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Abstract: There are many factors and concerns surrounding the choice of the first programming 
language to be taught in ICT studies, both didactical and pedagogical, as well as business and technology-
driven. After reviewing the currently predominant programming paradigms adopted in introductory 
programming courses and describing our approach based on decades of teaching practice, we present our 
recent experience in changing the first programming language from Modula-2 to Java. The question we 
focus on is whether there are any significant differences in student success between the most recent 
generation taught in Java, and previous Modula-2 generations. Statistical analysis of collected scores and 
grades can provide insight into the effects of the change of language since there were not many other factors 
distinguishing the generations. Comparisons involving two non-parametric statistical tests showed that there 
are no statistically significant differences between the considered generations with respect to success in 
passing the exam. This result suggests that the choice of the introductory programming language does not 
matter if we use students’ performance as the criterion of suitability.  
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INTRODUCTION 
Nowadays it may seem that the choice of the first programming language (PL) for 

information and communications technology (ICT) teachers is a long-resolved matter. 
Many teachers believe that it is clear which language to choose as first for teaching 
programming at bachelor studies. Nevertheless, a fairly large number of papers that 
discuss this problem is still appearing. In many situations such a decision is a burden 
consisting of many dilemmas, with the choice of the first programming paradigm and 
language having a strong impact on later development of a programmer [5]. Also, it is 
necessary to differentiate key features of a language in the educational context. The study 
of programming languages in the first year is important for students of computer science 
disciplines to support programming as a central activity within computer science. 

The introductory programming course for students of computer science at our 
department covers the basic concepts of the imperative programming style (primitive data 
types, statements and control structures, decomposition of a program into procedures, 
recursion and abstract data types). From our experience spanning multiple decades, we 
strongly believe that good educational programming languages, such as those designed 
by Niklaus Wirth, are the most suitable to explain the aforementioned concepts to novice 
students. Indeed, until the last school year our introductory programming course was 
based on the programming language Modula-2. However, in the last years we were under 
constant pressure to change the language used in the introductory course, so in the last 
year we decided to teach basic programming concepts relying on Java but using the 
imperative approach first (objects are introduced at the end of the course).  

The aim of this paper is to investigate whether the change of the first language 
influenced students’ performance in the course. On the one hand, we believe that the 
acquisition of essential programming concepts is easier relying on Modula-2. Considering  
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only this aspect, we could expect that the previous Modula-2 generations would generally 
achieve better results compared to the last Java generation. On the other hand, students 
are generally aware of the popularity of Java in industry and consequently they may be 
motivated to self-study more than Modula-2 generations. Therefore, our starting 
assumption, that will be examined in this paper, is that there are no statistically significant 
differences between generations regarding their performance in the course.  

 
FIRST PROGRAMMING LANGUAGES AND PARADIGMS 
In dynamic ICT companies numerous factors appear which influence the selection 

and use of appropriate programming languages. Students who study computer science 
need to be prepared for the rapidly changing real world and very complex software, but 
also to persist in their studies for an extended period of time. Apart from that, some 
additional influences on selection of programming languages appear in high-school 
education: students’ pre-knowledge from secondary schools; requests of the local industry; 
global-world trends in newest technologies. To cope with these problems it is good to 
detect and create appropriate criteria [1] for choosing a good first programming approach. 
Also, several important programming paradigms emerged during the history of developing 
numerous programming languages: imperative, object-oriented, functional, and logic. In 
ICT curricula at the majority of universities, the first two paradigms are predominant. 

At some universities teachers like to teach the most popular PLs. But it is difficult to 
say what the measure of language popularity is: Most lines of code? Most jobs? Most 
widely used? Another dilemma arises as well: Is popularity of a language a guarantee of 
its suitability for teaching essential programming concepts? Therefore it can be safely said 
that there is no best language for all situations.  

In the rest of the paper we will briefly present several major approaches in teaching 
first programming paradigms and languages. 

Imperative (Procedural) Paradigm – This paradigm supports traditional sequential 
programming based on variables, assignment, and loops. Characteristic representative 
languages include Pascal, Modula-like languages and more “fashionable” languages such 
as C and Java. This is the usually applied approach [3], a historical one that is an essential 
part of the informatics didactics education at universities. It is a good way to teach 
programming where it is extremely important to first introduce key concepts like 
procedures, records and pointers, as a good base for better understanding of advanced 
concepts in object-oriented, parallel, and Web programming within subsequent courses. 

