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An evaluation of the effectiveness of using a hybrid PBL approach in
the teaching of the Java programming language to first year third level

students

James Doody
ITT Dublin
james.doody@ittdublin.ie

Abstract

First year students on third level Computing courses find Software Development difficult: learner
outcomes are poor, with high failure rates and low learner retention. A number of research studies
have shown that novice programmers have low intrinsic motivation and low programming self-
efficacy. One of the other possible explanations for the difficulties many learners have with Software
Development is that it may be a Threshold Concept in Computing. The literature suggests that
Problem-Based Learning (PBL) can improve the teaching of difficult concepts, and it has been
promoted by professional and funding bodies as a teaching strategy that can improve learner
outcomes and bring about positive changes in learner behaviour. The main aim of this research study
was to establish the impact on learner behaviour of a Hybrid PBL approach used in the teaching of an
introductory Software Development module at an Irish third level institution. Learners on the Software
Development module are characterised by low prior attainment in State college entry examinations,
and the majority are from low income socio-economic backgrounds. Learner behaviours were
investigated over four cohorts of learners using a large range of data sources. A randomised
controlled experimental design was used to measure changes in attainment, programming self-
efficacy, motivation, approaches to study and preferences for types of teaching. Questionnaires, data
mining of learner activity and attendance logs were used to provide additional information about
learner behaviour, and further analysis was undertaken using qualitative techniques such as
classroom observations and interviews. Both qualitative and quantitative measures were used to
confirm, cross-validate and corroborate findings. The study made significant discoveries about the
strengths and limitations of the Problem-Based Learning approach in the teaching of Software
Development to low attainment learners. The implications for instructional practice and for
educational theory and research are discussed and a number of recommendations are made.

Keywords: Problem-Based Learning, Software Development, Computer Programming, Curriculum,
Programming Self-Efficacy, Motivation, Approaches to Studying, Teaching, Learning.

1. Introduction and Rationale

The production of defect-free quality software is essential for the correct
operation of many critical systems. The demand for software is growing and it
has become ubiquitous. However, there are many problems with the
production of software, in particular it is often poorly written and faulty. More
time is spent fixing errors in existing software than writing new code. The
economic cost of software failure is counted in billions: in the U.S. alone,
software bugs cost the economy an estimated $59.5 billion annually
(Newman, 2002). There are many causes of software failure and key among
them are the deficits in the education and training its creators received.
Software is not a mass-produced product: it is handmade, crafted by
individuals. Most of these individuals are educated as Software Developers in
universities and other higher education institutes and they require mastery of
a diverse range of skills to become competent programmers (Lohr, 2001). It is
well accepted within the computer science community that first year students
find Software Development difficult (Dijkstra, 1989; Jackson, 2003; Jenkins,
2002). Failure rates are high and learner retention is low (Bennedsen &
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Caspersen, 2007). Many learners have low intrinsic motivation (Mamone,
1992). Many students show high reproduction orientation in their approaches
to studying (Jenkins, 2001). Novices’ programming self-efficacy levels are low
(Wiedenbeck, LaBelle, & Kain, 2004); and improvements need to be made in
the way that Software Development is taught (Fincher, 1999; Fincher et al.,
2005; Jenkins, 2002). Recent educational research may help provide some
solutions to these problems. A number of research papers have identified that
Software Development (Java programming) is a Threshold Concept in
Computing (Boustedt et al., 2007; Eckerdal et al., 2006). The literature
suggests that Problem-Based Learning can improve the teaching of difficult
concepts (Ayres, 2002; Hmelo-Silver, 2004; O'Kelly, 2005) and bring about
improvements in learner behaviour (Dolmans & Schmidt, 2006; Richardson,
2005; Schmidt, Loyens, van Gog, & Paas, 2007). Newman (2004, p. 1) states
that Problem-Based Learning (PBL) “represents a major development and
change in educational practice that has a broad impact across subjects and
disciplines worldwide”. PBL is promoted by professional and funding bodies
as an appropriate strategy for education and increasingly as a method of
choice.

