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Abstract - Teaching and learning programming
languages is challenging in many ways. Students are often
more familiar with imperative paradigm, and therefore
programming languages that belong to declarative
paradigm are even more demanding. Logic programming
languages are usually taught when students already have
prior knowledge of programming concepts and logic. This
should make their learning easier, and also their perception
to which level they have mastered course content prior to
exam should be quite good. The paper describes analysis
and results from five-year research on a course where logic
programming is taught in the Prolog programming
language, and includes one year of online teaching.
Students’ feedback on their perception of understanding the
course content, especially practical part is analysed and
compared to their success in passing the course at the end of
the semester. Differences between perception and success
are discussed together with results of previous research of
learning problems perceived by students, with the aim of
investigating the role of opinions and perception in learning
analytics and improving the learning design of this type of
course.
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. INTRODUCTION

Logic programming, as part of declarative
programming paradigm, is often taught at computer
science study programmes as compulsory or elective
course. Declarative programming paradigm is considered
as contrast to imperative programming paradigm, which
has procedural and object-oriented programming as most
known representatives. Contrast relates to the different
way of encoding information and procedures. For
example, logic programming is based on logic and is
mostly used for representing declarative knowledge (facts
and rules) with reasoning (search) procedures already
defined in the programming language [1]. It is descriptive
by nature and programmers' task is to describe chosen
domain in a knowledge base by entering what is true [2].

Programming languages belonging to imperative
programming paradigm, such as C or C++, or
multiparadigm programming languages, for example
Python, are often taught at introductory programming
courses in the first year of undergraduate study. Logic
programming languages, whose most prominent
representative is Prolog [3,4], language that is based on
first-order predicate logic [5], are taught at higher years.
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Knowledge of those languages continues to be very
important - Prolog is today widely used in artificial
intelligence field [6,7,8,9,10] and it is well-known that it
was used for programming the parts of the the IBM's
Watson supercomputer [11]. Therefore it is important to
ensure that students understand the theoretical concepts
important for understanding and learning logic
programming.

Since logic programming is taught when students
already have prior knowledge of programming concepts
from previous programming courses and basic knowledge
of logic from mathematics course, this would imply that
they can learn new programming languages easier, but it
is also understandable that this may not be the case if they
belong to different programming paradigm. However, it
would be expected that they can relatively correctly
perceive whether they understand the course content well.
The purpose of the research presented in this paper is to
investigate whether this supposition is true, which can be
done by comparing students' perception of understanding
the course content with their success in passing the course.
Results can also help in better understanding how student
perception can be used in combination with learning
analytics and help in learning design.

The paper is organized as follows. In Section Il is
reviewed previous research on the problems in teaching
and learning programming in general as well as logic
programming and the use of learning analytics in
programming education. The research is described in
Section 11l and results of the student survey during five
year period are presented in Section IV, focusing on how
students perceive their understanding of the course content
in general and aditionally practical part, compared to their
grades. In Section V are presented concluding remarks.

Il.  BACKGROUND

Programming knowledge is today one of the most
important skills for prospective career. It is also one of the
skills that is not easy to teach and learn, because students
often have problems with understanding programming
concepts, feel fear or anxiety and have lack of motivation
[12,13,14]. They have different learning styles (for
example, alone or in groups), which combined with the
choice of programming language and the fact that
programming is actually a set of skills and involves more
processes, can make teaching and learning very difficult
[15]. Important elements in teaching programming to
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beginners are curricula (what to teach), pedagogy
(managing teaching and learnign process), choice of
programming language and type of tool for chosen
language (for example, visualisation tool or programming
support tool) [16].

Since logic programming languages demand different
approach to programming process than programming
languages that students are already familiar with, above
mentioned problems in teaching and learning do not
become easier with students' prior experience. Most of the
research about problems of teaching logic programming is
based on experience with Prolog, since it is the most
known and used logic programming language, with
common conclusion that the different programming
paradigm and its concepts are difficult to learn [17, 18, 19,
20], and therefore the same elements in teaching are
important as in beginner courses [16], with balancing
theoretical abstract and concrete practical approach, taking
into consideration different learning styles [19] and
structuring the teaching material properly [17].

