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Abstract

This study was undertaken in order to determine how difficult (or not) CS1
students perceive learning to program in an object-oriented style to be, how weil
they aciually learn object-oriented programuming (OOP) and how well they
retain their understanding of O0P. By analysing this information and ideas of
best practices provided in relaied literature, suggestions are formulated for
improving instruction of GO concepts.

Introduction

Students’ acquisition of basic object-oriented (O0) concepts
appears to be a major source of difficuity (Doube, 1996), because
understanding these concepts requires them to be familiar with some
potentially troublesome terminology (Ross, 1996). Knowing which
00 concepts students find difficult to understand can allow lecturers
to structure instruction in such a way that understanding is improved
{Wiedenbeck & Ramalingam, 1999).

In the next section of this paper the research design will be
elaborated upon by describing the problem statement, population and
sampling, as well as how data was collected. The following section
provide an elaboration on the theory of OO concepts, including objects
and classes, state and behaviour, encapsulation and interfaces,
inheritance and polymorphism.
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Our research results are reported in three sections: The influence
of prior leamning and experience for learning to program using 00
concepts; the understanding of OOP; and the identification of easy and
hard topics, both generally and specifically with regard to OO topics.
Understanding is interpreted in terms of the perceived and actual
difficuity for students of understanding OOP, how well students retain
their understanding of OO concepts, and the consistency of the latter
with students’ course marks.

In the last section we conclude with specific teaching guidelines
for improving instruction of OO concepts.

Research Design
Problem Statement

The perception seems to exist that students have difficulty in

learning to program in an object-oriented style (cf. SIGCSE, 2001).
:This study was undertaken in order to determine how difficult (or not)
-students perceive learning to program in an object-oriented style to be,
how well they actually learn object-oriented programming (OOP) and
how well they retain their understanding of OOP.
“Population and Sampling
= Our study was conducted using students who completed an OOP
Zeourse at the University of Pretoria (UP) during the first semester of
©2002. The following table shows the courses presented by the
‘Department of Computer Science of UP and their prerequisites as it
:was presented in 2002 when this survey was conducted.
Table 1: First year programming courses at UP
| Gourse Code | Content Prerequisite
- COS 110 | Programming design principles and practices | Grade 12 Computer Studies
i with emphasis on the object-oriented paradigm | (HG) D or an equivalent

E using Java &s vehicle

+1COS283 | The course is an introduction to networking | COS110
principles using Java for www and network
programming.
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Students who participated in our survey were enrolled for COS283
at the time of our survey, and therefore had completed COS110. It can
thus be assumed that they are schooled in the concepts of cobject-
orientation. Due to the prerequisites set for COS110, all students had
programming experience in at least one programming language prior
to their exposure to QOP in COS110. It should be noted that 25
students (12%) had not yet passed COS 110 at the time of the survey,
but had obtained special permission to do COS 283 in parallel while
redomg COS 110.

Data Collection

On October 7, 2002 all students attending class in COS 283 were
invited to participate in a questionnaire. The attendance register of that
day had 246 students, of whom 178 (72%) completed the
questionnaire. As the guestionnaire was completed anonymously, the
final marks for COS 110 of all attendees of the day were obtained,
together with the period (semester and year) when each student had
completed the course. Of these students, 197 (80%) had passed COS
110 in June 2002, meaning the majority of students completed the
guestionnaire roughly four months after completing a course teaching
them Object Oriented Programiming.

Object Orientation Concepts

For the purpose of this research, understanding of the concepts of
object-oriented programming described below is considered to be
crucial in the mastering of OOP.

Objecis and Classes

An object can represent any abstract or real world entity (Finch,
1998) that is relevant to the system, while “classes are a means for
describing the properties and capabilities of the objects in real life that
a program has to deal with” (Bishop, 1998:23).

Stare and Behaviour

An object's internal state is defined by the values of its atiributes,
which can be thought of as a collection of variables and data. The
concept of attributes is central to object-oriented programming
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(Barrow ef al., 2002:3). The behaviour of an object is defined it its
methods. Methods specify the operations an object can perform.
Among other things, it defines the way in which an object's data can be
manipulated (Martin & Odell, 1992:17) to change its state.