Object-Oriented Paradigm – A significant number of teachers in ICT disciplines 
think that didactically it is not a good idea to start teaching programming in the OO 
paradigm as it is not a simple approach. In spite of this, there are a lot of universities which 
recently switched from the imperative-first to the object-first approach. They usually use 
languages like C++, C#, Java, Modula-3, Eiffel, but recently also Python and Scala. Using 
the OO paradigm first, in the majority of cases essential programming notions are left 
somehow hidden (for example, the notion of a module appears as a special case of a 
class) and it makes initial attempts at programming rather difficult for novices. 
Consequently, it is more natural in such courses to concentrate first on the essential 
(imperative) programming concepts and after that proceed with the more advanced OO 
concepts.  

Functional and Logical Paradigm – Functional and logical paradigms, as rather 
exotic for wide usage, have rarely been used for first programming courses. They are 
dominant only in highly theoretically oriented computer science studies.  

After teaching different programming courses for more than 25 years we are sure that 
after adoption and fundamental understanding of the basic (imperative) programming 
principles students’ are capable to easily move to other programming languages. We 
adopt the following Model/Proposition for Teaching First Programming Language [4]:  
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– Teach students to think in algorithmic way independent of programming language.  
– Use a good educational language (like Pascal, Modula-2) and not emphasize a specific 

tool/environment.  
– After the introductory programming course follows the course on data structures and 

algorithms which extends the students’ style of critical thinking. After that they are 
ready to learn an object-oriented programming language, in our case Java. After 
starting with the basic concepts, students are able to adopt advanced OO concepts.  

There are numerous advantages of this approach. Many former students working in 
software companies all over the world, after years of experience in usage of different 
programming environments and tools believe that proposed model was very productive. 
  

CHANGES IN TEACHING THE FIRST PROGRAMMING COURSE 
Modula-2 has been taught up to last year at our department as it satisfied most of the 

desirable educational premises: most of students have pre-knowledge of Pascal so 
Modula-2 is convenient for them; It offers clean and well-structured features; It is good for 
teaching other classical techniques and algorithms. Students could easily switch to the 
object-oriented paradigm.  

Nevertheless, in the last several years we were under constant pressure to change 
the first programming language. It was a consequence of several different factors: 
– We are heavily exposed to constant pressure of industrial and labor requirements to 

have employees tailored to their current needs. They are oriented to contemporary 
technologies and programming environments and require employees who can 
immediately fit into their business and produce software/money. 

– Our faculty authorities like to be competitive with other faculties that teach Java and 
Python as first programming languages and introduce contemporary technologies from 
the beginning. 

– Everyone is an expert: students, parents, friends, non-CS-professors that look at 
Modula-2 as out of date and a language not used in the industry any more.  

Therefore, we were not sure should we change the first programming language for 
marketing purposes only, or it was a real need? On the other hand, we are witnesses to 
rapid changes in computer technology and PLs need to be kept in mind, by continuously 
re-evaluating language choice issues. The computer industry re-tools more frequently and 
programmers will cover many more languages in their lifetime than ever before. Changing 
education patterns means that students need to be prepared for lifelong learning, to meet 
the challenges of the future.  

After several months of analysis and evaluation of different criteria we decided to 
switch to Java as the first programming language. 

 
EVALUATION AND COMPARISON OF STUDENTS’ PERFORMANCE 
In this section of the paper we will examine and compare students’ performance in 

the introductory programming course for the last three generations of students. The 
generations are denoted as G2014 (Java generation), G2013 and G2012 (Modula-2 
generations). To ensure statistically valid comparison (comparison of independent 
samples), only students that enrolled the course for the first time are taken into account for 
each generation. In all three generations the same teaching design, as well as the grading 
and assessment methodology was applied: 
– The course consisted of 2+2+1 hours per week of lectures, theoretical and practical 

(lab) exercises. 
– In the lectures, the teacher explains essential programming concepts: primitive data 

types, statements and control structures, procedures, recursion and recurrence 
relations, and abstract data types. Within the theoretical exercises students are 

307



International Conference on Computer Systems and Technologies - CompSysTech’15 
 
 

 
             

 

confronted with solved problems that illustrate concepts taught at the lectures. During 
practical exercises students individually solve practical assignments. 

– A student has to achieve at least 30 (out of maximal 60) points at 4 practical (lab) tests 
that are held during the semester in order to fulfill the prerequisites to approach the 
final oral examination. Students can also attend two theoretical tests that are held 
during the semester to achieve maximally 20 points. The total grade accumulates the 
scores at practical assignments, theoretical tests and the oral examination (maximally 
100 points). 

– The same teaching staff (one teacher, one assistant for theoretical exercises and two 
assistants for practical exercises) delivered the course to all three generations.  

In other words, the only significant difference between the generations is that G2014 had 
the course based on Java, while the other two generations learned basic programming 
concepts relying on Modula-2. 

