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Abstract - The goal of the study was to learn more about 

differences in academic performance, teaching, and 

assessment between introductory programming courses in 

Portugal and Serbia. Data about a selection of higher 

education courses were compiled and a comparison of 

student performance and methods employed in the 

classroom was performed. The obtained results are expected 

to serve as a basis for subsequent research on how to 

improve the current teaching practice in the two countries.  

I. INTRODUCTION

Basic programming education has become ubiquitous 
in higher education all over the world and it is now a 
common part of various study programmes in science, 
technology, engineering, and other areas. As programming 
is being taught to a large number of students, there is a 
great pressure to provide satisfactory education. This in 
turn is expected to facilitate wider application of 
information and communications technology (ICT), which 
should bring various benefits to the society. Nonetheless, 
programming is usually considered to be a complex skill 
and many higher education institutions (HEIs) are faced 
with the problem of students struggling to complete their 
courses on introductory programming. 

Any novel teaching method or technique that aims to 
improve learning of programming would be more valued 
if it could be successfully applied in different courses and 
across multiple countries. However, each course is unique 
in terms of its students, teachers, and the overall 
educational context in which it is organized. In addition to 
national regulations and HEI policies, teacher’s decisions 
and sometimes even those of students may affect the 
structure, requirements, and outcomes of a course. Still, 
course comparison, which may not be an easy task even 
for two courses on the same subject, could provide useful 
information when devising improvements in teaching. If 
an improvement is to be generally applicable, it would 
need to be evaluated in different environments that have 
already been studied and sufficiently understood 

In the present study, we examine and compare two 
groups of courses in higher education that are devoted to 
introductory programming, a group of courses from HEIs 

in Portugal and a group of courses from an HEI in Serbia. 
This study represents an initial phase of a bilateral 
research project whose aim is to propose improvements to 
information technology (IT) teaching practice in Portugal 
and Serbia. In this initial phase, we are concerned with 
collecting anonymised data about selected courses on 
introductory programming, processing the data to obtain 
comparable data sets, exploring and contrasting the data 
sets, and discovering more about potential challenges in 
course execution in particular countries. Once the critical 
areas of improvement are identified, we may design 
concrete interventions and perform evaluation, which is 
the subject of subsequent phases of our project. 

II. RELATED WORK

Portugal and Serbia are European countries of 
comparable size and population. Unlike Portugal, Serbia is 
not part of the European Union (EU), but it has entered 
the negotiation process to become a member. 
Nevertheless, the use of ICT in enterprises in Serbia is 
comparable to the corresponding level in the EU and, for 
some indicators, above the EU average [1].  

Both countries are part of the Bologna process and are 
full members of the European Higher Education Area 
(EHEA) [2]. As a result, in these countries, the higher 
education systems are organized around the three-cycle 
format (bachelor’s, master’s, and doctoral degrees). 
Moreover, science, technology, and engineering appear to 
be prominent areas of higher education in the two 
countries. In Portugal, the annual number of students who 
completed their studies in areas related to science and 
engineering has exhibited a relatively positive trend over 
the past few years [3]. In Serbia, the official policies have 
been supportive of higher education in engineering and 
natural sciences [4]. 

Despite the fact that programming is currently a 
lucrative skill that can be acquired at a great number of 
HEIs, students tend to associate the process of learning to 
program with various difficulties. Based on responses 
from five different European countries, it may be inferred 
that students who learn to program overestimate their 
understanding and that more attention should be given to 
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certain programming topics [5]. Moreover, in a different 
study, it was observed that two introductory programming 
courses in Portugal and the United Kingdom had some 
common issues during course execution, including poor 
lecture attendance and problems in laboratory classes [6].  

Difficulties in introductory programming courses have 
been categorized as being related to the nature of 
programming, teaching methods, study methods, student 
abilities and attitudes, or psychological challenges faced 
by students [7]. For instance, in a survey of students in 
Portugal, lack of effort or personal persistence and lack of 
motivation were some of the common reported reasons for 
learning difficulties [8]. In other studies involving students 
from Portugal, it was noted that final marks in an 
introductory programming course were positively 
correlated with final marks in some mathematics courses 
[9] and that students who failed an introductory
programming course also had weak understanding of basic
mathematical concepts and struggled with problem
solving [10].

According to the reports in numerous studies, some of 
which have been mentioned in this section, it is evident 
that introductory programming is demanding and that 
students and teachers may face a varied set of issues in 
programming education. Before intervening in a course, it 
is appropriate to first compile and analyse data about 
concrete courses and then to identify issues in the courses. 

III. DATA AND METHODS

For the purpose of our study, we collected and used 
anonymised data about a selection of introductory 
programming courses in higher education in Portugal and 
Serbia. Student identifiers were not part of the collected 
data. We analysed a period spanning academic years from 
2013/2014 to 2016/2017. We have collected data for two 
institutions in Portugal, coded as PI-A and PI-B, and one 
institution in Serbia, coded as SI-A. In the context of our 
study, the term institution was used to denote an HEI at 
the level of a university or an institute. 

