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ABSTRACT

In order to improve the course design of an objects-first CS1 pro-
gramming course we will study potential indicators of success for
such a course.

The general interest for success factors for a programming course
has been toward more knowledge-oriented factors like math score
and previous programming experience. Unfortunately, improving
these factors is out of our control. We therefore increase the fac-
tors to include the more general factors of motivation and power
of abstraction as well as the “soft” elements of emotional health
and social well-being — factors which to a certain extent is im-
provable within the introductory programming course.

In this paper, we explain and discuss the design of the research,
including our understanding of the factors under study.

Because of the variety of interpretations of “objects-first”, the pre-
sent research is necessary as a supplement to earlier research in
order to make generalizable results on the success factors for ob-
jects-first programming.
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1. INTRODUCTION

A substantial amount of research has been conducted in order to
identify variables that are predictors of success of students aiming
for a university degree. Investigated variables encompass among
other things gender [4,26], the educational level of parents [33]
and ACT/SAT scores [4,14,28]. These factors represent scientific
competences (math score for example) or unbiased factors (e.g.
gender). However, these variables do not account for all of the
variation in academic success. Szulecka, Springett, and de Pauw
[32] have suggested that the major causes of attrition among first-
year college students are emotional rather than academic factors.
Furthermore, Leafgran [18] claims that emotional health has a
positive influence on the students’ success in college.

Research has been conducted both in the general context of edu-
cation, within computer science, and in the more topic specific
area of introductory programming [4,5,9,19]. Even in the area of
introductory object-oriented programming there has been research
trying to establish general factors to predict success or failure of
particular students. Especially the work of Phil Ventura [35] focus
on a systematic evaluation of hypothesis related to the factors for
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success of an introductory programming course using an objects-
first approach [17]. The results are documented in [35, 36].

As always, there are some preconditions to the research. One im-
portant precondition is the characteristics of the course that
founds the basis of the research. Ventura used a CS1 course with
a graphics early approach [36 p. 241]. In our research, we look for
potential success factors for an introductory programming using a
different approach than Ventura’s, a so-called model-based ap-
proach to programming [3]. Both courses are objects-first.

2. THE COURSE

The students in this research all follow an introductory program-
ming course at the University of Aarhus. The course constitutes
the first half of CS1. The course runs for seven weeks. One to
two weeks after the course there is a lab test with a binary
pass/fail grading. Every week there are four lecture hours, two lab
hours and two class hours with a teaching assistant (TA). Besides
scheduled hours, the students are supposed to work approximately
seven hours per week in study groups or on their own.

There are roughly 300 students from a variety of study pro-
grammes, e.g. computer science, mathematics, geology, nano sci-
ence, economy, multimedia, etc. 40 % are majors in computer
science, and they are the only group of students that continue with
the second half of CS1. The rest of the students proceed to other
programming courses related to their fields (e.g. multimedia pro-
gramming, scientific computing, etc.).

The students are grouped in teams of 18-20 students; in the fall of
2005, there are 14 such teams. Each team has its own TA.

The goal is that the student learns the foundation for systematic
construction of simple programs and through this obtains knowl-
edge about the role of conceptual modelling in object-oriented
programming. Furthermore, it is the goal that the student be-
comes familiar with a modern programming language, fundamen-
tal programming language concepts, and selected class libraries.

The two lab hours per week are used for pair programming where
the students solve a practical programming exercise.

The two class hours per week are used for discussion of a weekly
assignment, for discussion of other exercises that the students has
been working on, as well as for discussion of topics from the text-
book and lecture notes.

The course content is fundamental programming language con-
cepts, object-orientation, and techniques for systematic construc-



tion of simple programs. For further details on the structure and
contents of the course, see [3,13].

The exam takes place in a lab. Each group of 20 students get a
different assignment. In principle, the assignments are identical.
For a more thorough description of the exam, see [4].

3. RESEARCH METHOD

In this paragraph, we discuss the methodology utilized in identify-
ing the predictors of success for the CS 1 course described in the
previous section. Section 3.1 outlines some of the research ques-
tions. Section 3.2 provides details on the subjects involved in the
study. Section 3.3 describes the data and how it was provided,
while Section 3.4 presents and discusses the hypothesis.

3.1 Research Questions

We look for potential success indicators that are statistically sig-
nificant in predicting students’ success when undertaking a
model-driven introductory programming course. The factors are
motivated by previous research in the field [16][19][35][37][38]
as well as in the more general field of education [24]. The spe-
cific research questions are:

1. What is the correlation of abstraction power to model based
CS1?

2. What is the relationship of emotional health to model-based
CS1?

3.2 Subjects

The subjects studied in this research will be students enrolled at
the course Introduction to Programming at the University of Aar-
hus during fall of 2005. Only data from students taking the course
for the first time were used; to exclude the possibility of an ex-
tended practice effect, we decided to exclude from our investiga-
tions the students who followed the course more than once. In or-
der to investigate the effect of some factors, we will look for cor-
relations with the next courses that the students follow.

3.3 Data

Several different data sources will be used in this study. Informa-
tion comes from the administrative system at the university (gen-
der, enrolment date, major), the course web site (team number),
the TAs (the students diligence during the course), the final exam
(the score in the exam), an experiment conducted by the authors
(their abstraction power) and a questionnaire (there social and
emotional health, prior programming experience, motivation).

Success. The final exam is a practical, programming test. The of-
ficial result of the exam is a binary grading (pass or fail). In order
for this research to be able to analyse the results at a finer grain,
one author will post-mark all the students’ solutions. The result of
the more fine-grained marking is a ten-ary grading on the scale (0,
3,5,6,7,8,9, 10, 11, and 13) (see [12]).