While there have been a number of informative Irish PBL case studies (e.g.
Barrett, Mac Labhrainn, & Fallon, 2005), none has focused on low attainment
learners on Software Development Programmes. According to Barrows &
Tamblyn (1980, p. 1):
“Problem-based learning is the learning that results from the process of
working toward the understanding or resolution of a problem. The
problem is encountered first in the learning process.”

PBL is a teaching method that can be used in many formats, such as small-
group tutorials, problem-based lectures, large-group case method discussion,
and problem-based laboratories (D. M. Kaufman, 1995). However, it is used
most commonly in small groups with a facilitator. The essence of the PBL
method involves three steps: confronting the problem; engaging in
independent study; and returning to the problem (Wilkerson & Feletti, 1989).
While some aspects of PBL are considered highly effective, the effectiveness
of other aspects is disputed (Albanese & Mitchell, 1993; Berkson, 1993; R.
Butler, Inman, & Lobb, 2005; Mike Newman, 2004; Norman & Schmidt, 1992;
Vernon & Blake, 1993).

One area of debate is the effect of PBL on learners’ acquisition of knowledge
and skill (the application of knowledge). Albanese and Mitchell (1993) found
shortfalls in students’ knowledge following PBL courses compared with
students enrolled on traditional courses. This shortfall in knowledge is
supported by the findings of other studies (Baca, Mennin, Kaufman, & Moore-
West, 1990; Eisenstaedt, Barry, & Glanz, 1990). An analysis of the impact of
Hybrib PBL on learner attainment was also undertaken and the findings
reported elsewhere (Doody, 2009).

PBL has been implemented in environments varying in scope from one single

course (Lewis & Tamblyn, 1987) up to an entire curriculum (A. Kaufman et al.,
1989). As Dochy et al state “while the impact of PBL as a curriculum is
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certainly going to be more profound, a single course can offer a more
controlled environment to examine the specific effects of PBL”. This view is
shared by other researchers (Albanese & Mitchell, 1993; Schmidt, 1990). This
is the approach we have taken in this study.

2. The Introduction of Hybrid PBL.

In the mid-2000s, there was a general decline in the number of second level
students choosing Computing at third level. This led to the entry into first year
Computing of low attainment learners. This in turn led to a problem of poor
student retention in first year, with the Software Development module having
particularly high failure rates. It is well accepted within the computer science
community that first year students find Software Development difficult
(Jackson, 2003). One of the major stumbling blocks is the abstraction of the
problem to be solved from the exercise description (McCracken et al., 2001).
It was considered that if a new way of teaching the Software Development
module were introduced, the high failure rates in that subject could possibly
be redressed and first year retention rates ultimately improved. The Computer
Science Department at another Irish College (O'Kelly, 2005) had already
introduced a PBL model to teach first year Software Development and it was
decided to apply the same model, including lecturers being provided with PBL
training. Training helps to initiate and develop the PBL programme and to
assist staff in adjusting to the role of facilitator/mentor/coach (Donald R.
Woods, 1996).

2.1 Implementation of the Hybrid PBL module

Ellis and Dick (2000) argue that group size has a number of effects, including
the degree of participation possible and the strength of bonds between
members. Groups of 7-8 students were decided upon. Gender balance was
difficult to achieve with approximately 90% of the class being male each year.
Each team developed its own set of ground rules for behaviour and goal
achievement, and these rules were reviewed regularly by the team. It was the
responsibility of each team to keep its journal updated. Each team worked
together for the entire semester.

The problems used to teach the PBL module were developed by O’Kelly
(2005) and are based around specific Software Development learning
outcomes. The problems created fall into three broad categories: firstly,
extendable conceptual problems, that is, problems that ensure the students
focus on core concepts of computer programming in order to solve a problem.
These problems involve no programming but require that the students
understand programming-related concepts. The problems also allow for
increased levels of difficulty to be added to the problem once a solution is
found to ensure that the problem sustains the students’ interest. The second
category of problems used is non-extendable conceptual problems which help
a student to understand programming-related concepts without performing
any programming. This type of problem has just one solution and is not
extendable. The third category of problems, programming problems, are
typical computer programming problems that the group tries to solve
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collectively. This type of problem aids the weaker student as he/she gets to
see how a stronger student solves a programming problem (O'Kelly et al.,
2004).

