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Abstract— Data structures have been a core discipline in 

Computer Science studies. Several difficulties related to teaching 

and learning of these contents have been detected by the 

academic community. With the aim of obtaining a better 

knowledge about these situations we present the conclusions 

obtained after evaluating the results achieved by the students of 

the subject Programming II, in the first course of the Degree in 

Computer Engineering at University of A Coruña, UDC, (Spain) 

and the students of the subject Data Structures where similar 

contents are taught in the Computer Science Degree at 

Portucalense University, UPT, (Portugal).  

 
Index Terms — absenteeism, learning strategy, assessment, 

performance, data structures, abandonment. 

I. INTRODUCTION 

or years Data Structures has been a core discipline in 

undergraduate computer curriculum, mainly because of the 

fundamental nature of its content. Over the years it has been 

recognized significant difficulty by students, in their learning 

mainly due to the abstract nature of the subject and its 

underlying programming component. Different studies refer to 

various difficulties among which are: the absence of an 

appropriate method of work by students, the complexity in 

designing algorithms to manipulate data structures or the use 

of unsuitable pedagogic methods by teachers [1],[2]. Such 

circumstances lead to two problems of vital importance, 

abandonment of matter by students (absenteeism) and as a 

result, a failure rate that can be considered high. In order to 

achieve a better understanding of these situations and keeping 

the focus of interest in increasing learning success of this 

subjects, this article presents a comparison of the results 

achieved by students enrolled in the Programming II course, 

belonging to the first degree in Computer Engineering from 

the University of a Coruña, UDC, (Spain) and the course of 

Data Structures, which provides similar content in the 

Bachelor of Computer Science at the University Portucalense, 

UPT, (Portugal). 

It is noteworthy that both entities collaborate since 2011, 

thanks to the Lifelong Learning Erasmus Programme for staff 

mobility. The aim of this program is to make easy the transfer 

of knowledge and experiences among teachers through the 

realization of educational visits to other reference institutions. 

This article is structured as follows: section II details the 
underlying theoretical foundations of the study; section III 
presents the main information of interest in both institutions; 
section IV presents a comparative analysis of the results, 
focusing on two main issues success rates and abandonment, 

for 2011/2012, 2012/2013 and 2013/2014 courses; and finally 
in section V the main conclusions are exposed. 

II. CONTEXT. TEACHING AND LEARNING DATA 

STRUCTURES  

Data Structures form one of the core elements of 

undergraduate computer curriculum, since many years. 

Association for Computer Machinery (ACM), the oldest 

computing scientific and educational society, has been 

involved, since 1968, in the development of curriculum 

recommendations. In that year it published the text 

“Curriculum68: Recommendations for the undergraduate 

program in computer science” [3], in which a course named 

Data Structures was included. Also in the 1978 text, ACM 

describes the CS2 course: Computer Programming II [4]. 

Since then all ACM recommendations (Computing 

Curricula) have had a wide influence, being used as a guide 

for the design of computer curricula worldwide. Despite all 

the changes proposed in the ACM recommendations for  

Computer Science curricula, study data structures has 

remained mandatory. 

Over the years there have been various problems associated 

with the teaching and learning of data structures and different 

issues have been raised by the educational community. Among 

them worth mentioning some of the most significant: 

How to help improve the learning process? Students 

encounter difficulties when dealing with the contents due to 

the abstract nature of the subject. In order to facilitate the 

learning process different tools to visualize the data structures 

have been proposed over the years [5] - [7]. 

What should be taught to students? Does the teaching 

should focus on the details of each data structure? Or maybe 

would it be convenient to focus learning on their use and 

application? Some theories argue that, despite the importance 

of the student knows how to build data structures, knowing 

when and how to use them is a priority [8], [9]. 

How to make algorithms programming for manipulating 

data structures easy? In a discipline of data structures students 

not only have to know the basic theoretical concepts but also 

acquire skills that enable them to select the most suitable data 

structures for solving a given problem and how to program 

them. 

Usually the topic of programming is an added difficulty for 

students. Different strategies and tools to mitigate these effects 

have been presented [10] - [12]. 

