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Abstract 
Computer Basis is a first-year subject common to all the engineering degrees in the University of 
Oviedo, being one of its main targets the introduction of the students to computer programming. In this 
context, a team of professors launched an innovative experience in which a programming Gymkhana 
was used to reinforce the Python learning within the subject. The Gymkhana was proposed as a 
voluntary activity aiming at improving the programming abilities of the participants and promoting their 
self-learning. It consisted of a set of small programming problems to be solved in different rounds, so 
that the students progressed as they went through the problems. In order to encourage the students to 
participate in the activity, it was accompanied by an additional score to the final grade that depended 
on the number of problems solved, and on the position reached in the final ranking of students. This 
last consideration guaranteed the competitiveness among students, and avoided that some of them 
solved the Gymkhana of their peers.  

The Gymkhana was carried out in three different groups: 1) students of the Degree in Software 
Computer Engineering (SCE), 2) students of the Degree in Chemical Engineering (CE), and 3) 
students of both the Degree in Electric Engineering and the Degree in Industrial Technologies 
Engineering (EE&ITE). Given the peculiarities of these three groups, the impact of the experience was 
evaluated individually. The evaluation was focused on three aspects: the final grades of the 
participants against those who did not participate in the Gymkhana, the percentage of participation, 
and the opinion of the students.  

The material developed by the teaching staff, which includes the Gymkhana system implemented in a 
server accessible from the Internet and a set of programming exercises, proved to be useful as 
reflected in the final grades of the participating students compared to the rest. Regarding the level of 
participation, it was very high in the most related degree (SCE), whilst in non-related degrees it was 
slightly lower (EE&ITE) or notably lower (CE). This fact may be directly related to the lack of interest 
and/or motivation of the students of this subject in non-related degrees, detected at a general level 
among the teaching staff; and it suggests that we must continue promoting this type of ideas that may 
arouse interest among these students. Finally, it should be highlighted that the students who 
participated in the Gymkhana have a very positive opinion about the activity and, in general, they 
consider that it has been useful in both the acquisition and the improvement of programming skills in 
Python. In fact, the larger the number of exercises solved, the better the opinion of the participants. 

Next steps to launch the experience in other degrees and universities in coming years include some 
improvements in the system operation and the redefinition of some exercises, following the 
suggestions made by some participants. 
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1 INTRODUCTION 
For several years now, the so-called online judges have emerged [1] with the purpose of evaluating 
programming problems that are proposed to users, which are usually candidates of programming 
competitions. However, in recent years, these judges have also been used for teaching purposes in 
programming courses [2]. These judges work traditionally by testing the source code of the users and 
by verifying that the problems are solved correctly and in time assumable for any input. In most cases, 
very complicate entries are tested to challenge the completeness of the proposed code.  

Colomina et al. [3] presented a competition between students of a Computer Engineering course, with 
very positive teaching results. This competition is very related to the online judges since, with the 
assignment of scores to each of the proposed tests, a ranking of users can be obtained. Based on 
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these ideas, it is possible to reach the concept of Gymkhana of programming in which, solving 
different tests, students can accumulate points and compete in the ranking of the class. 

Most online judges are proposed to carry out programming codes of different difficulties [4]. However, 
since the purpose of this experience is teaching the basics of programming for students of any 
engineering, we believe that a traditional online judge should not be implemented. Instead, we 
propose a tool not only to check the programming abilities but also to check the theoretical knowledge 
of a student about the programming language, since it is fundamental for a correct development of the 
code. For instance, the first and most basic tests presented to the students consisted of requesting 
them to indicate the value that a certain expression would produce or to write a brief expression in a 
line of code. It should be noted that the case in which a student was requested to evaluate an 
expression is outside the objectives of an online judge, what makes the software of the Gymkhana 
different from those judges. 

Broadly speaking, our target is that students of different engineering degrees acquire basic 
programming skills thanks to gamification; that is, through the use of a Gymkhana, autonomous work 
and self-learning. The rest of the manuscript is structured as follows: Section 2 describes the methods 
carried out in the innovative experience, Section 3 shows the results that include the impact of the 
activity and the level of participation, and Section 4 concludes the manuscript.  

2 METHODOLOGY 
The team of professors involved in this activity developed new teaching material, which includes the 
Gymkhana system accessible through a simple Internet connection and a battery of 40 Python 
programming exercises; all in two languages (English and Spanish), in two versions of Python (Python 
2 and Python 3), and available for a total of four degrees taught in three centers of the University of 
Oviedo. The work methodology consists of three stages that are described in the following sections. 