Learning analytics is a discipline that is gaining
moment and growing in potential for use in education for
more than ten years, enabling collection, analysis and
understanding the data about learners (students) with the
goal to improve (optimize) the learning process [21].
Various methods of data collection and analysis as well as
tools can be used in different areas of application, such as
modelling user knowledge or domain, personalization or
trend analysis [21, 22]. The use of learning analytics
enables better understanding of students' learning process
and can improve learning support and teaching [23], as
well as retention of students [24]. Since it emerged, the
discipline was also used to understand the learning of
programming [25] with research oriented to tracking
students' activity and comparing it to tinkering and
changes in quality of programs [26] or tracking students'
progress in code development and exploring the
correlation with course performance and grades [27]. It
can also be valuable tool in detecting students that have
risk of failing some assignments or the programming
course [28], especially because very detailed data can be
gathered and analysed, including specific data during
programming, for example line-level edits [29].

I1l. RESEARCH

At the University of Zagreb Faculty of Organization
and Informatics (UNIZG FOI), from the academic year
2022/2023, the Introduction to Formal Methods course is
offered as a revised Introduction to Knowledge Modeling
course. The course redesign was also based on the results
of the research that included analysing a five-year data
(academic years 2016/2017-2020/2021) obtained from
student surveys and their course performance, including
final grades. The goal of the whole research was to
improve the quality of teaching and learning process. The
part of the research included comparison of students'
perception of their understanding of the content of the
course compared to the actual understanding that is
represented with their final grades.

At the end of each execution of the course students
completed surveys that collected information on
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TABLE I. ANNUAL NUMBER OF ENROLLED AND SURVEYED STUDENTS

No. of No. of % of
Year enrolled | completed | Q5 | Q6 | Q11 | Q 14 | completed

students | surveys surveys
2016 182 154| 154| 151| 154| * 84.6
2017 205 177\ 175| 177| 177| 176 86.3
2018 159 126| 126| 124| 124| 126 79.2
2019 165 144| 144| 144| 144) 142 87.3
2020 153 74| 74| 74 74| 74 48.4
Total 864 675| 673| 670/ 673| 518 78.1

understanding the course content, learning preferences,
problems in understanding the Prolog, as well as their
comments and recommendations. In Table 1 can be seen
that out of 864 enrolled students during 5 years, 675
completed the survey. After online classes during
COVID-19 pandemic in academic year 2020/2021 there
was a lower response to the survey. Number of responses
to questions that show students' perception about
understanding course contents in general and of the
practical part (Q5, Q6, Q11 and Q14) are also presented in
the table. In Question 5 students were asked to asses their
understanding of the course content in general and in
Question 6 to assess their understanding of the practical
part (exercises on computers); for both questions possible
answers were low, medium and high. In Question 11
students were asked to asses the ammount of learning
material for Prolog as insufficient, optimal or too
extensive, and in Question 14 to asses whether team
assignment helped them in learning Prolog (yes or no).

Learning outcomes adoption during each semester was
tested with several assesment elements that contributed to
final grade in the following percentages: two midterm
exams - 60% (each 30%), seminar paper - 30%, activity -
5%, and seminar attendance - 5%. Direct knowledge of
Prolog programming was assesed during midterm exams
with 45% of the exams points (27% of the grade),
knowledge of resolution reasoning procedure that Prolog
uses for reasoning with 31.7% of the exams points (19%
of the grade) and theoretical knowledge of logic needed
for understanding practical part with 23.3% of the exams
points (14% of the grade). Therefore, testing the practical
knowledge of logic programming (Prolog and resolution)
directly contributed to the final grade with 46%. In Table
2 are presented grades that students received after course
completion. For comparison with survey questions about
perception, grades are represented as low (grade 1),
medium (grades 2 and 3) and high (grades 4 and 5) course
understanding. Each point is 1% of the grade.

