority of prob-
lems in the development of adaptive learning are different
backgrounds and characteristics of students, such as mo-
tivation, learning styles, prior knowledge. This is in line
with what was stated by [13]. Meanwhile, Java Grader, the
problem faced is how to check automatically the program

Table 2: Problems faced as a background of developing the adap-
tive learning system

Adaptive
Learning
System

Problems faced

Personalized
E-Learning

obtaining an optimal learning process or
material according to their learning status;
students’ weaknesses in fundamental con-
cepts of computer programming

ELaC diflculties in obtaining student’s back-
ground, knowledge level and misconcep-
tions

Java Grader Themanner of comparison of programcode
entered by
the student and expected program code
which is given as a solution

Adaptive
Moodle

low students’ motivation and grade

JavaGuide diflcult to understand the guidance be-
cause of different starting knowledge;

ELM-ART no help and guidance from the teacher
when students learn from home or outside
the classroom

Protus students cannot be treated in a uniform
way because of their prior knowledge, cog-
nitive abilities, learning styles, motivation

FIT Java
Tutor

lack in problem-solving; many systems
rarely consider how to support learner
groups

OPCOMITS each student’s learning rate, level of knowl-
edge interests, motivation, ability, and
characteristics differ from each other
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code made by students, whether it is as expected or not.
The lack of guidance from the teacher when learning out-
side the classroom is also a problem, as mentioned in [32].
Related to efforts to increase student motivation, adaptive
learning systems can be added to the reward system fea-
tures for students who have successfully completed cer-
tain levels of learning [38].

3.2 Advantages and Disadvantages of The
Adaptive Learning System
Characteristics

With the implementation of LMS, the learners get to be ac-
tive and independent on their ability as a self-learner [39],
in which they got to choose their own time, the learning
content they needed, and/or even reviewing the past learn-
ing materials so they could apprehend the learning con-
cept at their pace. The presence of the developed LMS that

was used has provided a lot of advantages, in which the
learners could gain maximum learning experiences [40].
In the adaptive learning system, adaptivity defined as the
ability to integrate into the user’s characteristics, whereas
adaptability in a learning system indicates the capability
to let the usermaking necessarymodifications on utilizing
the system’s delivery of the learning content [40].

The characteristics of adaptive learning based on [41]
perspective consent of learning individuals: adaptive
learning is independent learning centered on the learner;
individualized learning, lets the system adapted to the
individual learner; personalized learning; self-monitoring
learning. Adaptive learning could adjust the problems and
the weight of the materials given to the learners based on
the knowledge level. The adaptive learning system’s fea-
ture could serve as guidance with the returning feedback
from the learner’s accomplishments [12] to emphasize the
adjustment required to the learner’s learning style. As for
the personalized learning and self-monitoring, in [12] de-

Table 3:Model used, advantages, and disadvantages of adaptive learning system

Adaptive
Learning
System

Model/ApproachAdvantages Disadvantages

Personalized
E-Learning

Expert providing personal guidance andappropri-
ate learning material to each student

using multiple choice in exercise

ELaC Student,
Instructional

improving the eflciency of the adaptation
of instructional process

focusing in student model

Java Grader Student,
Instructional,
Expert

helping the students who were not pre-
pared of haven’t learn programming inde-
pendently; provides the information about
the students’ knowledge level

additional installations of development
environments for each student

Adaptive
Moodle

Expert using FSLSMmodels which is suitable pro-
posed manner for detecting the students’
learning approach

lack in validating the attained precision
of the automatic detection approach

JavaGuide Expert providing attempts on different complex-
ity levels; helps the student’s inperceiving
diflcult concepts

not available for mobile devices

ELM-ART Instructional,
Expert

high achievement for students lack in collaboration or course monitor-
ing

Protus Expert guiding students to the appropriate mate-
rial and providing useful additional expla-
nation

no evaluation if the student had gained
any profit

FIT Java Tutor Instructional,
Expert

— some of the features provided by the sys-
temwere less likely to catch the students’
attention

OPCOMITS Expert,
Student

performed a better result than the tradi-
tional teaching

students are obliged towait for the teach-
ers validation to continue to the next
stages; using multiple choice in exercise
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scribed that the learner should be able to take control of
how to access the appropriate resources and know at what
level they have achieved.