2.1 Implementation of the Gymkhana system 
The base system of the Gymkhana was deployed in an Ubuntu server of the Department of Computer 
Science at the University of Oviedo, using the Python programming language (the same as the 
students learn in the Computer Basics subject). The use of Python makes of this software portable, 
since it can be executed in any server with a Python interpreter [5]. 

It was a simple system that allowed students to connect from any computer or mobile device with an 
Internet connection. The students had to register themselves the first time that they accessed the 
Gymkhana with their personal university ID number. At that time the system generated a password 
which, combined with the ID number, allowed them to access the system in the future. 

The system saved the progress of each student, which includes the last solved problem and the 
number of wrong attempts to solve each specific problem. 

2.2 Development of a set of programming problems 
A set of 40 programming problems of different levels of difficulty were proposed to be solved by the 
students in the Gymkhana. All these problems were implemented in the Gymkhana system using the 
Python programming language. Fig. 1 illustrates the interface of the Gymkhana system, and an 
example of exercise proposed to the students. 

 
Figure 1. Example of exercise proposed in the Gymkhana. 
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Apart from this set of initial questions, the Gymkhana system enabled the addition of new questions 
over time. In this way, it was ensured that the students had enough problems to solve at all times.   

In addition, two extra programming exercises were proposed for the students attending the group 
tutorials to implement and deliver through a task available in the Virtual Campus of the subject. 

2.3 Preparation of instructions for participating 
A PDF document with detailed instructions was prepared, in English and Spanish, so that the students 
could know all the details of this voluntary activity. The document included not only a description of the 
dynamics of participation in the Gymkhana, with detailed information about how to compute the 
individual scores and the final ranking, but also the steps to connect and access the server. 

Regarding the individual score of the students, they were assigned more or less points depending on 
how far they got in the Gymkhana. In addition to the number of tasks passed, the number of attempts 
needed to solve them was also considered. That is, the 𝑃 score of each student was calculated as 
follows: 

𝑃	 = 	$
1
𝑁'

(

')*
	 

where 𝑛 is the numbers of tasks solved by the student, and 𝑁' is the number of attempts the student 
needed to solve task 𝑖. 

The score of each student was used to make a ranking of students of the group, thus determining the 
winner of the Gymkhana. Participation in this voluntary activity was rewarded with an incentive that 
depended on the relative position reached in the ranking. The incentive was added to the final grade 
obtained by the student in the subject, as long as it was greater than or equal to 5. 

3 RESULTS 
After the evaluation sessions of the subject corresponding to the ordinary call in January, the results 
obtained by the students who participated in the Gymkhana were analyzed and compared with those 
of the students who opted out of participating in the activity. Moreover, it is worth mentioning that the 
day of the lecture exam, the students participating in the Gymkhana were given a brief survey to 
determine their opinion about it, as well as the impact of such activity on their programming skills, and 
their improvement suggestions for later courses. The results of this survey were also evaluated. 

Note that all the results achieved in this experience were analyzed in three different groups, defined by 
the three different centers where the activity was carried out: 

• School of Computer Science at Oviedo: students of the Degree in Software Computer 
Engineering (SCE). 

• Faculty of Chemistry at Oviedo: students of the Degree in Chemical Engineering (CE).  
• Polytechnic School of Engineering at Gijón: students of the Degree in Electric Engineering and 

Degree in Industrial Technologies Engineering (EE&ITE). 

3.1 Marks of the participating students 
With the aim of quantifying the impact of the activity on the programming skills of the participants, we 
considered not only the final grades obtained by the student, but also the marks of the programming 
exercises proposed in such exams, both in lectures and laboratory. The results obtained were 
compared with those of the students who did not participate, as illustrated in Fig. 2. It is worth noting 
that, for a fair comparison, none of the marks reported here include the extra point given to the 
participating students as incentive. 

The differences between the final grades of the students who participated in the Gymkhana and those 
who did not, are the following: +0.7 in SCE, +0.5 in CE, and +1.7 in EE&ITE. Therefore, in all the 
degrees we can observe that the students who participated in the Gymkhana obtained better results 
than the rest. By making a more detailed analysis, using both the lectures and laboratory marks 
individually, as well as the grades corresponding to the programming exercises proposed in the 
corresponding exams, we can observe the following: 
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• SCE: there are differences of up to 1 point in the lectures, both in the programming part and in 
the final grade; while the differences in the part of laboratory are slightly lower (final) or negative 
(programming). 

