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ABSTRACT
Problems with understanding concepts, so called miscon-
ceptions, have been investigated and reported in a number
of studies regarding object-oriented programming [4], [3].
In a first programming course using an object-oriented lan-
guage, it is of great importance that students get a good
understanding of central concepts like object and class at
an early stage of their education. We have, with a phe-
nomenographic research approach, performed a study with
first year university students, investigating what an under-
standing of the concepts object and class includes from a
student perspective. By applying variation theory [8] to our
results we are able to pin-point what the students need to
be able to discern in order to gain a “rich” understanding
of these concepts.

Categories and Subject Descriptors
K.3.2 [COMPUTERS AND EDUCATION]: Computer
and Information Science Education—Computer science edu-
cation; D.1.5 [PROGRAMMING TECHNIQUES]: Ob-
ject-oriented Programming—Java
; D.3.3 [PROGRAMMING LANGUAGES]: Language
Constructs and Features—Cla-sses and objects

General Terms
Human Factors, Theory

Keywords
Conceptions, misconceptions, phenomenography, variation
theory

1. INTRODUCTION
Java is an often used first programming language in intro-

ductory programming courses for university students. There
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are many reports on problems with teaching Java [6], point-
ing out difficulties to understand central concepts in the
object-oriented paradigm [3]. The study reported in this
paper has a focus on students’ different understandings of
some central concepts in object-oriented programming. We
identify different understandings of the concepts expressed
by the students in the group. These understandings are
critical from the students’ perspective [10]. They also cover
most of an expert understanding [9]. We claim that it is
possible to establish general guidelines on how to organize
the teaching and learning environment in such a way that
students can get a good understanding of the concepts in
question, and thus avoid misconceptions. We first give a
theoretical background for the study and the analysis per-
formed. The study and the results will then be presented,
and after that we discuss implications for teaching following
from the results from the study. The general implications
for teaching are well in line with the results from other stud-
ies, and give a theoretical basis for explaining these results
and how to generalize them.

2. PREVIOUS RESEARCH
There are many studies on misconceptions of object-ori-

ented concepts. The studies by Fleury [3] and Holland, Grif-
fiths, and Woodman [4] are good example of this line of re-
search. Fleury performed a study on student-constructed
rules in beginning programming courses, where Java was
taught, pointing out misconceptions among students. Hol-
land, Griffiths and Woodman reported on misconceptions
observed among students in a distance course where Small-
talk was taught. Our study differs from these, since it fo-
cuses on students’ conceptions rather than misconceptions.
We have found very few studies of this kind in the litera-
ture on how students learn to program. Fleury’s construc-
tivistically based study of students’ understandings of objet-
oriented programming [2], is an example. Another is Booth’s
phenomenographical investigation of how students’ experi-
ence functional programming [1]. Our study, as Fleury’s,
has its focus on object-oriented concepts. However, like
Booth, we use a phenomenographic approach (see below).
The rationale for considering conceptions instead of mis-
conceptions is the following. The conceptions found among
students typically correspond to different aspects of a cor-
rect understanding of the concepts of interest. Since these
are the conceptions actually formed by the students, they
reveal ways to understand the concepts, that are of decisive
importance from the students’ perspective. We argue that
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focusing on these crucial aspects in the teaching can help
the students to gain a good understanding, and thus avoid
different kinds of misconceptions.

3. RESEARCH APPROACH

3.1 Phenomenography
Variation theory is a tool to support and give guidelines

in different educational settings. Variation theory has devel-
oped from Phenomenography [8]. Phenomenography aims
at describing the variation of understandings of a certain
phenomenon found in a group of people. Marton and Booth
discuss the idea of phenomenography:

The unit of phenomenographic research is a way of
experiencing something, [...], and the object of the
research is the variation in ways of experiencing phe-
nomena. At the root of phenomenography lies an
interest in describing the phenomena in the world as
other see them, and in revealing and describing the
variation therein, especially in an educational con-
text [...]. This implies an interest in the variation
and change in capabilities for experiencing the world,
or rather in capabilities for experiencing particular
phenomena in the world in certain ways. These ca-
pabilities can, as a rule, be hierarchically ordered.
Some capabilities can, from a point of view adopted
in each case, be seen as more advanced, more com-
plex, or more powerful than other capabilities. Dif-
ferences between them are educationally critical dif-
ferences, and changes between them we consider to
be the most important kind of learning. [8, p. 111]