While the amount of lecture time provided for Software Development
remained unchanged under the PBL model, the structure of the lectures was
changed. The PBL approach used copied that used by O’Kelly (2005) and
was informed by the work of Deek et al (1993), Woods (1996) and Waite et al
(2003). Under this hybrid PBL model, a problem was presented at the
beginning of class: the students were paired and asked to generate possible
ideas to solve the problem. Each pair of students was then grouped with
another pair and this bigger group was asked to develop an algorithmic
solution based on their combined ideas. The lecturer facilitated the group
process during this period. The lecturer then collaborated with the students to
solve the problem algorithmically with ideas generated from different groups
of students. Once a solution to the problem was drafted, the lecturer stepped
through the solution with the students, any difficulties were identified and
rectified by the class and the step-through process began again until such
time as a viable solution was reached. At this point the translation of the
algorithm to code occurred. During this process any programming concepts
that students did not understand were flagged and covered in tutorials. The
methods used to assess the students summatively remained unchanged
under the PBL model (two in-laboratory based practical assignments and a
paper-based closed book end-term exam).

3. Research Methodology

From a detailed literature review a number of research questions emerged
(Doody, 2009). These research questions were examined in detail in the
context of the implementation of a hybrid PBL Java programming module for
novices at an lIrish higher education establishment. Attainment related
research questions are discussed elsewhere (Doody, 2009).

This paper examines:

1. What are the effects of using a PBL model on learner self-regulation?

2. What are the effects of using a PBL model on learners’ programming
self-efficacy?

3. What are the effects of using a PBL model on students’ approaches to
learning and on general learner engagement?

4. What are the effects of using a PBL model on learner preferences for
different types of course and teaching?

3.1. Participants

Participants in the study were drawn from four cohorts of first-year students
who enrolled for the academic years 2005/2006, 2006/2007, 2007/2008, and
2008/2009. In all, 398 first year students took part in the study. Repeat
students taking the module for a second time were excluded from the study,
therefore, each year the cohort contained a different set of participants from
the previous year. Demographic details show a learner population profile with
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a male:female ratio of around 10:1, with all students speaking English as their
first language, almost all of Irish nationality, all except one learner between 18
and 23 years of age, and the majority living in areas of Dublin suffering from
socioeconomic disadvantage. Ten lecturing staff and four tutors also took part
in the study.

3.2. Methods of Analysis

A mixed method design including both qualitative and quantitative measures
was used in this study. A concurrent triangulation strategy was employed to
add validity to the research findings (Creswell, 2003, p. 215). A quantitative,
controlled, experimental research design was used to empirically test each of
the research questions. In addition, a qualitative approach based on grounded
theory was used to further explore and scrutinize each research question.

Learner participants were randomly split into a PBL treatment group (Group
A) and a non-PBL treatment control group (Group B). This was done for each
of the four cohorts. Each hypothesis was tested quantitatively over a number
of cohorts using the instruments (described in section 3.3 below) which were
given out before and after the teaching, and effect sizes for each hypothesis
were calculated. In addition, information on learners’ attendance was
analysed statistically. Qualitative information on learners’ backgrounds and
PBL experiences was collected using questionnaires. Furthermore, interviews
were carried out with learners and staff involved in the PBL group and
detailed field notes were taken of observations of learner in-class behaviour.

3.2.1. Controls

The same staff member acted as overall coordinator for the module for the
duration of the study. This allowed for the control of teacher effects. The same
methods of summative assessment were used for all four cohorts of learners.
Within each cohort, identical marking schemes and assessments were used
for both groups. The physical learning environment of classrooms and
computer laboratories, and the time allocation and combination of lectures,
tutorials and laboratories was the same for both groups. In cases where
statistical tests assumed a normal distribution of data, the Kolmogorov-
Smirnov normality test was carried out to ensure normality.