We analysed the following courses: 

 courses PC-A1 through PC-A7 – seven courses
from the institution PI-A that belong to four
different study programmes in total;

 courses PC-B1 through PC-B5 – five courses
from the institution PI-B that belong to three
different study programmes in total; and

 courses SC-A1 through SC-A3 – three courses
from the institution SI-A that belong to three
different study programmes in total.

For each execution of an analysed course, we recorded 
academic year, course code, institution code, 
programming language taught in the course, number of 
registered students, values of three indicators of student 
performance, and teaching and assessment methods that 
were predominantly used in the course. 

The three indicators of student performance were: 

 Passed/Assessed – the pass rate when considering
only assessed students, i.e., a ratio of the number

of students who passed the course and the number 
of students who were assessed in the course;  

 Passed/Registered – the pass rate when
considering all students, i.e., a ratio of the number
of students who passed the course and the number
of students who registered for the course; and

 Assessed/Registered – the assessment rate, i.e., a
ratio of the number of students who were assessed
in the course and the number of students who
registered for the course.

The same three indicators were used in a different 
study as metrics to assess the student performance in 
Portugal across consecutive academic years [11]. The 
definition of the state of being assessed actually differed 
between the two countries. For the analysed courses in 
Serbia, i.e., courses SC-A1 through SC-A3, a student was 
considered assessed only if the student had earned more 
than zero points in at least two different assessments. This 
definition was adopted because courses SC-A1 through 
SC-A3 had multiple ordinary pre-exam assessments 
throughout the term, unlike the analysed courses in 
Portugal. Due to limitations of the available data about the 
selected courses in Serbia, the values of the three 
performance indicators had to be calculated differently for 
the courses SC-A1 through SC-A3, i.e., only the students 
who were enrolled in the course for the first time were 
considered and the values of the indicators relying on the 
number of assessed students had to be based on certain 
estimates. 

We considered the following teaching methods: 

 1 – doing paper-based exercises, i.e., students do
not solve exercises by using computers, but by
using pencil and paper;

 2 – doing computer-based exercises, i.e., students
use computers to solve exercises, either by using
an editor and a command line compiler or by
using an integrated development environment
(IDE);

 3 – project-based learning (PBL), i.e., projects are
developed during the programming classes and
programming concepts are introduced when
needed in the project;

 4 – using learning management systems (LMS),
i.e., a software platform is used to manage classes
and work outside the classroom;

 5 – using syntax-oriented editors, i.e., syntax-
oriented editors are used when programming in
the classroom; and

 6 – using debuggers, i.e., debuggers are used
when programming in the classroom.

We considered the following assessment methods: 

 1 – project-based assessment, i.e., students
produce some code to solve a problem and then
send or present the code to the teacher;

 2 – individual work, i.e., code is produced by just
one student and there is not any group work;
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 3 – midterm assessment with paper-based
exercises, i.e., assessment at the middle of the
academic term when students use pencil and paper
to solve exercises;

 4 – midterm assessment with computer-based
exercises, i.e., assessment at the middle of the
academic term when students write programs on
computers in the classroom;

 5 – exam assessment, i.e., students do an exam at
the end of the academic term, either by using
computers or by pencil and paper;

 6 – automated assessment, i.e., the teacher uses a
special tool to automatically assess student code;

 7 – peer assessment, i.e., student’s code is
assessed by other students; and

 8 – multiple assessments, i.e., students have
multiple assessments throughout the academic
term.

Multiple teaching and multiple assessment methods 
may be applied during the same course execution. 

IV. RESULTS AND DISCUSSION

In Table 1, there are some basic data about each 
selected course, most notably the programming language 
taught and employed teaching and assessment methods. 
The dominant programming language is C, followed by 
Haskell and MATLAB. The dominance of the C language 
in programming courses coincides with the findings of 
other researchers. In a separate study of programming 
courses in the European higher education, it was 
concluded that C is the language most often taught, with 
strong advantage over the other languages especially in 
the first term [12]. In general, the preference for C in 
programming education is typical of Serbia, but, in 
Portugal, Java and Python are actually used more often 
than C to teach programming [12].  

In both countries, teaching methods involved 
computer-based exercises and, to a lesser degree, usage of 
syntax-oriented editors. Another commonality is that 
paper-based exercises were not used in teaching, i.e., this 
traditional method has been abandoned in practice. 
However, for the analysed courses, it may be also noticed 
that some new trends, such as learning management 
systems, peer assessment, and even fully automated 
assessment of student code, have not been adopted yet. 

In general, student project work has become more 
common in higher education, especially in engineering 
and science studies. In the context of the considered 
courses, project-based learning and project-based 
assessment were applied only at one institution in 
Portugal, i.e., solely within the courses at the institution 
PI-A. We may only hypothesise that the absence of 
project-based assessment at the other two institutions is 
related to the insufficient number of academic staff 
members needed for such a demanding task.   