And later:

[...] the variation in ways people experience phe-
nomena in their world is a prime interest for phe-
nomenographic studies, and phenomenographers aim
to describe that variation. They seek the totality of
ways in which people experience, or are capable of
experiencing, the object of interest and interpret it
in terms of distinctly different categories that cap-
ture the essence of the variation, a set of categories
of description [...] [8, p. 121-122]

The object of interest in a phenomenographic study is thus
how a certain phenomenon is experienced by a certain group
of people. A fundamental assumption in phenomenography
is that there exists only a limited number of qualitatively
different ways in which a certain phenomenon can be under-
stood.
Phenomenography is an empirical, qualitative research

approach. It is often used in educational settings. Data
can, like in the present study, be gathered in the form of
interviews. The interviews are transcribed and analysed.
Researchers, often more than one, analyse the data in or-
der to find qualitatively different ways to understand the
phenomenon expressed in the data. The researcher formu-
lates the essence of the understandings found with his or
her own words as categories of description. It is important
to state that the analysis is on a group level, not aiming at
presenting individual students’ understandings, but the dif-
ferent understandings found in the group. This is done by
reading and rereading the interviews, in context, but also by
decontextualising excerpts and comparing them and group-
ing them together in different categories of understandings.
The resulting description of qualitatively different categories
of understanding constitutes the outcome space of the phe-
nomenographic analysis.

3.2 Variation Theory
According to the phenomenographic tradition, the learn-

ing process is a question of discerning new aspects of phe-
nomena. A specific aspect cannot however be discerned
without experiencing variation in a “dimension” correspond-
ing to that aspect. These dimensions are characteristic for
the specific aspects, and the variations make central features
of these aspects visible [10, p. 146].
With the phenomenographic outcome space as the start-

ing point, the results can be applied in education, by using
variation theory. When the empirical data is studied it is
possible to discern the focus of each understanding expressed
in the categories of description. In the phenomenographic
analysis we identify aspects of the understanding of the phe-
nomenon, critical for the understanding from the students’
perspective. Learning requires discernment of new aspects of
the phenomenon, and the teacher can create the conditions
for such discernment with the judicious use of variation. By
varying examples and problems and holding the critical as-
pect of the phenomenon invariant, that critical aspect is
lifted out of the surrounding ”noise”. We speak of opening
a dimension of variation, in which taken-for-granted ways
of understanding are now brought into focus. Identifying
these dimensions of variation corresponding to the critical
aspects, gives a basis for finding implications for teaching.

4. THE STUDY

4.1 The Interviews
A study has been performed where 14 first year university

students were interviewed on their understandings of the
concepts object and class. The students had just finished
their first programming course, a compulsory course giving
4 credit points. (At Swedish universities one credit point
represents one week’s full-time study.) The programming
language used in the course was Java.
The interviews were semi-structured [7] with the aim to

encourage the students to demonstrate as much as possible
of their understandings and experiences within the theme of
the interview. The interviewer had prepared a small num-
ber of questions, intended to approach the phenomena of
object and class in different ways, to give the opportunity
for the students to express as much of their understanding
as possible.
Let us emphasize once again that our study is qualitative.

Thus we are not aiming for statistically significant results.
The objective in selecting persons to interview was to get
as broad a coverage as possible of different conceptions. For
that reason, most students taking part in the course filled
in a questionnaire about previous programming knowledge,
education, work experiences and gender. On the basis of
these answers, we selected interviewees that represented as
broad a coverage as possible of the factors mentioned.