In [40] has amplified the advantages of the implemen-
tation of adaptive learning systems, those are: well man-
ageability, as adaptive LMS is capable of displaying al-
ternative learning pages according to individual’s learn-
ing characteristics, [17, 32] has stated that adaptive learn-
ing system has an advantage of presenting a convenient
learning environment that could be adaptable according
to the learner’s learning style. The adaptive learning sys-
tem is letting the user set their preferences, as well as ad-
justing and applying automatically the materials that can
accommodate the learner’s needs. With an orientation to
broader user groups, the adaptive model educational sys-
tem is also called the intelligent agent as not only could be
customized to the user’s needs, but it also could be used
by groups of learners that have similar learning charac-
teristics. The adaptive learning system could accumulate
similarities out of the users’ characteristics in order to cre-
ate the information needed to estimate on how the system
should deliver the learning materials based on the level of
each user’s knowledge.

Eachadaptive learning systemdevelopedhasdifferent
characteristics and model approaches. The approaches or
models generally used by the adaptive learning system are
studentmodel, expertmodel, and instructionalmodel [42].
Ideally, an adaptive learning system uses all three of these
approaches.

Table 3 presents the adaptivemodel approach used for
each adaptive learning system, as well as the advantages
and disadvantages. Based on this, Java Grader is the only
system that uses three models/approaches in the system.
Most other systems still use one or two approaches. How-
ever, Java Grader has the disadvantage that there is still
a need for an environmental installation in each student.
The development of mobile-based adaptive learning sys-
tems is also still very potential; this is because there are
still not many systems based on this.

3.3 Technology, features, and effectiveness
of the developed adaptive learning
system

Research has reformed some ideas that could support the
student in assimilating the conceptual knowledge of pro-
gramming [43], and one of his proposals is to use an on-
line system as the students could be given some addi-
tional practices to gainmore experiences inmaking a com-
puter program. Online-based educational systems can be

as or evenmore effective than traditional teachingway [32].
As [36] have concluded, increasing the practical lessons
had an impact on developing students’ ability in program-
ming and numerical courses, as the students could gain
more experience in understanding the concepts. Themore
the practical lessons, learning situations, and materials
are done by the students, the more improved the learning
takes place [37].

However, the given additional practices mean extra
workloads to be checked, inefficient, and consume too
much time. The developed adaptive learning system could
help the teachers in evaluating the assignments given to
the students. On the other hand, by using an adaptive
learning system, the students would have more innova-
tions in resolving the problem as it is not only based on the
teacher’s perceptions. The adaptive learning system will
give sufficient feedbacks required by the students.

As learning of programming needs supervision from
the expert, the developed adaptive learning system could
also help by giving the appropriate guidance and propos-
ing suitable ways of delivering the learning material [27].

Related to RQ 1, each adaptive learning system that
has been developed has features according to their needs.
Table 4 shows the technology and features that exist in
each system.

From these results, the adaptive learning system that
provides adaptation to student learning styles using ILS
and FSLSM, such as those in Personalized E-Learning, Pro-
tus, and Adaptive Moodle. In addition, from the various
features available, the only adaptive system that has a fea-
ture to accommodate collaborative learning is FIT Java Tu-
tor. Meanwhile, Java Grader is a system that allows stu-
dents to develop their kinesthetic abilities in writing pro-
gram code. This is due to the live coding feature.

The second column of Table 4 shows the list of the de-
veloped adaptive learning that experimented on the learn-
ing process of programming learning courses. The major-
ity, the developed adaptive systems are still oriented to-
wards learning the Java programming language. Based on
this, it is still very potential to develop adaptive learning
systems for learning other programming languages that
are currently popular such as Python, C ++, PHP, and oth-
ers. Next will be discussed in more depth about the fea-
tures and effectiveness of each system.

