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Abstract: The choice of the first programming language in computer science curricula is a complex 
multi-faceted issue that needs to be addressed from multiple points of view. In this paper we adopt the 
perspective of the teacher, and after surveying factors such as language features, programming paradigms, 
curricular concerns and students’ perceptions, we present extended results of the empirical assessment of 
student performance at our introductory programming course, where a switch was recently made from 
Modula-2 to Java, keeping the course structurally unchanged. Our main aim is to investigate the impact of 
the first programming language to the acquisition of essential programming concepts, techniques and 
principles. New results involving students’ high-school GPA and performance at other courses, backed up by 
thorough statistical analysis, remove some potential sources of bias regarding students’ learning and 
cognitive abilities, reaffirming the overall conclusion that the programming language used in the introductory 
programming course does not have a deep impact on the acquisition of essential concepts, techniques and 
principles of the imperative programming style. 

Key words: Introductory programming course, change of the first programming language, students’ 
performance, empirical evaluation. 
 

INTRODUCTION 
The choice of the first programming language to learn, as a sort of a “mother tongue,” 

is wrought with different dilemmas, opinions and influences. There are several seemingly 
mutually opposing forces at play: preference for “educational” and didactically suitable 
languages vs. “real” languages and industry trends, perceptions of teachers vs. 
perceptions of students (vs. perceptions of IT professionals, as well), emphasis on learning 
“principles” that can later be extended vs. “hands-on” skills, etc. In the past, the problem of 
first-language choice was discussed at various levels, including language features [3], 
curricular issues and pedagogy [8], programming paradigms [15], conceptual bugs [4], 
various wide-ranging criteria [7, 6, 10], students’ perceptions [13], and empirical 
assessment of student performance [9]. 

At our department, the introductory programming course for students of computer 
science, held in the first semester, emphasizes the imperative programming style, while 
object-orientation (OO) is studied in following semesters. The introductory course covers 
the basic concepts of primitive data types, statements and control structures, 
decomposition of a program into procedures, recursion, and abstract data types, with 
decomposition favouring the separation of data and algorithms into distinct units (data 
types, and procedures that input data through parameters). Several decades of experience 
in teaching the basic concepts of imperative programming formed our opinion that good 
educational programming languages, such as those designed by Niklaus Wirth, are crucial 
for explaining the aforementioned concepts to novice students. Indeed, up to (and 
including) school year 2013/14, our introductory programming course was based on the 
programming language Modula-2. However, due to pressure to change the language used 
in the introductory course, from 2014/15 we switched to Java, but kept using the 
imperative-first approach (object-oriented design is relatively briefly introduced at the end 
of the course). 
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The main goal of this paper is to evaluate and compare students’ performance at the 
structurally equivalent introductory programming courses based on two different 
programming languages: Modula-2 and Java. Structurally equivalent means that those 
courses cover the same concepts, techniques and principles. Except the language 
basically everything else is the same in both courses: teaching design, and assessment 
and grading methodology. Moreover, both courses were delivered by the same teaching 
staff. In other words, the only significant difference between the courses is that the basic 
concepts of imperative programming were illustrated relying on two different languages. 

We already conducted preliminary investigations of students’ performance at the 
course in the context of the language switch using data available at that time [11, 14]. 
Namely, we showed that there were no statistically significant differences between the last 
two Modula-2 generations and the first Java generation of students regarding their 
success at theoretical tests and practical tests held within the course, as well as regarding 
the final grade in the first exam period. At this moment the data covering one year of exam 
periods is available, as well as data covering high school grades and two introductory 
mathematical courses in the first year of studies. Therefore, we are now in a position to 
extend our prior analyses and possibly restate our previous conclusions. 

The rest of the paper is structured as follows. The next section presents teacher 
perspective on the first programming language. Data and methods used in this study are 
explained in the subsequent section. Results of the study are presented and discussed in 
the third section of the paper. The last section concludes the paper and outlines directions 
for future research work. 

 
TEACHER PERSPECTIVE ON THE FIRST PROGRAMMING LANGUAGE 
The choice of the first programming language in computer science curricula is a 

complex multi-faceted issue that needs to be addressed from multiple points of view. From 
the perspective of the teachers, important factors include language features such as 
support for modularization, “proper” procedures and clean data structures [3], supported 
programming paradigms [15], proneness to certain types of conceptual bugs [4], as well as 
forming of students’ perceptions [13], and impact on other courses in a curriculum [8]. 

In a context somewhat similar to ours, [3] compared Java with the Modula-3 language 
(a successor of Modula-2), focusing on language features that were perceived to “force” 
students into good programming practices: obligatory creation of interfaces, and clean 
support for the procedural programming style through the existence of “proper” standalone 
procedures, variable parameters, and non-OO data structures for records and arrays. The 
author argues that Java may not be the best choice for the first programming language 
due to various confusing pitfalls that a novice may fall through in the context of the above 
language features. 

