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Abstract: In addition to broad support for object-oriented (OO) adaptability, it is difficult and challenging for students to master the basic OO concepts. 
This suggests the need to improve research to identify cognitive difficulties for minimizing the dropout ratio of students in programming courses as well 
as improve overall learning performance. In this paper, the competency model is designed for determining the major competencies required for 
mastering the skill of OOP. The competency model is also used as the expected learning outcomes intended to achieve for learning OO. The survey is 
conducted to identify the difficulties that are attained at each specific level of competence. The results of the student's observation of the completed task 
indicate that for students, identifying classes, defining states and behaviors, associations between classes, creating objects from specific classes, and 
other basic OO features in a given problem scenario are challenging for the students to be masters in. In addition, the results of student feedback 
indicate that improper feedback on high-cognitive topics, lack of comprehension of basic concepts, and difficulties in teaching methods have become the 
main reason for students' lack of interest in learning OO. The findings of this paper would be helpful for educators to reduce the difficulties by providing 
simplified teaching methodology or any an interactive learning environment. 
 
Index Terms: difficulties, learning outcomes, learning environment, Object-oriented. 

——————————      —————————— 

1 INTRODUCTION                                                                     

Programming involves algorithm design, code writing, 
debugging, testing, and implementation. Students need to 
master these stages to become good programmers. Computer 
programming is entirely related to problem-solving, but 
students are not expected to solve complex problems; first, 
they need to start from learning basic concepts to build a 
higher cognitive understanding and possibly a better grasp of 
advanced programming concepts. Problems that enable 
students to master programming concepts include identifying 
different ways the programming problems are presented and 
solved. The transition from one programming paradigm to 
another (from procedural programming to OOP) is also difficult 
because it includes many overlying concepts[1]. Object-
Oriented(OO) approach provides many benefits like it reduced 
the overall software development time, provides the code 
reusability and flexible way to organize the code, however, 
Learning OOP requires expert-level software development 
skills, therefore, it‘s become complex for students to clearly 
understand the underlying concepts of OOP. At the foundation 
level, if the students are presented with the complex and 
technical problems, the result may not only compromise their 
grades but also lose their interest or demotivate towards the 
subject. Learning Programming is a daunting task, OO 
programming specifically is natural domain to work with [2] 
and it is difficult and challenging for students to understand 
and map the OO concepts OOP (e.g. class, object, attributes, 
methods, method passing, inheritance, polymorphism and 
encapsulation) with real-life scenarios[3]. The reason behind 
the difficulties in learning OO needs to be addressed at the 

earliest level to avoid low learning outcomes and reduce the 
frustration to grasp the advanced topics of OO. Alongside the 
widespread support for OO and to master the students in OO 
concepts, this study focuses on refining the research on 
cognitive difficulties faced by the students while learning in a 
way that will offer guidelines for better designing respective 
education. 