3.3 Instruments and Measures
A review of the literature identified a number of established instruments that
could be used to help test the different hypotheses (Doody, 2009).

3.3.1. Learner Self-Regulation (Research Question 1).

Participants’ Learning Self-Regulation (Autonomous or Controlled Regulation)
was measured over two cohorts of learners using a statistical analysis of
learner responses on the Learning Self-Regulation Questionnaire (SRQ-L)
(Williams & Deci, 2007) which was given out to all participants in both groups
at the start and end of semesters 1 and 2. The Self-Regulation
Questionnaires used are well validated, (Black & Deci, 2000; Ryan & Connell,
1989; Williams & Deci, 2007).
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An indicator of the success of the Hybrid PBL model is whether Group A’s
Computer intrinsic motivation increased at a greater rate than Group B’s. A
number of statistical tests were carried out on the results to assess changes
in learners’ intrinsic motivation due to attending the PBL module:

e Group A’s Learning Self-Regulation results at the start and finish of
semester 1 were compared against Group B’s results;

e Any change in Group A’s Learning Self-Regulation during semester 1
was compared against Group B’s results.

From these comparisons it was possible to test the following hypothesis:
1. Learners who complete the PBL course will have a higher degree of
intrinsic motivation than those in the control group.

3.3.2. Programming Self-Efficacy (Research Question 2).

Participants’ Programming Self-Efficacy was measured over two cohorts of
learners using a statistical analysis of learner responses on the Computer
Programming Self-Efficacy instrument (PSE) (Ramalingam & Wiedenbeck,
1998), which was given out to all participants in both groups at the start and
end of semesters 1 and 2. The PSE Scale was developed for use with object-
oriented programming languages, and has been used in a number of studies
in higher education on learners of the Java programming language (Askar &
Davenport, 2009; Bergin & Reilly, 2005; Cantwell-Wilson & Shrock, 2001,
Ramalingam & Wiedenbeck, 1998).

An indicator of the success of the Hybrid PBL model is whether Group A’s
Computer Programming Self-Efficacy increased at a greater rate than Group
B’s. A number of statistical tests were carried out on the results to assess
changes in learners’ Self-Efficacy due to attending the PBL module:
e Group A’'s Computer Programming Self-Efficacy results at the start and
finish of semester 1 were compared against Group B’s results.
e Any changes in Group A’s Computer Programming Self-Efficacy during
semester 1 was compared against Group B’s results.

From these comparisons it was possible to test the following hypothesis:
2. Learners in the PBL group will show a higher degree of programming self-
efficacy than those in the control group.

3.3.3. Students’ Approaches to Learning and Learner Preferences
(Hypotheses 3 & 4)

Students’ approaches to studying and learner preferences were measured
over two cohorts of learners, using a statistical analysis of learner responses
on parts B and C of the Approaches and Study Skills Inventory for Students
(ASSIST), which was given out to all participants in both groups at the start
and end of semesters 1 and 2. ASSIST was developed by Entwistle (1997)
and has been widely used, is well validated, and has had its reliability well
tested (Entwistle, Tait, & McCune, 2000; Long, 2003; Tait & Entwistle, 1996).
An indicator of the success of the Hybrid PBL model is whether learners in
Group A show higher scores on meaning orientation and lower scores on
reproduction orientation and a greater preference for teaching that supports
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deep learning than learners in Group B. A number of statistical tests were
carried out on the results to measure and assess changes in learners’
learning orientation and preferences due to attending the PBL module:

e Group A’s approaches to study and their preferences scores at the
start and finish of semester 1 were compared against Group B’s
results;

e Any change in Group A’s approaches to study and preference scores
during semester 1 was compared against Group B’s results.

From these comparisons it was possible to test the following Hypotheses:

3. Learners in the PBL group will show higher scores on meaning orientation
and lower scores on reproduction orientation than those in the control group.
4. Learners in the PBL group will show a greater preference for courses and
teaching that support deep learning (as opposed to surface learning) than
those in the control group.