Personalized e-learning is an adaptive learning sys-
tem that used three personalized information to impose
adaptive materials for individual students, which are per-
sonalized learning problems, learning achievements, and
learning styles as adaptive support. Problems in Person-
alized E-Learning illustrate the relationship between con-
cepts and their effects. To accomplish at some level, the
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Table 4: Programming language, technology, and features for each adaptive learning system

Adaptive
Learning
System

Language Technology Features

Personalized
E-Learning

Basic enhanced concept-effect relationship
model; adapting supplementary mate-
rial; using Index of Learning Style (ILS)
questionnaire to determing personalized
learning style

personalized learning style, learning
achievement, and learning problems

ELaC C using parameters of the particular student
model: prior knowledge of programming,
knownprogramming language, and knowl-
edge level

feature to identify the needs, background
and the prior knowledge of the learners

Java Grader Java live coding and compiling; KNN algorithm
for selecting section

provides learning path and teaching ma-
terial for each student in accordance with
his shown knowledge; gives students’ ac-
quired knowledge information to teacher

Adaptive
Moodle

Procedural Weka algorithm for data preprocessing,
classigication, clustering, association
rules, and visualization; using Felder-
Silverman Learning Style Model (FSLSM)

automatic detection of learning styles; dif-
ferent presentation for each learning style

JavaGuide Java using QUIzJET (Java Evaluation Toolkit), a
system for authoring, delivery, and evalu-
ation of parameterized questions for Java

individual progress-based adaptation;
groupwise time-based adaptation; adap-
tive annotation for individual questions

ELM-ART LISP multi-layered overlay model and an
episodic student model

adaptive electronic textbook; adaptive
navigation support; course sequenc-
ing; individualized diagnosis of student
solutions; and example-based problem-
solving support

Protus Java using ILS (Index of Learning Styles) to de-
termine learning style pattern; AprioriAll
algorithm to find frequent sequence of
navigational pattern in each learning style;
using collaborative filtering approach to
generate recommendations

consists of five functional modules; do-
main module, learner model, application
module, adaptation module, and session
monitor

FIT Java Tutor Java using ITS middleware architecture with
machine learning techniques that are ca-
pable of automatically inferring structures
from data sets consisting of student solu-
tion attempts and sample solutions

provides instructional support for prob-
lemsolving, to structure learning re-
sources taking into account learning
objectives, to support exploratory and
collaborative learning, and to enable a
learner to adapt the environment

OPCOMITS OOP using concept map model measures the level of student’s knowl-
edge about a topic; offers reinforcing feed-
back; diagnoses students’ weaknesses
and directs them to related chapter topic
in the domain for revisions
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students must attain some essential concepts. After some
evaluation based on the students’ answers on any given
tasks, the system will adjust the learning guidance based
on the concept-effect analysis. Then, there is a personal-
ized achievement that was estimated based on the level
that the students could achieve after completing the tasks,
measured as low, moderate, or high level. This will deter-
mine the supplementary of the learning materials needed,
which were formatted and calculated based on the person-
alized learning styles and the information of the students’
answers on the ILS questionnaire, to later onset the presen-
tationmodel that could suit the students liking. The result
of Personalized e-learning study deliberated that the nor-
malized pre and post-conceptual result has gained about
0.70, which indicated that the progression of their knowl-
edgewashigh. Thedeveloped adaptive learning systemen-
vironment also proved that an online learning systemwith
appropriate learning and suitable guidance based on the
learning performance has resulted in a positive response
from the students. Most of the students found that person-
alized learning has improved their strength and enhance
their skills to gain a better concept in programming.

OPCOMITS also has similar featureswith Personalized
e-learning proposed a model on an adaptive learning sys-
tem. The systemwasdesigned tobe able to assign the chap-
ter based upon the learners’ knowledge by completing the
previous subject. Otherwise, if the students couldn’t pass
the chapter, they couldn’t get through the next stages. The
system also has leveled achievements. Hence, the systems
haven’t improved as the students were obliged to wait for
the teachers’ validation so they could continue to the next
step. The outcomes of experiments on the implementation
of their work returning a result in which the students’ who
hadbeen treatedwith theOPCOMITSperformedabetter re-
sult than the students who learned through the traditional
e-learning.