The question of the first programming language can be viewed as the subset of the 
question of which programming paradigm to introduce first, out of a plethora of options: 
imperative/procedural, object-oriented, functional, logical, etc. [15, 11] Nowadays, the 
choice seems to have settled between the former two options. However, the functional 
paradigm was used at introductory courses in the past [1], and with features of the 
functional programming style making inroads into mainstream programming languages 
(such as the introduction of lambda expressions in Java 8), we may witness a renaissance 
of the functional paradigm in introductory programming courses as well. 

Working with students in practical labs is an important aspect of teaching introductory 
programming, and can be severely affected by traits of the language which make it easier 
or harder to commit certain types of errors, not only syntactical, but also conceptual. Albeit 
on a small sample, [4] demonstrated clear differences in this regard between the FPL and 
Pascal programming languages. 
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Students’ perceptions, which may not always be grounded in truth, influence their 
motivation and subsequent success at the course. One of the prominent perceptions, 
which we also faced in our interaction with students, was on the “real-world” use of a 
particular language [13]. In our case, local IT companies, mostly working on outsourcing 
projects, produce a clear bias in students’ perceptions in favour of “big” languages and 
software development methodologies, disregarding global trends towards data analysis 
and machine learning (and languages used therein) [2]. 

The choice of the first programming language to teach in the introductory course 
clearly has a profound impact on the whole computer science curriculum, which was one 
of the questions addressed in [8] regarding Java. 

Finally, empirical assessment of student performance is an important indicator of 
whether the switch from one programming language to another was successful. In a 
scenario reminiscent to ours, [9] studied student performance before and after changing 
the language from Modula-2 to C++, with the main concern of how would the switch to a 
“dirtier” language affect students’ success at the course. The main conclusion, that student 
performance was not significantly affected, is similar to our experience with Modula-2 and 
Java [11]. 
 

DATA AND METHODS 
In this paper we will compare students’ performance in the introductory programming 

course for three generations of students: 
– the generation enrolled in 2014 (denoted by G2014 or “the Java generation”) which 

was the first generation of our students that had the introductory programming course 
in the Java programming language, 

– the last two generations of students which had the course in the Modula-2 
programming language (“the Modula-2 generations”), enrolled in 2013 (denoted by 
G2013) and 2012 (denoted by G2012).  

In our previous work [11, 14] we showed that there are no statistically significant 
differences between the Java generation and the Modula-2 generations with respect to 
obtained grades in the first exam period. At this moment we have data about students’ 
grades that cover all exam periods in appropriate school years, so we are now in the 
position to perform a more comprehensive comparison. Moreover, we will compare 
students’ performance in high school, as well as in other obligatory first year courses, in 
order to investigate whether the generations are of approximately same quality. The 
average high school grade (AHSG) is a real number between 1 and 5 which is oficially 
interpreted as follows: 
– AHSG equal to 5 is the highest AHSG and indicates exceptionally excellent high school 

performance. Students having the highest AHSG are awarded with a special diploma 
named after Vuk Stefanović Karadžić, a famous reformer of the Serbian language.   

– AHSG higher than 4.5 indicates excellent high school performance, AHSG which is in 
the interval [3.5, 4.5) is associated to very good high school achievements, AHSG in 
[2.5, 3.5) is regarded as good, while AHSG in [1.5, 2.5) is considered satisfactory. 

On the other hand, the final grade at a faculty course is an integer value in the interval [5, 
10] where 5 denotes that a student failed to pass the course. Other grades indicate that a 
student passed the course, with higher grades denoting better overall performance.    

Table 1 shows the basic facts about the generations. It is important to emphasize that 
only students which enrolled the course for the very first time are taken into account in 
order to have independent samples suitable for valid statistical comparison.  
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Table 1. Basic facts about examined generations.  

 G2014 G2013 G2012 

Total number of enrolled students 82 97 78 

Students that fulfilled prerequisites to approach the final exam 59 53 58 

 
In our analysis of students’ performance we rely on two non-parametric statistical 

tests: the Mann-Whitney U test [12] and the two sample Kolmogorov-Smirnov test [5]. To 
examine wheather grades obtained at different courses are correlated we use Pearson’s 
and Spearman’s correlation coefficients, as well as the Chi-Square test of independence.  

The Mann-Whitney U (MWU) test checks the null hypothesis that the values (e.g. 
grades) in one sample do not tend to be systematically larger or smaller than the values in 
some other, independent sample. The test does not assume any particular distribution of 
values in the samples, and one of its advantages is that it can be applied to independent 
samples of different sizes. We will also use two probabilities of superiority to quantify the 
effect size of the test: 
– PS1 – the probability that a randomly selected value from the first sample is strictly 

higher than a randomly selected value from the second sample. 
– PS2 – the probability that a randomly selected value from the second sample is strictly 

higher than a randomly selected value from the first sample. 
Previously mentioned quantities can be computed in a straightforward manner by 
comparing each value from the first sample to each value from the second sample. High 
values of PS1, i.e. values close to 1.0, indicate that values in the first group tend to be 
systematically higher than values in the second group, and vice versa.  