What programming language shell be used for the study of 

data structures? It is a controversial issue that has been a 

source of debate throughout the years. Already in 1997 Weiss 
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described the experience of using Java in teaching the 

discipline of data structures [13]. Some authors even publish 

different versions of the same book, using different 

programming languages [14]-[17]. Such publications vary in 

the language used and focus the study of data structures in an 

abstract manner using pseudocode, which helps to focus solely 

on the data structures and algorithms associated with them 

without regard to implementation details. This experience 

allowed them to conclude that the language is merely an 

implementation tool. This reinforces our view that the issue of 

programming language selection is not relevant. While the 

topic is widely discussed in the literature, the institutions 

apply various alternatives (Java, C / C ++ or other). 

III. DESCRIPTION 

2010/2011 was the year of implementation of the Degree in 

Computer Engineering at the University of Coruña (UDC), 

adapted to the European Higher Education Area (EHEA). It 

was also the first year of introduction of the data structure 

contents in the curricular plan, in a discipline called 

Programming II (ProII). 

The experience of introducing those contents in the referred 

course plan makes us fully aware of several potential 

problems. This concern led to make, just from the time of the 

inclusion of the new material, an intensive monitoring of 

academic results achieved by students, in order to draw 

meaningful conclusions, and evaluate both its performance 

and our teaching skills. 

In this way we can know the main weaknesses in order to 

tackle them, as far as possible, with the appropriate corrective 

actions. 
 

ProII is a first year course belonging to the Programming 

Languages block from the Basic Training Module of the 

degree in Computer Engineering, with a total of 6 ECTS 

credits associated. It maintains a strong dependence on matters 

of Programming I (ProI), Discrete Mathematics and Basic 

Computer taught in the previous semester. The contents that in 

UDC are assigned to the discipline of ProII are taught in 

subjects with different names depending on each university 

and appear positioned in different ways in curricula, including: 

(i) as a course of between 6 and 7.5 ECTS, taught in the 

second semester of the degree (in UDC), (ii) as part of a 

course of 12 ECTS credits, taught in the second semester of 

the degree, and also including the contents that are taught in 

ProI at UDC, (iii) as a course of between 6 and 7.5 ECTS, 

taught in the third semester (second year) of the degree. 

After an in-depth assessment of the results, detected the 

main problem and, in order to meet the teaching approach at 

other universities, both in terms of skills, and organizational 

and evaluation, a collaboration with the Portucalense 

University situated in Porto (Portugal) emerged,  through the 

Lifelong Learning Erasmus program for teachers mobility. 

Those responsible for the destination university offered to 

participate in the teaching of the subject Data Structures (DS), 

where analogous contents to ProII are taught. 

The main difference we found was that DS is a second year, 

first semester course, with 6 ECTS credits. It maintains a 

strong dependence on Algorithms and Programming and  

Object Oriented Programming courses, taught in the first 

academic year. 

This situation will allow us to know if, at least in part, the 

problems identified in our university may be related to the 

status of delivery of the contents of interest in the curriculum. 

The teacher’s mobilities, which were repeated in successive 

courses, allowed to know the planning and content structuring 

in the host university, share knowledge and experience and 

begin a collaboration that continues today. 

In the next paragraphs we describe the learning objectives 

and the pedagogical and assessment methods used in each of 

the universities involved in the study. 

A. Learning objectives  

In order to provide a general idea of the contents taught in 

the courses ProII (UDC) and DS (UPT) and also to know what 

the expected results are a brief description of them is 

presented. 

The main ProII contents can be summarized in three blocks: 

(1) Pointers and dynamic memory management, 

(2) Introduction to abstract data types (ADTs), 

(3) Programming using dynamic and complex data structures. 

 

As learning outcomes, it is expected that students acquire 

the following skills: 

(a) To know and use dynamic memory management 

mechanisms, 

(b) To know ADT specification mechanisms, 

(c) To program algorithms for the manipulation of data 

structures designed to solve real problems (lists, stacks, 

queues and trees), 

(d) To internalizing good programming practices. 

 

Meanwhile the curricular unit DS in UPT aims to introduce: 

(1) The basic concepts of abstract data structures, 

(2) The behavior associated according to the static and 

dynamic performances. 

As learning outcomes, it is expected that students acquire 

the following skills: 

(a) To know the operation and understand the usefulness of 

the most relevant abstract data structures (lists, stacks, queues 

and trees) 

(b) To know how to select and use the appropriate data 

structures to solve a given problem, 

(c) To know how to implement data structures using dynamic 

memory management. 