In ELaC, the system adapts to the students learning
model that could identify the needs, background, and
prior knowledge of the learners. The evaluation of ELaC
shows that it improves the efficiency of the instructional
process; by adapting the sequence "on the fly," learners’
were helped to accomplish and exceed their performance.
The new proposed model provides even more improved
learning results to the learners, reducing simultaneously
the time that a learner has to fulfill the e-training course.

JavaGrader is a utility that has an algorithm that could
support the process of adaptive learning methods so the
system could decide on the choices of the teaching mate-
rials, contents, number of illustrative examples, and tasks
depending on the learner’s knowledge level. Java Grader
can obtain information on the students’ knowledge level

and result during the online learning process. The learn-
ing approach was proven to help the students who were
not prepared to learn programming independently, yet it
improved the students’ level of knowledge and encourag-
ing the students to be self-independent learners. Students
were indicating a good satisfaction level of using the adap-
tive learning process, as they feel that the approach im-
proves their ability to gain more and better knowledge.

Adaptive Moodle was designed with an ability to au-
tomatically detects the learning preferences based on the
learner’s both behavioral and knowledge standards. The
designed Moodle also offers the learning courses that can
be adapted to the students learning styles and knowledge.
The students’ who had been treated with this approach
were most likely to gain more motivation in learning and
find the Moodle make the learning seems easier to appre-
hend. The experiment of the implementation of Adaptive
Moodle has proven to gain the students’ grades on their
mid-term exam. The proposed manner is suitable for de-
tecting the students’ learning styles that were integrated
with the FSLSMmodels. However, unfortunately, this treat-
ment is not suitable for stimulating collaborative learning.

JavaGuide promotes adaptive learning by developing
adaptive navigation support. Although the navigation sup-
port was responded positively by the student, the sys-
tem should have provided better feedback for the self-
assessment. Adaptive annotations provided by JavaGuide
for QuizJET quizzes positively influences students’ learn-
ing. Adaptive navigation support provides a stable effect to
promote attempts across different complexity levels. Stu-
dents accomplished a higher performance in their quizzes
using JavaGuide rather than the groups without it. Adap-
tive guidance encourages students to finish their work ear-
lier. 87.10% responded positively with the use of JavaGuide
and admitted that it helps them in perceiving the difficult
concepts of the learning materials.

ELM-ART has features such as adaptive link annota-
tion and direct guidance of the course material that gave
81.8% learners (without previous programming knowl-
edge) returning a correct solution of the problem tasks
given, and this indicates that the use of adaptive features
in ELM-ART returning a good impact. This system also pro-
vides some adaptive program examples recommendation
based on the knowledge level, yet the adaptive examples
were used not very often. However, in the case where the
students need more examples, this feature turned out to
be very helpful. Many users (especially in the advanced
knowledge level) did not need the frame on the right side
of the window, and especially they did not need the field
to note individual remarks. ELM-ART gives adaptive nav-
igation support that allows students to complete the les-
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son more quickly, as ELM-ART could be accessed from ei-
ther in the university or other places. Unfortunately, ELM-
ART’s intelligent diagnosis that has been used as adap-
tively auto-evaluated the questions each individual user
failed to present understandable feedback, and there is no
parentheses matcher to support coding programs.

Protus was designed to adapt to the learners learn-
ing styles (Information Processing - active/reflective; Infor-
mation Perception - sensing/intuitive, Information Recep-
tion - visual/verbal, and Information Understanding - se-
quential/global) and gives some recommendation of the
learningmaterials that suit their preferences. In fact, More
than 70% of learners considered the system convenient; it
successfully guides them to the appropriate material and
provides them with useful additional explanations. Other
than that, 63% and 64% of the learners are satisfied with
the speed-accuracy, the article was processed faster while
workingwith the system,more than 60%of learners found
the system adaptive. This study also found out that the
experimental group continuously completedmore lessons
successfully than the control group. There are still some
lacks in this system, such as programming coursework in
any other programming language that was not assessed,
and there isn’t evaluation that couldmeasure if the student
gained any profit from the recommended feature.