The two sample Kolmogorov-Smirnov (KS) test compares cumulative distributions of 
two independent samples. The cumulative distribution of a sample is the probability P(k) 
that a randomly selected value from the sample is less than k. The KS test relies on the 
maximal vertical distance between two cumulative distributions (also known as the D 
statistics). Similarly to the MWU test it does not assume any particular distribution of the 
values in the samples. We reject null hypothesis of both tests if obtained p-value is smaller 
than 0.05. 

 
RESULTS AND DISCUSSION 
The average high school grade (AHSG) can be viewed as an indicator of students’ 

quality in terms of knowledge and skills obtained before enrolling a faculty. Therefore, we 
firstly analyzed wheather there are statistically significant differences in AHSGs for 
examined generations of students. The presence of significant differences can indicate 
that we actually have substantially different generations considering their learning abilities. 
The results of the comparison are presented in Tables 2 and 3. It can be observed that: 

1. The generations have very close average AHSGs. Moreover, AHSG for all three 
generations has a small standard deviation implying that the majority of students 
belong to the class of students with very good performance in high-school. 

2. The null hypotheses of both non-parametric statistical tests were accepted which 
means that there are no statistically significant differences between the Java and 
Modula-2 generations regarding their high-school performance.  

 

Table 2. The average AHSG and its standard deviation per generation. Mode denotes the most 
frequent class of students according to the official classification of AHSG.   

Generation Average Standard deviation Mode Frequency of Mode 

G2012 4.11 0.59 very good 58.44% 

G2013 4.15 0.59 very good 50.53% 

G2014 4.23 0.54 very good 51.89% 
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Table 3. Statistical comparison of AHSG.  

G1 G2 
MWU test KS test Null 

hypotheses U p-value PS1 PS2 D p-value 

G2014 G2013 3347 0.28 0.54 0.44 0.16 0.26 ACCEPTED 

G2014 G2012 3994 0.46 0.53 0.46 0.11 0.59 ACCEPTED 

 
Table 4 shows the percentage of students that passed the “Introduction to 

programming” course per generation, as well as the average grade of students which 
passed the course. All students are taken into account when counting the number of 
students that passed the course – those that not fulfilled the prerequisites to approach the 
final exam, as well as those that fulfilled the prerequisites but have not passed the exam in 
all exam periods available during the appropriate school year. Previously mentioned 
categories of students were supposed to take the course again in the next school year. It 
can be seen that the Java generation has a considerably higher pass rate than the 
Modula-2 generations, but the average grades of students that passed the course are 
approximately the same. It is important to emphasize that the pass rate by itself cannot 
indicate that one generation had better performance at the course (e.g. students from a 
generation with a lower pass rate can have systematically higher grades than students 
from a generation with a higher pass rate). In our comparative analysis of the generations 
we will focus primarily on obtained grades at the course. On the other hand, the impact of 
the pass rate to the overall success of the generations at the course will be investigated in 
the case that there are statistically significant differences between generations considering 
obtained grades.  

 
Table 4. Summary statistics for the “Introduction to programming” course. AVGG denotes the 
average grade of students that passed the course. 

Generation Passed [%] AVGG 

G2012 60.26 7.62 

G2013 53.61 7.75 

G2014 71.95 7.49 

 
The application of the MWU test and obtained probabilities of stochastic superiority 

revealed that the students from the Java generation do not tend to have systematically 
higher or lower grades at the course compared to the Modula-2 generations (Table 5). 
Similarly, the null hypothesis of the KS test is accepted in both cases implying that there 
are no statistically significant differences in the distribution of grades per generation. 
Figure 1 shows the distribution of grades for all three generations. It can be noticed that in 
each generation we have the same pattern: the largest fraction of students are those who 
failed to pass the exam, then the next largest fraction obtained the lowest grade, the third 
largest fraction are those students which demonstrated exceptional knowledge and skills, 
while the medium grade is considerably less frequent compared to the lowest and the 
highest grade. Cumulatively speaking, 25-29% of students in all three generations 
obtained a grade higher than or equal to 8. Therefore, we can say that approximately a 
quarter of all students per generation demonstrated solid understanding of basic 
programming principles and solid programming skills, i.e. knowledge and skills that enable 
them to comfortably follow subsequent programming related courses.    
 
Table 5. Statistical comparison of grades for the “Introduction to programming” course.  