  

B. Methodology 

 

The experience presented in this paper includes a 

comparative study of the results achieved in both universities 

considering the objectives mentioned above, dropout rates and 

success. To this end the results achieved during the 

2011/2012, 2012/2013 and 2013/2014 courses are handled. In 

order to analyze in detail the results of both universities it is 

also of interest to know the teaching methodology used, that in 

both cases is based on students active learning. 

 With regard to UDC, teaching is divided into three 

sections: (1) lectures, (2) laboratory practice and (3) 
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troubleshooting seminars. In the theoretical classes the topics 

and objectives, with a fully practical guidance and requiring 

student collaboration are described. In the troubleshooting 

seminars practical assumptions for development, resolution 

and sharing are presented. This type of group activity 

promotes the development of useful skills for professional 

practice as communication and teamwork [18]. Laboratory 

practices require the construction and use of data structures in 

a high level programming language for solving small practical 

problems. This mandatory work is developed in groups to 

enhance trans-disciplinary skills such as teamwork, decision-

making, organization and planning. 

In UPT there are two main blocks: (1) theoretical/practical 

classes where the fundamental concepts of abstract data types 

are presented, often using interpellation with students and 

learning by cases, and (2) practical classes aim to develop 

specific skills, through the resolution of practical exercises on 

the computer that are addressed in groups of two students. 

On the subject of the programming language used there are 

differences between institutions. Pascal is the language used in 

the UDC; the choice is justified only for practical reasons 

because this is the language used to introduce students in their 

first contact with programming in the ProI subject in the first 

semester. Since ProII is taught in the second semester and 

considering the difficulties students have in programming, it 

was considering not a good idea to introduce another 

language. An alternative might be some language widely used 

in the professional field as C, C ++, Java, C # or Python. This 

occurs at UPT where, after a first year of programming (in the 

first semester students use C in Algorithms and Programming 

and Java in Objet Oriented Programming, in the second 

semester) students have sufficient background to implement 

the various data structures in a language like Java. Anyway, as 

indicated previously, it is considered that the language is only 

an implementation tool. 

C. Evaluation 

This section describes the evaluation criteria applied in 

both universities, information of interest because it could 

influence the final grades achieved by students. In both 

entities a method of continuous evaluation is used, mainly 

based on practical assignments, developed both individual and 

pair wise. In both entities the evaluation involves three 

aspects: a theoretical written test, practical (made in pairs), 

and a series of practical tests that are individually resolved. 

However, the weighting associated with each of these items in 

the calculation of the final mark differs considerably in both 

institutions. 

  

In UDC the assessment of theoretical written test is very 

high, 75%, while the remaining 25% is split between the two 

other items at a rate of 20% practice, and 5% problem 

resolution. UPT gives the highest score to practical student 

assignments, thus only 30% is allocated to the written 

examination while the remaining 70% is distributed 40% to 

practice in pairs and 30% to individual practical work. 

In both universities the practical work aims the resolution 

of a simplified version of a real problem using the data 

structures presented in theory, and its implementation using 

the referred programming languages. In the case of UPT 

students perform 3 practical tests throughout the course, the 

first two in pairs and a last one individual. In the case of UDC 

students must perform two practices in pairs. In both 

institutions the results of each practice are provided to students 

in order to give the necessary feedback before the next test. In 

addition, it is worth mentioning that a minimum score on the 

practical test is required to pass the subject. 

IV. RESULTS 

Concerned about the results achieved by our students and 

with the aim of raising the necessary changes, we conducted 

an exhaustive study for three academic years, 2011/2012, 

2012/2013 and 2013/2014. As previously commented along 

these years the main problems identified were: (a) the success 

rate and (b) the rate of students absent from the tests. Thus, in 

this section we address both issues in detail based on the 

results. In order to shed some light on the difficulties 

encountered and delving into the origin of them, a 

comparative analysis with the results achieved in the UPT is 

provided. It is noteworthy that the number of students enrolled 

in the UDC is considerably higher than the UPT consequently 

the number of student groups is higher in the case of the UDC 

however, in both institutions the average number of students 

in each of these groups is similar (around 25-30 students). 