4.2 The Phenomenographic Analysis
The interviews were transcribed and analysed. Two re-

searchers independently read and analysed the interviews,
looking for qualitatively different ways to understand the
concepts object and class expressed in the data. Our results
were very similar. We agreed upon three different ways to
understand the concepts found in the data.
The different understandings of the concepts object and

class found in the data are presented in Table 1 and Table 2
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respectively. The understandings are inclusive. This means
that an understanding expressed in one of the latter cate-
gories includes the understandings expressed in the former
categories. Below, the categories in Table 1 and Table 2 are
illustrated by excerpts from interviews. In the quotes, the
interviewer is labeled I, and the students A, B, C etc.

4.2.1 The Concept of “object”
The different comprehensions of the concept object found

in this study, can be formulated in three categories of de-
scription presented in Table 1.

Object is experienced as a piece of code.
As above, and in addition object is experienced
as something that is active in the program.
As above, and in addition object is experienced as
a model of some real world phenomenon.

Table 1: Categories describing the different ways
to understand the phenomenon object found in the
group.

In the first category, the understanding of the concept is
limited to focus on the code as text. Student C says about
objects:

I imagine that it is a piece of code with all the vari-
ables piled under

When the interviewer asks the student how he/she would
explain to a friend, who does not know anything about pro-
gramming, what an object is, student N answers:

I’d just say that it is a part of the program.

In the second category the comprehension is extended to
include the results of the program execution, and the task
of the object. It can be illustrated by the following answers.
Student H says:

the object is a kind of, what is doing something [..]
because it is all about that something is going to
happen.

Student J says:

If you think of the Java program, that it is built of
different objects and it is the objects we modify so
that we can get what we want from it.

The third category describes an understanding that an
object is a model of some real world phenomenon. This is
expressed in the following quotes:

C: Yes an object, you can have a rather physical im-
age of it....
I: What did you say, physical?
C: Kind of, you can think of a car and then it has
one variable for how many wheels it has, one variable
for the size of the engine like that.

The three categories express an increasing complexity.
The first category shows an understanding that all students
express in one way or the other, objects as they appear in
the code. A few students express only this understanding.
This category expresses a poor understanding, while the last
one shows a rich understanding including fundamental ideas
behind the object-oriented paradigm.

4.2.2 The Concept of “class”
When looking for the different understandings of the con-

cept class expressed in the study, a pattern similar to the
understandings of the concept object is found. There are
comprehensions focusing on the code and the task of the
programmer, but there are also comprehensions where the
reality the program is supposed to model is present. The
categories of description are presented in Table 2 and illus-
trated by quotes below.

Class is experienced as an entity in the program,
contributing to the structure of the code.
As above, and in addition class is experienced as a
description of properties and behaviour of the object.
As above, and in addition class is experienced as a
description of properties and behaviour of the object,
as a model of some real world phenomenon.

Table 2: Categories describing the different ways
to understand the phenomenon class found in the
group.

Many of the students express an understanding belonging
to the first category. Student H says:

A class is, well I figure a class is like a small program,
that’s how I think of it, a small program inside the
whole big program, if you say that the big program
is the main program, then the class is like a small
program doing certain things.

The understanding has its focus on the program structure
and the programmers task and describes the class-concept
as a help for the programmer when structuring the code.
It deals with the code and the programming task, and the
description of the class reminds of a description of modules,
even if no student explicitly uses this formulation. Some
students emphasize this module aspect:

C: Then the class should be something reasonable,
containing what you detach [...] But the class I sup-
pose, is only a diffuse collection of, what I belive be-
long together in some way.

The second category is the most common understanding
expressed in the group. Even if none of the students explic-
itly uses the expression “abstract data type”, the descrip-
tions point in this direction.
Student O says:

Eh, when you write a class [...], you write what you
want the objects to look like, and that’s how I under-
stand a class, that you are able to create an object
and something about what you want to do with this
object in the different methods [...]

In the third category in Table 2, the close relationship
between the class definition and the reality the class depicts
is pronounced. This category includes the understanding
expressed in category two. Only a few students express this
kind of understanding.