TABLE Il. ANNUAL NUMBER OF ENROLLED AND PASSED STUDENTS

Number of | Percentage of Percentage of Percentage of

Year enrolled | grades (1;0-49 | grades (2 or3; | grades (4 or5;

students points ) 50-75 points) | 76-100 points )
2016 182 31 67 2
2017 205 47 52 1
2018 159 41 54 5
2019 165 42 54 4
2020 153 53 47 0
Total 864 43 55 2
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IV. RESULTS

A. Student Perception of the Understanding of the
Entire Course and Exercises

Results were obtained using simple descriptive
analytics of student surveys and grades. Questions 5 and 6
focus on student perception how well they understand the
course content in general and additionally practical part —
exercises on computers. Fig. 2 shows the results of the
perception of understanding the entire course content (the
theoretical knowledge of logic, knowledge of reasoning
procedure and knowledge of logic programming). It is
evident that the students to the greatest extent (73%-81%)
perceive an average understanding of the entire course
content. The remaining students perceive their
understanding of the entire course as low (9%-18%) and
high (7%-11%) throughout the observed years. The
overall perception of the entire course content presented in
Fig. 3 shows that on average 77% of students perceive
their understanding of the entire course as a medium, 14%
as low, and 9% as high.

Similar results were obtained when perceiving
understanding of the exercises on computers (logic
programming in Prolog) was observed. According to Fig.
4 and 5, students still perceive the understanding of the
content of the exercises as medium (67% in total or 57%-
71%, depending on the observed year). The only
difference (in terms of the perception of the overall
content) is that more students perceive the understanding
of the exercises as high (22% overall, i.e. 9%-31% over
the years), and slightly fewer students perceive it as low
(11% overall, 3% -22% throughout the observed years).

PERCEPTION OF UNDERSTANDING THE CONTENT
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Figure 2. Perception of understanding the content of the entire course
(2016-2020; N = 673)

OVERALL PERCEPTION OF UNDERSTANDING THE CONTENT OF THE
WHOLE COURSE
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Figure 3. The overall perception of understanding the content of the
entire course (2016-2020; N = 673)
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Figure 4. Perception of understanding the content of the exercises
(2016-2020; N = 670)

OVERALL PERCEPTION OF UNDERSTANDING THE CONTENT OF THE
EXERCISES

u High = Medium = Low

Figure 5. The overall perception of understanding the content of the
exercises (2016-2020; N = 670)

Comparison of students' perceptions of understanding
the course content (entire or only exercises) and final
grades (Fig. 6. and 7.) indicates considerable differences
between the perception and the real understanding of the
content. According to the analysed data, 43% of all
students had a low understanding of the course content
(they achieved 0-49 points at assesment elements during
semester and did not successfully pass the course). The
data show that a majority of all students, 55%, showed a
medium understanding of the course content (between 50
and 75 achieved points). The actual percentage is
admittedly lower than the perceived one (concerning the
content of the entire course and the exercises). However, it
is still the closest to perception. Moreover, only 2% of all
students (as opposed to 9% and 22% according to self-
perception) showed high understanding of the course
content (according to 76-100 achieved points).

PASSING THE COURSE ACCORDING TO THE
ACHIEVED RESULTS
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Figure 6. Passing the course according to the achieved results (2016-
2020; N = 798)
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PASSING THE COURSE ACCORDING TO THE ACHIEVED RESULTS

® 0-49 points  ® 50-75 points  m 76-100 points

Figure 7. Passing the course according to the overall achieved results
(2016-2020; N = 798)

Previous research with other survey information about
bigest problems in mastering the Prolog (syntax,
logic/semantics, reasoning  procedure, declarative
paradigm, and examples used in class) identified
declarative paradigm as the biggest problem and other
elements as less problematic [30], which additionally
contributes to student perception that they understand
practical part of the course at least at the medium level.