 
2 RELATED WORK 
There are diverse dynamics related to the difficulties 
experienced by the students while learning OOP. Thomasson 
[4] designed two phases of experimental design for the 
difficulties students faced in the software development 
process. The topics covered in the study were related to the 
classes, objects, and reference classes. In the first phase, the 
UML diagram for model classes was supposed to be designed 
by the students, in which they are supposed to identify the 
required classes and their relevant attributes and methods. In 
the later phase, the same students were presented with a 
different problem in which they are asked to design courses for 
car rental companies with multiple warehouses, cars, and 
customers. Finally, to support the final system, students need 
to create a class diagram. The most common difficulty 
observed because of the experiment was related to Non-
Referenced Class fault means students were not able to 
integrate the classes properly into the design. Other observed 
challenges were related to references to Non-Existent 
Classes, attribute identification problem, and cohesion issues 
such as single Attribute misrepresentation faults, multiple 
attribute misrepresentation faults, multiple object 
misrepresentation faults, etc. Or-Bach and Lavy [5] explored 
the cognitive difficulties the 3rd year students studied OOP 
and OOD(Object Oriented Design). The testing instruments 
include the question related to basic OOP concepts, such as 
classes, inheritance, and polymorphism. The different items 
were presented to students, and solutions supposed to be 
solved by the students were not abiding by any specific formal 
notation so that the Identification of the cognitive difficulties 
could be possible without worrying that how well students they 
remember and know to implement the notation they had 
learned some time before. Moreover, the students' solution 
indicated that only attributes in the abstract class were 
included, but they were fails to include methods of any type. 
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Some students also include extra classes (classes that are not 
related to the solution, and classes that can be integrated into 
existing classes' methods or attributes). They missed adding 
the necessary class details, placing insignificant attributes 
within the class, and reducing cohesion. Sheetz[6] study 
focused on identifying OOP difficulties by the undergraduate 
and graduate students of information systems. The specific 
problems presented to the students were about to classify the 
categories of OO concepts, provide the rank of importance 
and determine the relationship between categories. The study 
results revealed that learning basic OOP concepts, issues of 
design problems and programming techniques are difficult for 
the students. The research results show that learning basic 
object concepts is the most difficult for students, followed by 
design problems and programming techniques. It is also 
difficult for students to distinguish the functions of 
programming language and OOP language and to use or 
reuse class libraries. Noa Ragonis[7] collected the 
observations and field notes, audio and video recordings, and 
collection of Artefacts as well as homework assignments, 
classwork, examinations, final projects for the two semesters 
to precisely identify what concepts were understood and what 
concepts were problematical to the students. The most 
common problems arose during the analyses was difficulty in 
the general picture of the program exaction, state-changing 
during execution, the sequence of method invocations related 
to solving the problem, method invocation, where the values of 
parameters come from and where the return value of a method 
goes to, the need for the input instructions, the connections 
between the constructor declaration, invocation and the 
execution.  Topics related to understanding memory-related 
concepts, such as copy constructors and virtual functions, 
pointers, the execution of programs in terms of memory, how 
to store them in memory, and how they are related to each 
other in memory are struggling enough for students. Many 
misconceptions have also lain about the memory operation in 
the students. The precise construction of the mental model of 
what happened within the machine and the memory while the 
program is running, when the object attempts to communicate 
with another object, and how it solves the problem, is difficult 
for students to understand [7]. Students faced more difficulty 
understating and implementing high-level concepts such as 
algorithm designing, methods, designing a program, and OOP 
concepts compared to topics with low-level conceptual 
difficulty such as understanding the syntax of any language 
[7]. Even though the current teaching method applies the 
segmentation to the complex topics into easily understandable 
pieces but it is still hard for novices to leap from understanding 
to applying the concepts [8]–[10].  Such methodology is as a 
novice is limited to the surface knowledge of the subject, 
whereas experts have an in-depth understanding of their 
subjects, which is hierarchical and many layers. Liberman [11] 
addressed the student's difficulties and misconceptions in the 
topics related to interfaces, inheritance, and polymorphism. 
The difficulty lies in understanding these topics, but 
implementing these topics is becoming a challenge for the 
students. A study by Jenkins [12] shows that demographic 
factors and programming experience are not an essential 
basis for programming success. So, to understand the 
difficulty of learning programming, we can turn to the cognitive 
perspective. Therefore, Jenkins reports two cognitive factors: 
motivation and learning styles, which can make learning to 
program difficult. He claims that students with the right 

learning style are motivated to learn and master programming 
skills quickly. It is important to understand students' cognitive 
styles, learning styles, motivations, and other possible factors 
to alleviate learning problems and difficulties. Gomes[13] 
describe similar ideas. They propose a multimedia 
environment that includes several types of problem-solving 
activities to attract students and develop the motivation to 
learn to program. The reviews regarding the OOP concepts 
includes the difficulties in the comprehension of all basic 
quarks of OOP such as Classes, Objects, methods, attributes, 
abstraction encapsulation, polymorphism, events, debugging 
and message passing.  In addition, the studies included in the 
literature review conclude that obstacles arise because of the 
motivational problems that may be due to an uninteresting 
approach to teaching OOP concepts such as starting with 
technical language details, learning and practice environment 
complexity, improper or incomplete feedback on the activities 
of students and fear of failure during the course. As this 
research is concerned with the field of OOP, the difficulties and 
myths associated with OOP are therefore considered to be 
resolved by providing an environment in which students' 
motivation is sustained by beginning the basic 
conceptualization in a way that is entertaining and engaging. 