Table 1 shows basic facts about generations. Firstly, it should be observed that 
G2013 is slightly larger than the other two generations. A student is considered active if 
he/she attended at least one practical test. In all three generations more than 90% of 
students were active, which means that approximately 10% of students who enrolled the 
course never attended practical tests. As it can be seen, the largest generation had the 
lowest pass rate at the practical tests and the lowest pass rate in the first, January exam 
period. A majority of active students in all three generations (60-80%) fulfilled prerequisites 
for the final oral exam. Also, a majority of students that fulfilled the prerequisites (60-70%) 
approached the oral exam in the first exam period. 40-50% of them passed the exam in 
the first exam period.  

 
Table 1. Basic facts about generations.  

 G2014 G2013 G2012 
Total number of students 82 97 78 
Active students 76 90 71 
Students that passed practical tests 59 53 58 
Students that approached the oral exam in January 37 35 41 
Students that passed the oral exam in January 26 22 28 

    
Table 2 shows average scores at practical and theoretical tests, as well as the 

average grade in the first exam period. It should be emphasized that there is a strong 
correlation between the score at practical tests and the score at theoretical tests in all 
three generations:  
– the value of the Spearman correlation coefficient is 0.77 for G2014 (93% of G2014 

attended at least one practical and one theoretical test), 
– 0.78 for G2013 (92%), and 
– 0.75 for G2012 (94%). 
This means that students who achieved high scores at practical tests tend also to achieve 
high scores at theoretical tests, and vice versa. As can be seen from the data presented in 
Table 1, G2014 has slightly higher average scores at practical and theoretical tests 
compared to G2013, but slightly lower compared to G2012. The average grades in the first 
exam period are approximately the same. 
 
Table 2. Average scores at practical tests and theoretical tests, and average grade in the first exam 
period. MAX denotes the maximal score/grade.  

 G2014 G2013 G2012 MAX 
Practical tests 37.25 33.61 38.4 60 
Theoretical tests 8.96 8.64 9.96 20 
Grade (January) 7.3 7.2 7.24 10 
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Figure 1 shows the distributions of scores at practical and theoretical tests for all 
three generations. The percentages are given with respect to the number of active 
students. It can be observed that approximately 5% of active students in all three 
generations achieved the maximal score at practical tests, while none achieved the 
maximal score at theoretical tests. Cumulatively speaking, 31-35% of active students in all 
three generations obtained 45 or more points at practical tests. Therefore, we can say that 
approximately a third of active students developed solid beginner programming skills – 
skills that enable them to comfortably follow subsequent programming-related courses. 
G2014 has a higher average grade at practical tests compared to G2013. However, 
extremely good students at practical tests (50 or more points) are more frequent in both 
Modula-2 generations than in the Java generation. On the other hand, G2014 has 
considerably higher percentage of students achieving 30-50 points (56%) compared to 
G2013 (29%), and close to G2012 (49%). Regarding theoretical tests, we can see that in 
all three generations the largest fraction of students achieved a “middle” score (between 8 
and 12 points) and that the distributions have a Gaussian shape. 

 

      
Figure 1. The distribution of scores at practical and theoretical tests. 

 
Figure 2 shows the distribution of grades in the first exam period. The percentages 

are given with respect to the number of students that approached the oral exam. As can 
be seen, the largest fraction of students in all three generations (30-37%) obtained grade 5 
which means that they have not passed the exam in the first exam period. The second 
largest fraction (20-24%) obtained the highest grade (10). The Java generation had the 
largest fraction of students with the highest grade and the lowest fraction of students with 
the lowest grade, but the differences in fractions are not drastic. The oldest generation, 
G2012, had the lowest fraction of students with the highest grade, but also a noticeably 
higher percentage of students with the second highest grade (9). 

In order to investigate whether the differences in the average scores and the 
distributions of scores between G2014 and other two generations are statistically 
significant we employ two non-parametric statistical tests: the Mann-Whitney U test [6] and 
the two sample Kolmogorov-Smirnov test [7]. Both tests do not assume any particular 
distribution of scores (distribution-free methods). The Mann-Whitney U (MWU) test checks 
the null hypothesis that the scores in one sample (G1) do not tend to be systematically 
larger or smaller (stohastically superior/inferior) than the scores in another sample (G2). 

The null hypothesis is rejected if obtained p-value is smaller than 0.05. To quantify 
the effect size we use two probabilities of superiority: 
– PS1 – the probability that a randomly selected score from G1 is strictly higher than a 

randomly selected score from G2. 
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– PS2 – the probability that a randomly selected score from G2 is strictly higher than a 
randomly selected score from G1. 