With FIT Java Tutor, the students get to choose their
preferences onwhether theywant to get the feedback from
the system or not. The system returns some insights and
some improved answers that could help the students in
making theprogram tasks. The students can set their learn-
ing mode (course-oriented view, problem-oriented view,
resource-oriented view, concept-oriented view). The level
of the tasks given is set to suit the students’ level of knowl-
edge. However, someof the views/features provided by the
system were paid little attention to the students. The stu-
dents that were given problems at a different level within
the obtained learning process could have some problems
in apprehending the teaching materials.

All of the reviewed adaptive learning systems have
proven to exceed the students’ competence in following
the learning process due to the ability of the system to reg-
ulate the learning methods, materials, and tasks with dif-
ferent kinds of adaptive approaches as their features based
on the personalization based on the students’ knowledge,
behavioral, and learning styles. With the use of personal
adaptation, the students’ could perceive more innovation
other than what they could have got in the class, and that
could suit each students’ needs.

As the adaptation is appropriate for the students’ in-
dividual characteristics, they could complete the learn-
ing more quickly and independently, as what has been

concluded in the implementation of Java Grader, ELM-
ART, Protus. The students also gained more motivation in
learning programming, as described by the results of ELM-
ART and Protus implementation, in which students are re-
ported to have gained strength to finish their tasks earlier
than the traditional approaches. On conceptual compre-
hension, most of the reviewed studies have returned that
the implementation has improved the students’ knowl-
edge of programming.

Although learning styles have been criticized over the
past years, integrating the learning styles of each student
with the learning materials improved to be profitable for
the students. A lot of developed systems have been pro-
posed to accommodate the adaptation of educational ma-
terial to adjust with the students’ learning styles is proven
to return some benefit for them [16].

4 Conclusion & future work
This study presents a summary of the experimentation of
programming learning with the integrated adaptive learn-
ing system. Based on the literature obtained, the develop-
ment of adaptive learning systems for learning program-
ming is still very few in number. The results of the review
found that in general, the problems as a background for
the development of adaptive systems are: different back-
grounds and characteristics of students, such as motiva-
tion, learning styles, prior knowledge of students. Besides
that, from the adaptive system that has been developed,
not many systems have applied all three adaptive models:
student model, instructional model, and expert model.

Although most systems are developed for learning
Java programming languages, the developed adaptive
learning system has various kinds of features to offer
that could support adaptable learning processes such as
adaptive navigation support, adaptability to the students’
knowledge, behavior, learning styles, andadaptive subject
material learning. The adjustment of the learning system
was set by the obtained information from the students’ ac-
tivities on the online learning, using a questionnaire that
the student has to fill in beforehand or by the algorithmem-
bedded in the system based on the behavior or the knowl-
edge achieved.

The results of the review also found that most systems
still focus on the adaptation features for students person-
ally or individual learning, not support collaborative learn-
ing and cooperative learning yet.

Almost all of the reviewed study in the implemented
adaptive learning systems in programming learning re-
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turning a good result in enhancing the students’ ability
in learning the programming concept, as the students’ get
more motivated in learning, this due to the facts that the
students’ that has been treated with the adaptive learn-
ing systems completed their tasks and the coursematerials
earlier than the groups without the implemented system.

Nonetheless, not all of the features that were offered
were used to help the students better in completing their
tasks, especially for improving and assessing students’
kinesthetic ability of coding. Most of the implemented sys-
tems also did not return the type of errors that were made
by the student. The system onlymatches the codemade by
the students with the expected answer from the teacher or
by the system, while there could be lots of methods that
return the same result.

Finally, as future work, an adaptive system for learn-
ing programming that uses all of three adaptive approach
models can be developed more, and also supported by
adaptive features for cooperative and collaborative learn-
ing. In addition, the system that can be run in any device
or platform can also be developed for learning other pop-
ular programming languages at this time, such as Python,
PHP, C++, andothers. It is also strongly recommended that
there be features for analyzing program code created by
students. The analysis that can be done is related to syntax
errors, andalso algorithmic, or even the level of readability
of the program code. With this feature, students can eval-
uate their kinesthetic ability in coding. Themore often stu-
dents practice writing program code in a guided manner
through an adaptive system, their programming abilities
will be improved.
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