G1 G2 
MWU test KS test Null 

hypotheses U p-value PS1 PS2 D p-value 

G2014 G2013 1672.5 0.41 0.33 0.42 0.07 0.99 ACCEPTED 

G2014 G2012 1441.5 0.72 0.36 0.4 0.09 0.96 ACCEPTED 
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Besides “Introduction to programming” (ITP), our students of informatics profiles also 
have two other obligatory courses in the first semester: “Elements of mathematical logic” 
(EML) and “Mathematical Analysis 1” (MA1). Therefore, we also compared performance of 
the generations at the aforementioned courses. Table 6 shows summary statistics for EML 
and MA1. Both mathematical courses have lower pass rate (EML significantly lower) 
compared to the ITP course in all three generations, while the average grades of those 
students that passed the courses are similar to the average grades at the ITP course. 
However, both the pass rate and average grade at obligatory mathematical courses are 
similar for different generations indicating that there are no significant differences between 
the Java and the Modula-2 generations with respect to their mathematical abilities. The 
results of non-parametric statistical tests support this indication (see Table 7). 

 
Figure 1. The distribution of grades at the “Introduction to programming” course. 

 
 

 

Table 6. Summary statistics for the “Elements of mathematical logic” (EML) and “Mathematical 
Analysis 1” (MA1). AVGG denotes the average grade of students that passed the course. 

 

EML MA1 

Passed [%] AVGG Passed [%] AVGG 

G2012 39.74 7.35 55.13 7.72 

G2013 31.96 7.42 46.39 7.84 

G2014 30.49 7.44 52.44 7.49 

 

 

Table 7. Statistical comparison of grades for obligatory mathematical courses in the first semester.  

G1 G2 Course 
MWU test KS test Null 

hypotheses U p-value PS1 PS2 D p-value 

G2014 G2013 EML 401 0.82 0.37 0.4 0.1 0.98 ACCEPTED 

G2014 G2012 EML 397.5 0.86 0.38 0.36 0.06 0.99 ACCEPTED 

G2014 G2013 MA1 1103.5 0.25 0.32 0.46 0.18 0.4 ACCEPTED 

G2014 G2012 MA1 995 0.54 0.34 0.41 0.09 0.99 ACCEPTED 

 
 
Finally, we investigated whether grades obtained at ITP are correlated with grades 

obtained at EML and IM1. The application of the Chi-Square test of independence 
revealed that grades at the introductory programming course are not statistically 
independent of grades obtained at mathematical courses (see Table 8). Obtained values 
of correlation coefficients imply that there are strong correlations between grades obtained 
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at ITP and obligatory mathematical courses for all three generations of students. In other 
words, mathematically gifted students having high grades at EML and IM1 tend to 
demonstrate good programming skills and deep understanting of essential programming 
concepts and principles.     

 
Table 8. Correlations between grades at obligatory first-semester courses.  

  χ2 p Null hypothesis Pearson's ρ  Spearman's ρ 

ITP and EML 

G2012 103.48 1.61E-11 REJECTED 0.77 0.79 

G2013 90.48 2.39E-09 REJECTED 0.78 0.72 

G2014 91.34 1.72E-09 REJECTED 0.73 0.67 

ITP and MA1 

G2012 98.42 1.15E-10 REJECTED 0.79 0.82 

G2013 146.47 0 REJECTED 0.77 0.72 

G2014 81.02 7.88E-08 REJECTED 0.76 0.68 

 

CONCLUSIONS AND FUTURE WORK  
In this paper, we compared students’ performance in the introductory programming 

course considering different generations of students, different in the sense that two of 
them had the course based on Modula-2, and the last one had the course based on Java. 
Moreover, we compared the generations considering their achievements in high school, as 
well as in two obligatory, first-semester mathematical courses.  

The main aim of this research was to investigate the impact of the first programming 
language to the acquisition of essential programming concepts, techniques and principles. 
However, the differences in students’ performance at a structurally equivalent introductory 
programming course can be explained by both external (generations of different learning 
abilities) and internal factors (programming language). Using two non-parametric statistical 
tests we showed that there are no statistically significant differences between the Modula-
2 generations and the Java generation with respect to their average high-school grades 
and grades obtained at obligatory mathematical courses. Therefore, we can conclude that 
the examined generations are of approximately the same quality in terms of their learning 
and cognitive abilities. Finally, the application of non-parametric tests revealed the 
absence of statistically significant differences in grades obtained at the introductory 
programming course for different generations of students. Therefore, we can conclude that 
the programming language used in the introductory programming course does not have a 
deep impact on the acquisition of essential concepts, techniques and principles of the 
imperative programming style.   

The primary goal of the introductory programming course is to make a good basis for 
subsequent programming-related courses. Therefore, in our future work we will also 
compare the performance of the generations in other computer-related courses in order to 
investigate how the first programming language affects students’ abilities to acquire new 
algorithmic techniques, and other programming languages and paradigms.  
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