The two-sample Kolmogorov-Smirnov (KS) test checks the null hypothesis that two 
cumulative distributions (the probability that a randomly selected student achieved a score 
less than given) are not significantly different. The test relies on the maximal vertical 
distance between two distributions (D statistics). The null hypothesis is rejected if obtained 
p-value is smaller than 0.05. 
 

 
Figure 2. The distribution of grades in the first exam period. 

 
The results of statistical tests are summarized in Table 3. In all cases the null 

hypotheses of statistical tests were accepted (p-value > 0.05). This means that there are 
no statistically significant differences between the Java generation and the Modula-2 
generations with respect to their performance in practical tests, theoretical tests and grade 
in the first exam period. The differences in obtained probabilities of superiorities are in the 
range [-0.11, 0.11] which means that the students from the Java generation do not tend to 
have neither systematically higher nor systematically lower scores compared to the 
students from Modula-2 generations. Secondly, obtained values of probabilities of 
superiority indicate that the average scores are reliable measures when involved in 
comparison:  
– The probabilities of superiority of G2014 with respect to the scores at practical and 

theoretical test are slightly higher than the same probabilities of G2013, which is 
consistent with their average scores (see Table 2). 

– The probabilities of superiority of G2014 with respect to the scores at practical and 
theoretical test are slightly lower than the same probabilities of G2012, which is 
consistent with their average scores (see Table 2). 

– G2014 has slightly higher probabilities of superiority of the grade in the first exam 
period, which is again consistent with the average scores (see Table 2). 

 
Table 3. Results of statistical tests. 

 G1 G2 
MWU test KS test Null 

hypotheses U p-value PS1 PS2 D p-value 
Practical tests G2014 G2013 3793 0.23 0.55 0.44 0.2 0.06 ACCEPTED 
Practical tests G2014 G2012 2865 0.52 0.46 0.52 0.14 0.40 ACCEPTED 
Theoretical tests G2014 G2013 3179 0.65 0.51 0.47 0.11 0.73 ACCEPTED 
Theoretical tests G2014 G2012 2684 0.26 0.44 0.55 0.14 0.49 ACCEPTED 
January grade G2014 G2013 671 0.79 0.41 0.37 0.07 0.99 ACCEPTED 
January grade G2014 G2012 778 0.84 0.41 0.38 0.04 0.99 ACCEPTED 
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Therefore, according to the current state of empirical evidence, we can conclude that the 
switch to the Java programming language has not caused any dramatic change in relation 
to students’ performance in the introductory programming course. 
 

CONCLUSIONS 
There are still a lot of debates focusing on the choice of the first programming 

language. Should we teach C, Java, C#, Python, Perl, Scala, JavaScript, or something 
else? If the choice of a language is our starting point then we are on the road to failure 
already [2]. It seems that debates about the choice of first programming language are 
never-ending stories. Recently, an increasing number of institutions adopted Java in their 
introductory curricula, but nevertheless there is no universal satisfaction with it.  

The rate at which computer technology and programming languages change 
nowadays is disturbing. The choice of the first PL for CS education is a difficult and 
responsible task (a lot of programming paradigms, competition for widely used language in 
industry and real world applications). Teachers have to keep this in mind and continuously 
re-evaluate language choice [1]. It is evident that educators have to follow these trends, 
but also need to satisfy other (methodological, didactical, etc.) parameters. We also need 
to have in mind to teach fundamental and essential knowledge and prepare students to 
quickly switch to new technologies and trends. 

In this paper, we compared students’ performance in the introductory programming 
course at our department for the last three generations of students. The results of the 
comparison showed that the Java generation achieved similar success at the course as 
the previous two Modula-2 generations. This result suggests that the choice of the 
introductory programming language does not matter if we only take students’ performance 
as the criterion of suitability. The absence of statistically significant differences between 
generations can be explained by the fact that the last generation learned the basic 
programming concepts in a procedural subset of Java. However, several important factors 
also need to be addressed in order to obtain a more comprehensive picture. First of all, we 
assumed that different generations are of approximately same quality. In case that the 
Java generation has significantly better performance in other first-semester courses 
(courses that cover mathematical subjects and computer literacy) compared to the 
previous Modula-2 generations then we can actually conclude that Modula-2 is a better 
choice for learning essential programming concepts than Java, and vice versa. Secondly, 
previous mathematical background and programming experience is also an important 
factor, which means that students’ performance in high school also needs to be taken into 
account. Thirdly and most importantly, the main goal of the introductory programming 
course is to teach students essential programming concepts in order to develop their 
ability to think and solve problems algorithmically, and to acquire new/other programming 
languages and techniques efficiently. Therefore, in our future work we will also compare 
the performance of the generations in other computer-related courses.  
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