 
3 COMPETENCIES REQUIRED FOR MASTERING OOP 
Competence refers to the cognitive abilities and skills that an 
individual has or may learn to solve a specific problem [14]. 
Regarding measurement, Klieme[15] stated that competencies 
are the range of situations or tasks that one needs to be 
master, and assessment of those competencies might be done 
by challenging the student by providing the sample of such 
(eventually simulated) conditions. The competency model 
results from such identification that describes and measures 
the primary competencies subjects for an individual must 
master in a specific topic. Havenga [16] discusses how high-
performance student programmers can facilitate successful 
computer programs through thinking processes and strategies. 
The proposed model is intended to assess student skills 
improvements in initial programming courses. The score(s) in 
their model would be attributed to the student's work in the 
same way that the teachers assign a score for the semester 
test. This research aims to find the difference between 
successful programmers and failed programmers, and showed 
that a framework is needed to support novice programmers. 
However, no evidence is available for the measurement results 
based on this model as per our knowledge. Karmer [17] 
proposed the OOP's competency structure model and 
evaluation instruments. To measure the student's 
competencies in OOP, the proposed model includes two major 
components: 1) a set of candidates for competencies, and 2) a 
category system that supplies a structure for these 
competencies. The model has the four dimensions and 
subdimensions about competencies required for acquiring 
core programming knowledge and competencies required to 
understand any system's formal description, such as syntax or 
the semantics of any programming language, competencies 
related to the Problem-solving stage, such as understanding 
the problem, determining how to solve the problem, translating 
the problem into a computer language program, testing, and 
debugging the problem program, and the last one is factors 
like volition, motivation, self-efficacy, perceived understanding, 
or theoretical values). The findings obtained from the 
Ramanauskait˙e [18] level-based competency structure for OO 
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courses indicate that the distribution of scores and the 
importance of the proposed e-evaluation process are more 
similar to the teacher evaluation than the conventional e-
assessment system tasks. Instead of displaying the summary 
score of all skills, you will see the results of many tasks. The 
author has nevertheless implemented the model in any current 
study framework. Discussing the various competency models, 
it is observed that none of the models described that how the 
competencies should be evaluated; it is, therefore, the 
researcher designs the competency model themselves. The 
designed Competency Model(CM) is presented in Fig. 1. The 
designed CM is used to describes the student's competencies 
that we want to assess, such as knowledge, skills, or other 
attributes. CM is used primarily to support the reasoning for 
specific purposes, such as providing scores for students' 
homework or assignments, certificates, diagnosis, or further 
guidance. A group of knowledge and skills in CM are called 
nodes. A more specific CM version is called the student model, 
which describes competencies at a finer granularity, such as 
transcripts or progress reports. This research study 
emphasizes the achievement of competencies related to the 
"understand structures" and their underlying sub-
competencies. The sub-competencies of "understand 
structures," which are "understanding inheritance", 
"understanding of classes," and "understanding of objects," 
and their sub-competencies (that is, the shaded parts in Fig 1) 
are focused in this research study. The competency 
"understanding inheritance" has sub- competency or tasks 
"sub- and super-classes." The node "identification of class" 
does not include any sub-competency; therefore, it is referred 
to as concrete tasks/activities. The competency "creation of 
class" have two sub-nodes related to the "define the status" 
and "define behaviors," furthermore, the "define state" and 
"define behaviors" have other child nodes, considered as 
concrete task/active nodes. 
 
  
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Competency model for mastering OO knowledge and 
skills 

 
4 THE EXPERIMENTAL SETTING 
In order to investigate the difficulties students faced while 
learning OO, a questionnaire was designed, including two 
parts; the first part was about the participants' demographical 
details; in the second part, a problem scenario depicting the 
hospital management systems was designed. A model-test 
involving the various activities related to OOP concepts was 
presented to the students based on problem-scenario. A total 
of 319 students from four separate universities participated in 

this research. All the participants were grouped in the same 
age category, i.e., in the range of 18-25 age group. The 
volunteer participants were comprised of 26% of females and 
74% of male participants. The participants were enrolled in the 
second term of their degree programs related to the 
Information Technology and Computer Science. Five questions 
where are asked for the investigation about the difficulties for 
individual OO competencies. The questionnaire is formulated 
based on the Goal Question Metric (GQM) method[20]. Fig. 2 
illustrates the GQM definition phase. This approach ensures 
the questionnaire aligns with the required OO competencies.  
The questionnaire was developed based on the Goal Question 
Metrics (GQM) method [20]. Fig. 2 illustrates the GQM 
definition phase, which includes the different question that was 
asked during the investigation. This approach ensures that the 
questionnaire meets the required OO capabilities. 

Fig. 2. GQM for identification of difficulties faced by the 
students 

 
The question was also aligned to achieve the different levels of 
Blooms [21]. The upper and lower levels of outcomes intended 
to achieve by various questions are shown in Fig. 3. 

 

 
 
Fig. 3. Alignment of questions with different levels of Blooms 

learning outcomes 
 
After performing the investigations, the evaluation is performed 
to know student‘s feedback for various factors that hindrance 
in learning OO. The evaluation proforma consists of the items 
for the following categories: 

1) Procedural programming Vs. OOP 
2) Understanding OOP concepts 
3) The motivation for learning OOP 

 

5 RESULTS AND ANALYSIS 
The result of the investigation was done in two phases, in the 
first phase the 5 questions were asked from the students, and 
difficulties were identified by assessing the solution performed 
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by the students, in the later phase feedback survey were 
conducted to know learning experience of the students 
towards learning OO.   
 