B. Student Perception of the Learning Materials and
Team Assignments

Additional information about student perception of
their understanding of the course can be obtained with
Questions 11 and 14, since practical knowledge of logic
programming (Prolog and resolution) directly contributed
to the final grade with 46%.

Answers to Question 11 show whether students think
that the ammount of learning material available is optimal
for learning, thus indirectly showing how they perceive
their understanding. Most students over years answered
that the ammount was optimal (as shown in Fig. 8). In
total, 87% of students believe that the material that
includes exercises for learning the basics of Prolog is
optimal, 8% that it is too extensive and 5% that it is
insufficient. When compared to grades in Table 2, even
bigger difference can be noticed than with Questions 5
and 6. Although it must be taken into account that this is
indirect indicator with smaller significance, the difference
is too big to be dismissed.

Students were given team assignments from academic
year 2017/2018, because survey from previous year
showed that they think that it would help them to better
learn Prolog. This is why results for Question 14 in Fig. 9.
that explore how students perceive the role of team
assignment in understanding Prolog are not given for
academic year 2016/2017. Possible answers were yes and
no, so they can not be compared in the same way with
grades as previous questions. Additionally, givent that
results show that on average little more than half of
students - 60% - think that the team assignment helped
them in understanding Prolog and that practical
knowledge of logic programming directly contributed to
the final grade with 46%, results from this question can
not give valid information whether students perceive their
understanding of the course content correctly.
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Figure 8. Student perception of sufficient amount of learning
material (2016-2020; N = 673)
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Figure 9. Student perception of the additional team assignments as help
in learning Prolog (2016-2020; N = 518)

The paralel with the previous research [30] mentioned
in subsection IV.A can be applied also here. Results of
this research about problems in learning Prolog [30] show
that students think that the language itself does not present
a problem, although they consider declarative pardigm as
one. Most of the students do not perceive practical
application of Prolog, which decreasses motivation and
consequently understanding, as well as final grade [30].

V. CONCLUSION

Following the research, the complexity of the details
that need to be taken into account and the importance of
the students' opinion can be seen. In the previous
research, the contemporary importance of Prolog and the
paradox of its unpopularity was pointed out [30]. Also,
problems in learning its basics through theory and
practice were analysed and the effort invested in
motivating students, creating exciting materials, and
challenges in teaching methodology and achieving results
within the online environment forced by COVID-19
pandemic were described [30].

To more understand the problems students face when
learning logic programming, in this research student
perception of the understanding of the course content was
analyzed and then compared with the grades at the end of
the semester. Results of the comparison showed that
students perceive their understanding of the course
content higher than the grades can confirm. Only 14% of
students perceived their understanding of the entire
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course content as low, and most of them (87%) thought
that the ammount of material is optimal, but 43% of them
didn't pass the course after assesment during semester. In
this case only final grades were taken into consideration,
but many other elements of programming can be analysed
and the difference in perception of understanding specific
elements and real understanding can give valuable
information, if observed throughout semester to enable
adjustment of teaching pace and other teaching elements.

It is also necessary to refer to the shortcomings of the
research. In the first observed year there was only one
teaching assistant (later were two), which can possibly
explain less negative grades in this year. In the first year
there was also no team assignment, which can affect the
results to some extent. In the last observed year teaching
was conducted only online, resulting in significantly less
completed surveys, again affecting the result to some
extent. It is interesting that in this last year answers to
questions were relatively similar, but it was the only year
in which there were more negative than positive grades.

Future research will include analysis of other student
engagements throughout semester and comparison with
specific assesment results and assesment timing. Analysis
of student perception of their understanding will be
performed throughout semester and compared to results
of assesements with the goal to optimize student learning
processs and course performance.
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