• CE: there are differences of more than 1 point in the laboratory marks, both in the programming 
part and in the final grade; while the differences in the lectures part are lower (final) or negative 
(programming). 

• EE&ITE: there are differences of more than 1 point in all grades, both in lectures and laboratory 
(programming and final), reaching maximum values of 1.5 points in the final laboratory mark. 

 
Figure 2. Comparison of the lectures and laboratory marks obtained by the students  
who participated in the Gymkhana and those who did not, for the different degrees. 

3.2 Level of participation 
The percentage of students who considered relevant the participation in the proposed activity was also 
analyzed. A total of the 62 out of 107 students of the three different groups participated in the 
Gymkhana, i.e. 57.94%. More specifically, the number of participants per groups is as follows: 35 of 
46 of the CSE students (76.09%), 10 of 35 the CE students (28.57%), and 17 of 26 the EE&ITE 
students (65.38%). Therefore, the level of student participation is high among CSE and EE&ITE 
students, and significantly lower in CE.  

3.3 Level of satisfaction among the participants 
Finally, we analyzed the level of satisfaction of the students who participated in the Gymkhana. For 
this purpose, we collected their responses to an anonymous survey in which they rated the impact of 
the activity on their programming skills, using a Likert scale of 5 points. 

The assessment of the impact of the activity on their programming skills is depicted in Fig. 3, and its 
average for each individual group is as follows: 3.03 in SCE, 3.22 in CE, and 2.64 in EE&ITE. Despite 
the fact that the average assessment obtained is around 3, i.e. an intermediate rating, analyzing the 
data in detail can shed light on other interesting conclusions. 
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Figure 3. Average evaluation of the impact of the Gymkhana on the programming skills of the students 

according to the anonymous survey answered by the participants, for the different degrees. 

The survey conducted included, in addition to the ratings, the number of exercises solved by each 
student according to the following intervals: none, [1,10], [11, 20], [21, 30], and more than 30. In this 
sense, it should be highlighted that the "none" option represents students who registered at first and, 
for some reason, they did not return or were not able to solve any single exercise. It should be pointed 
out that these situations are different from those in which the students did not even have a first contact 
with the Gymkhana. If we analyze the average rating in the different intervals (see Fig. 4), we can 
observe that, in general, the greater the number of exercises solved, the better their opinion about the 
impact of the activity on their skills and knowledge of programming; reaching average ratings between 
4 and 5 in several cases. 

Note that the absence of some bars in the diagram in Fig. 4 means that no student in that degree has 
answered a number of questions in that range. 

 
Figure 4. Evaluation of the impact of the Gymkhana on the programming skills of the students according to 
the anonymous survey carried out by the participants, for the different degrees and taking into account the 

number of exercises solved. 

4 CONCLUSIONS 
An alternative to the educational methods used in the Computer Basics subject has been integrated 
through a digital tool programmed by the authors. The high level of participation among the students 
allowed us drawing several appropriate conclusions, among which it is worth mentioning the degree of 
interest shown by the participants and the commitment of a team of professors to carry out an 
educational action of impact. 

The level of participation of the students was very high in related degrees (SCE), whilst in non-related 
degrees it was slightly lower (EE & ITE) or notably lower (CE). This fact seems to be directly related to 
the lack of interest and/or motivation of the students of this subject in non-related degrees, detected at 
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a general level among the teaching staff. Therefore, it is a problem to whose solution seems not to 
have contributed neither the gamification nor the new teaching tool developed in this experience, thus 
suggesting the importance of promoting this type of initiatives that may arouse interest among these 
students. 

The students who participated in the Gymkhana positively assessed the activity and, broadly 
speaking, their opinion is that it was useful in the acquisition and improvement of programming skills in 
Python. Regarding the ratings received, they were very positive mainly among those students who 
solved a greater number of exercises. In addition, the results obtained indicate that the programming 
skills of the participants improved significantly, through the promotion of their self-learning. 

With respect to the teaching material developed, which includes the Gymkhana system implemented 
in a computing server and the proposed programming exercises, it has proved to be useful as 
reflected in the final marks of the participating students. However, there is room for improvement 
according to comments collected in the anonymous survey. 

The authors plan to launch the experience in other degrees and universities in coming years. For this 
purpose, some improvements will be made both in terms of the Gymkhana system operation and in 
the definition of the programming exercises. 
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