Encapsulation and Interfaces

Objects are self-contained entities that encapsulate (hide) both
their own data and functions (Barrow et al., 2002:466) as described in
its class definition. The interface of an object presenis the visible
surface of the object for other objects to commumicate with it
{Chakravarty & Lock, 1997:122). An object thus has control over the
way in which other objects can access its data and methods, and can
hide anything that it wants to keep private from other objects. The
details of an object code belong to the class itself, and this code may
be modified in any way desired, as long as ifs interface remains
unchanged (Schneider & Gersting, 2004:391).

Inheritance

; Use of QO design permits class definitions to be hierarchically
* arranged (Barrow et al., 2002:476), leading to the powerful inheritance
. programming technique. Wirfs-Brock er a4l (1990:24) define
- inheritance as "the ability of one class to define the behaviour and data
* structure of its instances as a superset of the definjtion of another class
= or classes." Programmers make use of the process of inheritance by
> abstracting all the common features into a high-level member class
- that represents the characteristics that are shared by all its descendants.
- Inheritance allows code and data structure definitions to be shared
~ among classes with similar structure (Coggins, 1996), leading to the
© possibility of existing code being reused.

= Polymorphism

The term polymorphism originates from the Greek words 'poly
¢ morph' and suggests the capacity to appear in many forms
- (Jupitermedia Corporation, 2003). In the context of objeci-oriented
¢ programming, the concept of polymorphism refers to a programming
.; language's ability to allow different objects to react to the same stimuli
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(i.e. message) differently, depending on their data type or class, by
redefining methods for derived classes. An object can operate
interchangeably with an ancestor in relation to the attributes and
methods it inherits from the ancestor (Barrow ef al., 2002:465).

Influence of Prior Learning and Experience

In order to establish the influence of prior learning and experience
for learmning to program using OO concepts, students were asked to
indicate whether it was easier to learn OOP, because they already
knew programming before starting this particular course. Almost  of
students’ prior learning experiences influenced their learning of OOP
positively (see graph 1).

Graph 1: Easier to leara OOP becanse know programmdog ?

Number of students

l N Yes FINe |‘

Students were also asked o qualify their responses. Analysis of
the responses of students' who indicated that their prior leaming helped
them, revealed that for most students, their previous programming
experience and basic background knowledge of programming concepis
help them mainly in a sense that there were less new concepts to deal
with.
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"4 bicycle is a bicycle; some just have more bells and whistles
than others".. This quote is from a student who is of the opinion that it
was easier to learn OOP due to previous programming cxperience
capmres the feeling that the transition were more like riding 2 new
bicycle with some new features rather than learning to ride a totally
different vehicle.

Other students, despite indicating that their previous programming
indeed heiped them in the course under discussion, however, feit that
learning the new paradigm required some unlearning of old concepts
to be able to grasp OOP at first.

The words "Even though the jump to OOP was a bit of a ..." used
by a student to describe his/her feeling, represents a general perception
that they had to overcome a considerable gap between their prior
experience and the new concepts.

Although the majority felt that their prior experience helped them,
~one student aired the opimion that the fact that he aiready knew
‘programming helped him "very little" during this course, while
‘another's pre-knowledge only heiped “for about the first practical
“Jesson and then it was impossible again”.

The reasons for not gaining from prior programming experience
zcan be attributed to the feeling that learning OOP is very different
“from what students were used to.

= “very different from everything ever learnt before"
"a whole different approach to programming”

“just as hard to learn as it was to learn programming originally"

©  The above quotes from respondents express the frustration
“experienced by some students despite their prior knowledge. Their
:inability to utilise their previous experience can parily be attributed to
“inadequate depth of their prior knowledge, but is mainly seen to be a
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consequence of the vast difference between structured or procedural
programming and object orientation. The following quote not only
expresses the magnitude of the difference between these paradigms,
but also indicates that the student has not yet adopted QOP: "There is
a big step from normal programming to OO programming"

Many students still struggle with the ideas and find OOP to be
"still really, really difficult!" and “not easy to learn at all’. From these
comments qualifying the students' choice whether their prior
knowledge helped them to understand OOP, we conclude that although
most of the students indicated that it had a positive impact, the extent
of the impact was not profound in all cases. The major reason for
students not being able to gain from their prior knowledge is twofold.
Firstly they struggle to change their mindset to the new paradigm and
secondly after obtaining the OOP mindset, they are unable to apply
their previous knowledge in the new environment.