TABLE I. OVERVIEW OF COURSES 

Institution 

code 

Course 

code 

Language 

taught 

Teaching 

methods 

Assessment 

methods 

PI-A PC-A1 Haskell 2, 3 1, 3, 4, 5 

PI-A PC-A2 Haskell 2, 3 1, 3, 4, 5 

PI-A PC-A3 Haskell 2, 3 1, 3, 4, 5 

PI-A PC-A4 C 2, 3 1, 3, 4, 5 

PI-A PC-A5 C 2, 3 1, 3, 4, 5 

PI-A PC-A6 C 2, 3 1, 3, 4, 5 

PI-A PC-A7 C 2, 3 1, 2, 5 

PI-B PC-B1 C 2, 5 3, 4, 5 

PI-B PC-B2 C 2, 5 3, 4, 5 

PI-B PC-B3 C 2, 5, 6 3, 4, 5 

PI-B PC-B4 C 2, 5 3, 5 

PI-B PC-B5 MATLAB 2, 5 3, 4, 5 

SI-A SC-A1 C 2, 5 2, 5, 8 

SI-A SC-A2 C 2, 5 2, 5, 8 

SI-A SC-A3 C 2, 5 2, 5, 8 

There was also some variation between the choices of 
other assessment methods. There was an exam assessment 
in both countries, but the execution of assessment 
throughout the term differed. In Portugal, there was 
almost always some form of midterm assessment, while, 
in Serbia, there were only multiple assessments organized 
throughout the term. 

In Fig. 1, the values of the Passed/Registered ratio are 
given across the examined academic years for all the 
considered courses. The top and middle chart in Fig. 1 
show that the two institutions in Portugal have similar 
pass rates, which could be classified as low to moderate. 
On the other hand, the Passed/Registered ratio is generally 
better in courses in Serbia and the pass rates there could 
be regarded as high. As the compiled data do not include 
assessment scores and final grades of students, we could 
not speculate if the higher pass rates were the result of 
potentially better student knowledge of programming in 
Serbia. In a global survey of pass and failure rates in 
introductory programming courses, the reported average 
pass rate was 72% when all the courses were weighted 
equally [13]. With respect to this value, the pass rates 
could be considered above average for the institution in 
Serbia and below average for the institutions in Portugal. 

At least some portion of the difference in pass rates 
between Portugal and Serbia could be attributed to the fact 
that all the performance ratios for the courses in Serbia 
were calculated only for the students who were registered 
for the course for the first time in a particular year. 
Nonetheless, based on the knowledge of past course 
executions in Serbia, it may be supposed that, even if all 
the registered students were considered, the pass rates in 
Serbia would on average still be higher than in Portugal. 
In this other scenario, the pass rates in Serbia would 
probably move towards the moderate to high category. 
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In Fig. 2, the values of the Assessed/Registered ratio 
are shown. As expected, the values of the 
Assessed/Registered ratio are somewhat higher than the 
corresponding values of the Passed/Registered ratio. The 
differences in the Assessed/Registered ratio between the 
institutions in Portugal and Serbia are less pronounced 
than for the Passed/Registered ratio. However, these 
differences are still noticeable and the institution in Serbia 
exhibits higher assessment rates. The previous 
commentary regarding the influence of sample 
construction on the Passed/Registered values may also 

apply to the case of interpreting the Assessed/Registered 
values. 

The greatest difference between the Passed/Registered 
and Assessed/Registered values may be observed for the 
institution PI-A, which is located in Portugal. Such a 
difference may be more easily observed in Fig. 3, where 
the values of the Passed/Assessed ratio are presented. 
Based on these values, it may be presumed that the 
Passed/Assessed ratio is noticeably higher in Serbia as 
opposed to Portugal.  

Figure 1.  The Passed/Registered  indicator values for different 

institutions: PI-A (top), PI-B (middle), and SI-A (bottom) 

Figure 2.  The Assessed/Registered indicator values for diffierent 

institutions: PI-A (top), PI-B (middle), and SI-A (bottom) 
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V. CONCLUSION

We collected and analysed anonymised data about 
selected introductory programming courses at HEIs in 
Portugal and Serbia. The main findings of the comparative 
analysis of the courses in the two countries include: 

 the C language is the main choice for introductory
programming courses in both Portugal and Serbia;

 teaching methods differ between the countries –
computer-based exercises are used in both
countries, but PBL is applied only in Portugal;

 assessment methods differ between the countries
– exams were applied in both countries, but
midterm assessment is usually preferred in
Portugal and multiple assessments throughout the
term are preferred in Serbia;

 assessment rates are higher in Serbia; and

 pass rates are higher in Serbia, even when only
the assessed students are considered.

The most prominent distinction between the courses in 
the two countries is the difference in both the pass rates 
and the assessment rates. Potential causes might include 
differences in teaching methods and course requirements, 
as well as disparities in motivation and attitudes of 
students. Another factor might be the lack of previous 
education in computing and the absence of prerequisite 
skills. However, the introduction of computer science into 
basic education [14] could contribute to better 
preparedness of future students, which may reduce the 
present problems. Since we are interested in improving 
current IT teaching practice, we are planning to look more 
closely into the identified issues. 
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