I: I mentioned class. How do you understand classes?
C: It’s a bit more diffuse actually. Class, it is I can
imagine that a class contains, can contain a number
of objects or only one object and different operations
you can do in an object or between objects. So you
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can also imagine what it would represent in the real-
ity.
I: Okay.
C: Yes well, you can think of a workplace and a person
working there, then you have two objects and then
they can kind of interplay with each other through
different operations sort of, what do I know. The per-
son gets coffee and then the coffee variable decreases
in the workplace like that.

4.3 Dimensions of Variation
The phenomenographic analysis of the data has revealed

understandings found among the students. These are critical
understandings from a student’s perspective. Each aspect of
the concept, expressed as categories of description in Table 1
and Table 2, require focal awareness of a specific dimension
of relevance for the understanding.
There is a close relationship between the concepts object

and class, and Table 1 and Table 2 show similar patterns for
the understandings of the concepts. In the empirical data
collected for the present study, most students express un-
derstandings of the concepts in corresponding categories. If
a student for example expresses an understanding of object
corresponding to the second category in Table 1, he or she
also expresses an understanding of class corresponding to
the second category in Table 2. There are few, if any ex-
amples where students show an advanced understanding of
one concept, and a poor understanding of the other concept.
The understandings found in the three categories in the two
tables, will now be grouped together and discussed in terms
of focal awareness found in the empirical data. The focal
awareness of the understandings are then analysed in order
to find dimensions of variations necessary for discernment of
these aspects of the concepts. In this way we have identified
the variation necessary for learning to take place.
In the first categories in Table 1 and Table 2 the stu-

dents have experienced class as ’an entity of the program,
contributing to the structure of the code’, and object as ’a
piece of code’. The focal awareness of this understanding
of a class is the appearance of the structure of the program
text. The focal awareness of the understanding of objects
is on the program text. To be able to focus on this aspect,
students need to discern that in different programs objects
and classes appear in different ways. In that sense, the tex-
tual representation of programs constitutes a dimension of
relevance for the understanding of object and class. Dif-
ferent, specific program texts constitute values along this
dimension.
In the second category, class is experienced as ’a descrip-

tion of properties and behaviour of the object’, where object
is understood as ’something that is active in the program’.
The focal awareness in these categories is on what happens
during execution of the program, in particular on the ob-
jects created and how they contribute to different events at
run-time. The objects are the active parts of the program,
accomplishing the task given. To be able to discern the
understanding expressed in the second categories, the stu-
dents need to focus on the objects the program creates and
events happening at execution of the program. Here, the
relation between class description, object action, and result-
ing events during the execution of the program constitutes a
dimension. Different specific cases of such relations provide
values along this dimension. The variation between these
values can enhance an awareness of object and class corre-

sponding to the second category of understanding, according
to Table 1 and Table 2.
In the last categories in Table 1 and Table 2, class is ex-

perienced as ’a description of properties and behaviour of
the object’, where object is understood as ’a model of some
real world phenomenon’. The focal awareness is still on the
class’ description of the active objects, but now with an em-
phasis on the reality aspect of the class description. In this
case, the relation between class, object and real-life phenom-
ena constitute a dimension. Different specific cases of such
relations constitute values along this dimension.

5. IMPLICATIONS FOR EDUCATION
Our results can shed new light upon and give explanation

to other research and discussions in the field. The following
paragraphs show some examples of this. Holland, Griffiths
and Woodman list some misconceptions noticed at distance
courses where Smalltalk was taught, in one introductory un-
dergraduate course, and one postgraduate course [4]. One
misconception mentioned is ”object as a kind of variable”.
Students with previous experience of procedural program-
ming may, if the examples they first come across have only
one instance variable, develop the misconception that ob-
jects are in some sense mere wrappers for variables. It is
trivially easy to avoid this misconception by ensuring that
all the classes showed as an introduction, have more than
one instance variable. Another misconception that can ap-
pear is if the data aspect of objects is overemphasized at the
expense of the behavioural aspect. This misconception can
be avoided by using introductory object examples where the
response to a message is substantially altered depending on
the state of the object. Both the misconception ”object as
a kind of variable” and the overemphasizing of the object’s
data aspect is an indication of the importance to attain a
conception according to the second categories in Table 1 and
Table 2. The second category in Table 1 emphasizes that
objects are active during execution of the program. This
points to the behavioral aspect of objects. The second cate-
gory in Table 2 explains classes as a description of both data
about the object, and methods explaining the behaviour of
the object. As explained in section 4.3, the relation between
class description, object action, and resulting events during
program execution constitutes a dimension where variation
is needed. This implies, e.g., variation in values of several
instance variables, caused by several method calls. This is
according to the recommendations from Holland et al.
A common problem among novice programmers, also men-