5.1 Results of Students Investigation  
The investigation results on students' performance in solving 
OOP-related have shown that students have difficulty in 
almost every activity; however, each activity has different 
results, as presented in Table-2 and Fig. 4. Students feel more 
difficulty in solving the activity-1 for providing the complete or 
correct or even partially correct answers for the activity-1; 
moreover, it has been observed from the results that most of 
the students presented the wrong answer or no answer at all. 
Furthermore, students performed better for activity-5, which is 
about ―generalization‖ compared to the activity-6, which is 
about ―inheritance,‖ it is; therefore, we may not include the 
activities related to the OOP's generalization concepts. 

 
TABLE-1   

RESPONSES COLLECTED FROM THE PARTICIPANTS WHILE SOLVING 

OOP ACTIVITIES 
Activities CCA PCA PWA WA NR 

A1: identification of 
the classes 
 

3.13% 7.84% 13.79% 59.56% 15.67% 

A2: Identification of 
properties and 
Behavior 

8.46% 20.69% 28.84% 23.82% 18.18% 

A3: Abstraction 22.57% 32.92% 6.27% 17.24% 21.00% 

A4: Encapsulation 16.61% 43.57% 0.00% 8.78% 31.03% 

A5: Generalization 5.02% 62.07% 1.25% 10.34% 21.32% 

A6: Inheritance 
 

20.38% 5.96% 23.20% 29.78% 18.81% 

A7: Polymorphism 33.54% 0.00% 0.00% 33.23% 33.23% 

A8: Object 10.97% 12.54% 6.58% 26.65% 43.26% 

(CCA= Complete and Correct Answers, PCA= Partly 
Correct Answers, PWA= Partly Wrong Answers, WA= Wrong 
Answers, NR= No Response) 

 
 
 
 

Fig. 4. Summary of responses while solving the tasks 
 
The result indicates that students faced difficulty in almost all 
the tasks given in the investigation. For the task related to the 
identification of classes, the maximum responses given by the 
students are wrong (i.e. n=190) followed by partial and wrong 
answers(n=44). The result for the tasks related to the 
generalization and encapsulation, the maximum responses 
were the partially response i.e. (n=198) and (n=139) 
respectively. The task of creating and finding the Objects the 
most of the students didn‘t provide the answer (n=138) as 
shows that students were not certain about the objects in 

given scenario.  
 
5.2 Results of Student’s Feedback  
Many difficulties in learning OOP have come in the notice from 
the student‘s evaluation performed after conducting the 
investigation. Some of the identified causes reported by the 
students are discussed are as under:  Improper Feedback for 
high cognition Topics: Feedback is a significant factor for 
successful and effective learning. Students can receive the 
feedback from a concerned instructor, from the development 
environment or from the testing or debugger tool.  However, 
the feedback is provided on the topics which need low-level of 
conceptualization such syntax, variables and data types, 
feedback on high conceptualization and logical topics such as 
program design, memory management, and OO principles is 
either neglected or not properly provides the results in 
deficient performance in the implementation of OO concepts. 
An instructional method that can deploy the learning of 
students and guide them through a process as a program 
design can be valuable to reduce the perceived difficulties of 
the advanced topic in OOP. Lack of Comprehension: Most of 
the times students did not reach the correct level of answer 
due to the inability to comprehend what is happening during 
program execution. They didn‘t create the mental model 
correctly and if the based model developed in student's minds 
is not properly designed then the whole model becomes 
wreaks. The shift from understanding to implementation: 
Students failed to grasp the OOP concepts because they not 
only had difficulty in understanding the concepts, but they 
were less skilled in properly applying and implementing the 
OOP concepts. The only element not to experience this shift 
was syntax. 

 

6 CONCLUSIONS 
Learning programming languages is somehow considered to 
be a daunting task. Many studies have concluded that one of 
the reasons is that the programming courses include an 
inappropriate selection of teaching methodology, i.e. starting 
the subject with difficult, unattractive and boring topics by 
novice programmers. The result of the investigation indicates 
that students have difficulties and misconception in the 
comprehension of almost all the quarks of the OOP. Difficulties 
related to motivation issues are arises because the method of 
teaching OOP concepts is not interesting enough; the 
complexity of the learning and practice environment, and 
improper or incomplete feedback on student activities. Hence, 
the initial exposure to OO concepts should be attractive and 
fun for students, the fun can be part of the learning 
environment to keep students focused on learning. Thus, the 
game is a good approach in engaging the students, besides 
giving a good experience as well. Nevertheless, it is hoped 
that the study will provide useful guidance for educators, 
practitioners, and researchers. 
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