In order to pass an exam, a student needs a grade of 6 or more. To
validate the results of the post-marking, the post-marking is com-
pared to the official results of the exam in the sense that all the
students who passed the exam got a grade of 6 or more and the
students who failed the exam got a grade of 5 or less. In order to
ensure that the marking was fair, the co-author will mark thirty
randomly selected answers.

In all the statistical tests, the result of the marking is used as the
indicator of success — higher grade means more success.

3.4 The hypotheses

In the following, we will discuss the research questions.

3.4.1 Abstraction power

Many educators within the computer science field argues that ab-
straction is a core competence — see e.g. [2,22,23]. However, no
one has defined what is meant by abstraction. In this research, we
use the definition and test defined by Shayer and Adey [1][30].
Based on Piaget’s work on the nature of knowledge they define
eight stages of cognitive development of pupils ([1] p. 30):

1 Pre-operational
2A Early concrete
2A/2B Mid concrete
2B Late concrete
2B* Concrete generalization

3A Early formal
3A/3B Mature formal

3B Formal generalization

Table 1: Cognitive development stages

Shayer and Adey use it in the age range of 5 to 16 year old pupils.
We use the stages on students in the range of 18 to 22. Shayer and
Adey found that at the age of 16 30 percent of the pupils were at
stage 3A and only approximately 10 percent at stage 3B. Further
more they found that the curve describing the progression of
stages was very flat at that age [10]. We therefore believe it will
be relevant to use this stage model to describe the students cogni-
tive development stage and thereby their abstraction power.

Based on Inhelder and Piaget [17], Adley and Shayer describe
what they call “reasoning patterns of formal operations” and
group the eight patterns in three groups: Handling of variables, re-
lationships between variables and formal methods. See [1] pp. 17-
25 for a more exhaustive description. A person can of course be at
a higher development stage in one of these reasoning patterns, but
“one would not find an individual competently fluent with one or
two of the reasoning patterns who would not, with very little ex-
perience, become fluent with them all” ([1] p. 17).

Shayer and Adley have developed several tests to determine the
students’ cognitive stage. These test focus on several of the rea-
soning patterns, but since the students “with very little experience,
become fluent with them all” we find it sufficient to use only one
test. We will use the so called “pendulum” test; a test that has
been used for a long time to test children’s understanding of the
laws of the physical world [6]. Shayer and Adey argues that the
pendulum test is particular focused on testing the cognitive devel-
opment stages from 2B to 3B ([1] p. 30) — the span of cognitive
stages we find relevant to test for our age group.

3.4.2 Emotional health
Many psychological variables affect the success and retention of
students in an educational setting. Brooks and DuBois [8] found
that emotional variables have a strong influence on how well stu-
dents adjusted to their first year at college. This is a strong predic-
tor of academic success [34].

High self-confidence [7], self-control [39], and having an
achievement-oriented personality [14] are associated with a higher



academic performance. In addition, students who are adaptive per-
fectionists tend to adjust better to college and as a result, have
higher rates of retention [25].

We will investigate the impact of these factors have an on the suc-
cess of a model-based introductory programming course.

Perfectionism is assessed using a subscale of the Eating Disorders
Inventory [15]. Students will respond to statements about their
performance levels in activities and the influence of the expecta-
tions of others (e.g., family, teachers, parents), such as, “Only out-
standing performance is good enough in my family.” Responses
indicated the participant’s agreement based on a 6-point scale
ranging from 1 (never) to 6 (always) and were summed.

Self-Esteem is measured using the Rosenberg Self-Esteem Scale
[27]. This scale is probably the most widely used scale measuring
self-esteem. It has ten questions addressing personal feelings
about one-self plus positive and negative emotions (e.g., “I feel I
have a number of good qualities”). Students responded on a 4-
point scale ranging from “strongly agree” to “strongly disagree”.

Coping tactics is measured via the Brief COPE [11]. This 28-item
Likert-type questionnaire contains 14 tactics (e.g., seeking emo-
tional support, giving up, etc.). Students responded to how they
would deal with a stressful event on a 4-point scale ranging from
“I wouldn’t do this at all” to “I would do this a lot”. This measure
has been tested on a variety of populations, and the measure has
been validated and shown to be reliable [11].

Affective states is measured using the 30-item version of the Pro-
file of Mood States (POMS) [20]. This Likert-type questionnaire
assesses the mood states of tension, depression, anger, vigour, fa-
tigue and confusion. This measure has also been tested on several
populations and has shown to be reliable and valid [31].

Optimism is assessed via the Defensive Pessimism Scale (DPS)
[21]. The students will indicate the degree to which each of 11
statements describing characteristics of either optimism or pessi-
mism is representative of their thoughts and behaviour in aca-
demic situations. Previous studies utilizing this questionnaire
have found this scale to have good predictive utility [29].

4. CONCLUSIONS

Several studies of success factors within computer science have
been undertaken. However, all of these studies have focused on
what we call traditional indicators and not on what in other areas
have been found to have the greatest impact on success (emotional
factors) nor on what many educators believe to be one of the most
important skills of a programmers (abstraction power).

In this article, we have outlined how we will address and investi-
gate the influence of these two factors.

Further work need to be done in order to make generalizable re-
sults on the success factors for objects-first programming; we in-
vestigate potential indicators of success that we believe to be
dominant in predicting success and which we can do something
about by changing our course design.
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