tioned by Holland et al, is to understand the difference be-
tween class and object. This is obviously a problem if sev-
eral examples are presented in which only a single instance
of each class is used. To avoid this, good practice is always
to work with several instances of each class. As explained
in section 4.3, the textual representation of programs con-
stitutes a dimension of variation. This implies variation in
the sense of presenting more than one instance of the class
in the code, as recommended by Holland et al.
In the light of the present study, the recommendations

from Holland et al can be summarized as: variation in di-
mensions corresponding to critical aspects of the understand-
ing is of great importance. These dimensions of variation are
not only pinpointed here, but also explained in the theory
of phenomenography and in the analysis of the data by ap-
plying variation theory on the results of the study.
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Holmboe [5] performed a study where a few people of dif-
ferent background were asked to describe in their own words
what object-oriented programming is. He asked students
who had just finished an introductory course on object-
oriented programming, senior students tutoring the same
course and professors of Computer Science or System Engi-
neering. He made a qualitative analysis of the answers, and
comments that some types of knowledge are more suitable
as a basis for further knowledge construction than others.
When analysing the results from the study he writes about
understandings which include the world outside the com-
puter itself: “A person with holistic knowledge relates the
implementation and design of a computer program to the
real world being simulated.” Holmboe emphasizes the im-
portance that “[...] more students will experience the con-
nection between reality, model and implemented program,
and thus reach holistic knowledge of object-orientation sooner
in their learning process.” The third categories in Table 1
and Table 2 capture an understanding of classes and objects
that includes the world outside the computer itself. The di-
mensions of variation found and discussed in section 4.3 are
valuable as a basis for teachers to facilitate for the students
to reach this understanding.
In Fleury’s study on students’ constructed rules [3], she

stresses, with a reference to Holland, Griffiths andWoodman
[4], the importance of carefully constructed sample programs
to avoid misconceptions of concepts. Our study stresses the
importance of designing the education so that the students
can discern the critical aspects of the understanding. Care-
fully constructed sample programs in this sense means vari-
ation of dimensions corresponding to these critical aspects.
This is applicable not only on sample programs, but in all
different aspects of the learning environment.

6. CONCLUSIONS
For the Java educator, one challenge is to construct an ed-

ucational environment which facilitates for students to reach
a rich understanding of the concepts object and class. To
this end it is important to know the different ways in which
students (as opposed to experts) typically experience these
concepts. Our phenomenographic study has given such in-
sight. Next, the educator needs to identify what variation
the students have to discern in order to become aware of
aspects belonging to a rich understanding of these concepts.
Here, variation theory can be a useful tool, as demonstrated
in the previous discussion.
By using dimensions of variation, discussed in the previ-

ous section, implications for teaching are found. Teaching
is here defined in a wide sense. By teaching we mean ev-
erything that supplies resources for learning. Examples of
such resources could be programming assignments, software
tools, lectures, Internet and fellow students, anything the

students choose to use in their learning. The whole organi-
sation of the learning environment is in this sense teaching.
A general implication for teaching is to make resources

in the learning environment available that help students to
discern the aspects mentioned Table 1 and Table 2 and de-
veloped in the previous section. These are resources that
point out the corresponding dimensions of variation of the
aspects.
The results in Table 1 and Table 2 can be implemented

in the teaching and learning environment offered to the stu-
dents, in a number of ways. There is a great freedom and
possibility to adapt the results to the preferences of each
teacher and student group.
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