4. Results
4.1. Motivation

Some evidence was found that the hybrid PBL model brought about a slight
improvement in learners’ relative autonomy with an overall effect size of (ES =
0.23). Nonetheless, given that the results are not statistically significant, it
cannot be said that learners who complete the PBL course will have a higher
degree of intrinsic motivation than those in the control group. This was an
unexpected result in view of the research that suggests that the PBL teaching
method promotes perceived autonomy and self-determination (S. Butler,
1999; De Volder, Schmidt, Moust, & De Grave, 1986; van Grinsven & Tillema,
2006), which in turn can have a positive effect on students’ motivation (Deci &
Ryan, 1985; Hidi & Harackiewicz, 2000). However, one major difference
between those studies and this study is that the participants in the former
were high attainment learners. In addition, given that research has shown low
levels of intrinsic motivation and high levels of extrinsic motivation to be
attributes of learners on programming courses (Mamone, 1992), research is
needed to examine if learners on certain Computing courses are less
intrinsically motivated than learners on high status courses like medicine.

4.2. Software Development Self-Efficacy

Evidence was found that the hybrid PBL model brought about a significant
improvement in learners’ programming self-efficacy with an overall effect size
of (ES = 1.70). Therefore it can be said that learners who complete the PBL
course will have a higher degree of programming self-efficacy than those in
the control group. This result was expected given the research that shows a
link between programming self-efficacy and PBL (Bergin & Reilly, 2005;
Dunlap, 2005), and programming self-efficacy and improved performance in
skills (Wiedenbeck et al., 2004). To explain this finding, it might be the case
that the specific instructional strategies used in PBL, namely the use of
authentic problems of practice, collaboration and reflection, increase student
engagement and are therefore the catalysts for students' improved self-

PAGE |165



HIGHER EDUCATION IN TRANSFORMATION — DUBLIN 2015

efficacy (Hendry, Frommer, & Walker, 1999). The effect size in this study was
larger than that reported by Bergin and Reilly (2005) in a study at an Irish
university on the role of comfort-level (including programming self-efficacy) on
a first-year object-oriented Java programming module taught using a
Problem-Based Learning approach. This divergence in findings might be
partially explained by the difference in prior attainment of the participants.
Given the low prior attainment of learners in the study, it is possible that they
had greater scope for improvement in programming self-efficacy.

4.3. Approaches to Studying

When compared against the non-PBL group there was evidence that the
hybrid PBL model led to an improvement in learners’ meaning orientation,
with an overall effect size of (ES = 0.35) on deep approaches to learning, and
a reduction in reproduction orientation with an effect size of (-0.75) on surface
apathetic approach. A small negative effect was also seen on the strategic
approach, with an effect size of (ES = -0.41). From these findings it can be
said that learners in the PBL group will show higher scores on meaning
orientation and lower scores on reproduction orientation than those in the
control group. This result was expected and is in line with the results of
studies of paramedical and medical students students (Newble & Clarke,
1986; Sadlo, 1997).

4.4. Preferences for Different Types of Teaching

Evidence was also found that the hybrid PBL model led to an increase in
learners’ preference for Supporting Understanding approaches to teaching
with an overall effect size of (ES = 0.36) and a reduction in learners’
preference for Transforming Information approaches to teaching with an effect
size of (-0.63). These results suggest that learners in the PBL group will show
a greater preference for courses and teaching that support deep learning (as
opposed to surface learning) than those in the control group. These findings
are in line with results from other studies that show evidence that PBL
enhances students’ approaches to learning and improves their perception of
the quality of their course (Sadlo, 1997; Sadlo & Richardson, 2003).

4.5. Discussion of Other Findings

Feedback from interviews with learners suggests that the PBL model used
may provide a good transition for students to a third-level environment by
helping them get to know the other students in their class. It also facilitates
students in developing peer group support networks that help to remove the
feelings of isolation commonly experienced by first-year students. However,
some students said during interview that they did not like the course structure
and some students said that they did not feel that they had actively
participated in the PBL sessions. A group size of 7-8 may be too large and
allow some members to avoid working on the problems. Tutors need to be
aware of these difficulties and provide independent work in the laboratories
and closely monitor the division of work within PBL groups.
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Observations of the PBL labs showed that they were in general active
learning environments. However, questionnaire responses showed that
students did not spend much time outside of class revising software topics or
problems. This suggests that students do not reflect on their learning activities
outside of class time. The observations of the PBL labs as active learning
environments support the finding that learners in the PBL group will show
higher scores on meaning orientation and lower scores on reproduction
orientation than those in the control group, and that they will also show a
greater preference for courses and teaching that support deep learning (as
opposed to surface learning) than those in the non-PBL group. However, the
observation that the PBL learners did little further work outside class time
shows that these effects are limited.