Understanding Ohject-Oriented Programming

Perceived Difficulty of Understanding OOP

Subjects were asked to select how difficult they perceived the
understanding of object-oriented programming to be from the available
options of "Very difficult”, "Difficult”, "Fairly easy” and "Easy".
Almost 2/3 of the group indicated that they found the concept to be
difficult or very difficuit to understand (see graph 2).

Gragh 2: How Bi{ficult do studenis find It to
understand OOF?

St%

Number of studesin

o

B vay difficult B Difficult [J Fairly ey OVay asy f
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Actual Understanding of OOP Concepts

Students’ formal examination marks were used as an indication of
their level of understanding of the basic concepts of object-oriented
programming (see graph 3). The average for students included in this
study was 60 (marks out of 100) with a standard deviation of 11.

The average quoted for COS 110 might seem high. This can be
attributed to the fact that COS 110 is a prerequisite for the course the
students were doing when they participated in the questionnaire.

Retention of understanding of OO0 concepts

In order to determine students' level of retention of understanding
of OO concepts, they were asked to explain in their own words what
they understood by OOP. Their answers were then rated according to
the following scale:

1. Very vague / not applicable / wrong.
_ 2. Some appropriate content, but imprecise.
3. Answers are right, but don’t convince the reader that the student
" knows exactly what the concept is about.
2 4 Accurate and articulate, student seem to understand the concept
S very well,

Graph 3: Students’ marks for COS 110
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Gireph 4: Howwell do 1 udeety retele thelr enderstending of
ogp?

Numbder of students
2 3 8 B

o

[ Very vagas / aot applicable / wrong {3Some gpproprisie conlent, bat imprecise|
5 Axsuers right, dut oot convincing M Accurate and scticulste

Classifications were made and checked by the researchers, and
also verified by an external judicator. Results obtained are represented
in graph 4. To illustrate the range of answers and give an indication of
the way in which responses were classified, figures 1 and 2 show some
eXCerpts.

Figure 1: Yery vague ! not applicable / wrong responses

One student replied to this question with a *?, one claims that he "didn{ understand”
and two more didn't "know how lo explain these®. 1t is “difficult programming” that is
“sxtremely difficult fo define”, involving “programs which are buill by objects® {2) / “action
objects”. Programming fike this is "useful and "uses an inferface” for the “icok and fea! of
the progran” in a “basic common language”. “if is not mainly user-based.

Figure 2: Accurats, articuiate responses

Object-oniented programming refers to "3 design styfe thal models real world
cbjects as bundlas of code, and furthermore describes the preferred method of
interaction between ihese sofiware objeds’. Everything is viewed “as an object, which
hag altribites and ways (funclions/methods] {o access and modify the afiribites®, as well
as information hiding. "These objects can be trealed as single eniities™ “data structures
confaining methods and properties can be trealed as a lemplale from which objects can
be instantiafed."
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Consistency between Course Marks and Retention of
Understanding

A comparison of graphs 3 and 4 show consistency for course
marks and retention of understanding in terms of percentages for the
extreme cases: the percentage of students who obtained marks of more
than 90% in the course retained their knowledge to provide accurate
and articulate responses in the questionnaire, while the percentage of
students who had not yet passed the course closely matches the
percentage of students who were only able to provide very vague
descriptions of OOP. The inversion of percentages for the middle
columns of these graphs suggest that students who had obtained marks
for the course in the lower sixties had retained their understanding of
00 concepts (or lack thereof) to the same extent as students with
marks in the fifties.