A. Success Rate 

As a first step in the analysis of results achieved by the 

students, we focus on grades. Fig. 1 shows a comparison of 

the scores achieved by the students presented in both 

universities. First we focus on the results of the UDC. As 

shown in Fig. 1 for the year 2011/2012 a 30.69% of the 

presented students fails to pass the course, a 40.91% achieves 

the minimum score (approved), a 23.29% get a remarkable 

and only 5.11% reaches the highest rating. During 2012/2013 

the distribution of students that succeed is mainly divided 

between approved (32.10%) and remarkable (26.30%), only 

4.50% of students reach the highest rating. Finally, in the 

course 2013/2014 results follow the same line; from the 

37.03% students presented in the tests only 5.44% obtained 

the maximum rating, 31.29% a remarkable and  25.17% just 

approved. 

As shown in Fig. 1, the main difference from the results of 

UPT is in the percentage of students reaching the highest 

rating. During 2011/2012 only 5.11% of students presented at 

the UDC reach the highest rating compared to 25% who get it 

in the UPT. 

During 2012/2013 the difference is smaller but still 

significant, 4.50% of the UDC against 13.33% of the UPT. 

The biggest difference is seen in the course of 2013/2014, 

although in this case, in a timely manner the difference is 

favorable to the UDC. 

    Regarding the number of students who fail to pass the 

subject, Fig. 1 shows as these percentages are high in both 

institutions (between 30% and 40%) and relatively similar 

with the exception of 2012/2013, where a substantial 

difference, 53.33% in the UPT appreciated against the 37.20% 

obtained in the UDC. 
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After analyzing this result it is found that the value of UPT is 

punctual and that the trend is shown for the other two courses. 

Therefore, the fundamental difference between the two 

institutions is in the percentage of students attending the 

exams reaching the highest rating, this being much higher in 

the case of UPT. For all the other categories, although with 

some specific differences, the percentages follow the same 

line. Here comes in the evaluation method applied in UDC 

where the weight of the written exam in the final grade is high. 

Studying in detail the results it can be observed as the UDC 

students who get a good grade in practices and troubleshooting 

problems do not reach the highest possible grades in the 

examination and that makes them stay in the remarkable and 

not reach the highest marks. This leads us to reflect and 

rethink the weights of the various activities in the assessment 

method: it seems reasonable to reduce the weight of the 

theoretical test and increase the weight of other activities that 

objectively evaluate the ongoing work of students. 

 

B. The problem of non-presented students 

The second thing to note is the number of students presented 

for evaluation. Fig. 2 shows the percentages of students 

submitted and not submitted for evaluation considering the 

total enrolled since the academic year 2011/2102 to 

2013/2014. In the graphs it can be seen as in the year 

2011/2012 in UDC a 39.31% of the students enrolled were not 

submitted to examination; in 2012/2013 this percentage is 

even higher reaching 54.65% being this value exceeded in the 

2013/2014 course assuming 62.97% of the total. We are 

therefore faced with a crucial problem that we need to address 

and try to tackle as far as possible. To this end, we have tried 

to delve into the reasons for the abandonment, understood as 

the renunciation of evaluation submission. Many of the 

waivers occur even before starting the quarter, since there are 

students who no longer are incorporated as such and in 

principle are out of any evaluation process. Other students 

stop attending class, either because they prefer to concentrate 

their efforts on other more affordable subjects according to 

their level of competence or their training is not enough to 

successfully meet the course. 

Few studies shed light on such student types [19], [20] 

however, reports that clarify this problem attribute, 

surprisingly and in light of the students opinion, mainly to 

external causes such as organizing schedules subjects and, to a 

lesser extent to the teaching methodology [21]. 

The study on the possible causes of abandonment reveals that 

one of the main reasons is the inability to achieve the 

competencies and skills that students must acquire in ProII, to 

solve the proposed practical cases. We considered that the 

possibility that the problem also lies in not having achieved 

the competencies and skills required and which are supposed 

to be previously acquired. 

Teachers believe that the situation of ProII in the curriculum 

(second half of the first year) could not be correct because at 

this point the students have poor base from the point of view 

of programming. The heavy reliance on the subject of ProI is a 

major handicap.  