Perceived Difficulty Level

- General

The answers given by students responding to the question "Which
“-part(s) of Java was the easiest?" resulted in 4% indicating that nothing
- was easy and roughly 74% of the respondents referring to concerns not
" specifically related to OO concepts. Topics mentioned ranged from use
=of specific data structures such as arrays or Strings or known control
Zstructures such as if statements and loops, to file handling and GUI
:design. Some referred to external issues regarding the quality of notes
“or lecture behaviour. Similar to the answers to what was considered
: easy, 63% of the responses to the question "Which part(s) of Java was
“the hardest?" referred to issues regarding programming in general,
- external factors, or topics not confined to OO programming.

\ When asked to identify easy topics, 4% indicated that nothing was
easy, and consequently that everything was hard. In contrast, 12% of
i the respondents admitted that they found everything hard when asked
1o identify hard topics. Similarly where only 2.8% indicated that they
experienced no difficulties at all when asked about what they find
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hard, 7.8% were willing to state that everything was easy when asked
about what they found easy. This observation illustrates that the way a
question is asked can have a profound impact on the statistical result.

Specific Object Oriented Topics

20% of the respondents identified topics specific to OO that they
found easy to understand, while 24% singled out specific OO concepts
as being hard to understand. The number of students perceiving the
identified OO concepts as being easy or hard to understand is shown in

graph 5.

As this data was drawn from a small subset of the sample, no
significant conclusions can be drawn from it. In the case of basic
concepts such as Objects and classes and state and behaviour where
more students found it specifically easy than students indicating it to
be hard, 1t can be argued that there might be more students who found
it hard, but could not even identify their inability to grasp the concept,
as the origin of his difficulty in mastering the course content.

The case of polymorphism that was mentoned only twice
{representing 1.2% of the sample) is merely an indication that the
concept of polymorphism was not significantly covered or required in
the presentation of the course to get an indication if the students
perceived 1t as easy or hard. The fact that encapsulation and
inheritance 1s perceived as harder to assimilate by students correlates
with our experience that these concepts are more advanced. It is also
comforting to realise that these topics was emphasised adequately
enough in presentation of the course to lead the students to recognise
the cognition of these concepts as crucial.
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Graph 5: Percedved Difficuky of OO Concepts
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Conclusions

Our first conclusion is that although the majority of students felt
_that prior experience in programming heiped them to understand OOP,
: the extent of the impact was not profound in all cases. When stmdents
- are not able to gain from their prior knowledge, it is either because
“ithey struggle to change their mindsets to the new paradigm, or after
- obtaining the OOP mindset, are unable to apply their previous
< knowledge in the new environment.

The majority of test subjects claim to find understanding object-
;oriented programming difficult. Traditional lecture methods can be
Z supplemented to enhance student understanding of difficult concepts
:by steadily replacing these by a leamer-centred approach where
» students have more responsibility for their own leaming. A pervasive
% idea seems to be to present concepts in broad strokes first and add
details later (Ross, 1996). Students first have to be allowed to master
basic facts, features and rules and gain insight into how these relate 1o
" existing knowledge (Sharp et «l 2003). They find it easier to
* understand when they familiarize themselves with high-quality, clear
Zexamples of a new OO concept, which are contrasted with non-
* examples. Instead of only having purely descriptive introductory
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material, "“hands-on" programming exercises should be utilized
{Doube, 1996).

This study shows a clear relationship between students’ exam
marks and their retention of understanding OOP concepts. As a
projected outcome for students learning OO concepts is that they will
eventually use these concepts in practical implementations in their
place of employment, it is important that they retain their knowledge
of these concepts. Exam marks should be a good indication to
employers of how well a student would be able to apply OO concepts
in actual projects in the work place.

Encapsulation, inheritance and polymorphism were identified as
concepts within OOP with pivotal importance in terms of difficulty of
understanding. As it is difficult to understand abstract concepts such as
encapsulation and information hiding, it is important that the related
advantages of these concepts be emphasized (Sharp er al., 2003).
Lecturers should also note that their attitudes help to determine
whether students view inheritance as a difficult topic (Schailer ef al,
1997).

SIGCSE (2001) cautions that certain didactical problems can be
exacerbated when an objects-based model is used, as many of the
languages used for object-oriented programming in the
industry involve significantly more detail complexity than classical
languages. Unless lecturers take special care to introduce the material
in a way that limits this complexity, such details can easily overwhelm
smdents.
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