For this reason we are now interested in reflecting on the 

results achieved in UPT. In this case, due to the structuring of 

the curriculum, students have a first full academic year where 

they receive training with regard to matters relating to 

programming. Specifically Algorithms and Programming (first 

semester of first year) and Object-Oriented Programming 

(second semester of first year). In our opinion, this situation 

allows students to get better programming skills. Thus, we 

compared the results based on the percentage of students not 

presented in ProII and DS at both universities. 

Fig. 3 shows the percentages of student’s not present, 

succeeding and failing at both institutions for the academic 

years 2011/12 to 2013/14. 
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As it can be seen the rate of non-presented students is, in 

general, lower in UPT. A detail that should be noticed is the 

increasing trend of non-presented students in UDC over the 

three academic years (39.30% in 2011/2012, 54.70% in 2012 / 

2013 and 62.97% in 2013/2014). However, the trend is 

reversed in the case of UPT where the percentage is 28.20% in 

2011/2013 decreasing, progressively, reaching 9.53% in 

2013/2014. The main difference between the two institutions 

is that in UPT the delivery of the main subjects of interest is 

performed in the second year after the study of subjects related 

to programming throughout the first academic year. In fact, 

despite the UPT teaches the subjects in the second year, the 

teachers involved indicate that most of the students who have 

not studied the subjects considered as a prerequisite leave, not 

being able to follow the content. Teaching the contents of 

interest in the second course allows students to have more 

relevant basic knowledge, unlike what happens in UDC where 

strong dependence from ProI in the first course translates into 

a large number of students without requiered knowledge and 

not enough time to assimilate it. This is a structural problem, 

for which there is no short-term solution, since it affects the 

curriculum established in the university. However, aware of 

these limitations, the teacher poses some alternatives to 

alleviate, as far as possible, its consequences. Well worth 

mentioning, the implementation of a plan of student 

motivation since the beginning of the semester, discussing 

what are the myths about overcoming matter, adding 

reinforcement classes to strengthen basic concepts, and 

reinforcing personalized tutoring work allowing small group 

classes. As an attempt to avoid losing the students in the areas 

of programming, it is drawn jointly with the ProI (first half) 

teaching staff a continuing education program that allows 

students to address, in the best way possible, content 

associated with programming matters. The aim is to avoid, at 

least in part, absenteeism or abandonment by students in the 

field. 

V. CONCLUSIONS 

Reflecting on the results achieved by students should be 

standard practice, not only to detect strengths and weaknesses 

in our educational project but to seek solutions to correct 

deficiencies. In order not only to improve success rates but to 

better educate our students, we have made a small work of 

introspection in the teaching of the subject of ProII that has led 

us to research how the teaching of such contents in other 

institutions is. This fact has led to a continued collaboration 

with the UPT teaching staff through teacher mobility 

programs. 

As for the main problems we face in the delivery of content 

associated with ProII and after a comparison with the 

approach used in UPT we can conclude that: 

(1) As for the success rate, the main differences are located 

in the percentage of students reaching the highest rating, with 

much lower values in the case of UDC. The main reason is the 

difference in weight assigned to each of the items that are part 

of the evaluation process. In the case of UDC the weighting 

associated with the theoretical single written test is high, 75%, 

and this makes that students with the highest rating in the 
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practical and problem solving items (20% and 5% respectively 

of qualifying total), not reach the highest rating. Consequently, 

the vast majority of the scores achieved by these students are 

concentrated between the approved and remarkable. 

(2) With regard to the problem of non-presented students 

and based on the results shown in Section IV.B. it can be 

concluded that  teaching this matters in the second half of the 

first course has a number of drawbacks that are apparent when 

students face the contents of the subject: lack of basic 

knowledge or limited time available to assimilate knowledge . 

The teaching methodology, based on active student learning, 

requires students to perform a continuous work involved in 

delivering various works and laboratory practice and 

sometimes fail to cope with the tasks conferred. ProI strong 

dependence explains the high dropout rates of the subject. The 

curriculum in UPT, where the contents are offered in second 

year after a first course with matters related to programming 

promotes student learning and this is reflected in the results 

where the rate of non-presented students in UPT differs 

significantly with respect to UDC, being much less. Therefore, 

we find our idea of the need for a complete pre-programming 

course for students to entrench their knowledge base and thus 

can adequately deal with the topics that concern us. In this 

way, it could be avoided, at least in part, absenteeism or 

abandonment by students in the field. 
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