The non-PBL groups showed little inter group tension, with students chatting
and laughing about their social activities. The PBL groups displayed some
limited intra group tension and arguments, and a number of students felt that
the group climate did not facilitate the learning process. This point was raised
particularly by the female students. The issues they raised were that some
male members of the group did not contribute to the problem-solving and that
the females did not like engaging in arguments about group activities. Other
studies have also identified issues of an unfair distribution of work in PBL
groups (Kinnunen & Malmi, 2005; Donald. R. Woods, Hall, Eyles, Hrymak, &
Duncan-Hewitt, 1996), and strategies need to be identified to address this
problem.

PBL groups that worked efficiently had focused discussions about
programming problems: their conversations did not lapse into irrelevant
topics. Inefficient PBL groups also had members who were very dominant due
to their previous knowledge or their personality. Tutors need to be aware of
this problem and can help other students to cope with dominating students in
constructive ways. Other studies have also identified the problem of dominant
group members and they provide guidance for tutors in addressing this
problem (Benbow & McMahon, 2001; Donald R. Woods, 1996). PBL group
tensions have also been noted by Kinnunen & Malmi (2005) who conducted a
study of PBL in an introductory programming course in Finland.

Another issue highlighted by the study was staff burnout. When PBL was first
introduced in the Computing Department, staff were particularly enthusiastic
and devoted a great deal of effort to its organisation and delivery. In the
following years the enthusiasm lessened, mainly due to the high workload
involved in supporting the PBL classes (Doody, 2009). Marsh (1987) reports
that this is a common occurrence when PBL is introduced. It is also interesting
to note that dropouts were spread evenly between both the PBL and non-PBL
group, a finding which is contrary to what Newman (2004, p. 151) observed in
his meta-analysis of PBL, where dropout rates were much higher in the PBL
groups.
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5. Discussion, Limitations and Conclusions

“[T]he answer to the question ‘Does PBL work?’ is: it depends.”
(Richardson, 2005, p. 51).

5.1 Limitations of the Study

There are some limitations of this study that must be taken into account
before reaching any generalisations. First, the learners in this study were
mainly low attainment learners and the findings may not be more generally
applicable to contexts involving high attainment learners. Second, the groups
are not totally statistically independent, as Computing students mix freely
between groups and with engineering students outside of class time. Third,
most of the learners in the study were grant-aided in that they are paid for
attending classes. This may skew attendance and retention rates and lessen
the general applicability of the findings. Fourth, some of the findings in this
study are based on learner responses on self-report questionnaires. However,
a number of steps were taken to ensure validity. Fifth, learner participants in
this study were very homogeneous: there was a small number of female and
ethnic minority participants, and the needs of students with disabilities and
special educational needs were not focused upon. Finally, it should be noted
that the sample frame used in this study, constituted an opportunity sample,
and that the finding cannot therefore be safely generalized to higher education
as a whole. A multi-national, multi-institutional study would provide more
generalisable findings and overcome some of the possible shortcomings of
using an opportunity sample.

5.2. Conclusions

Although it cannot be said that learners who complete the PBL course will
have a higher degree of intrinsic motivation than those in the control group,
the comparisons between groups provide support for the hypotheses that first
year Software Development students taught using a PBL approach will: have
a higher degree of programming self-efficacy than those in the control group;
show higher scores on meaning orientation and lower scores on reproduction
orientation than those in the control group; show a greater preference for
courses and teaching that support deep learning (as opposed to surface
learning) than those in the control group; and perform better in continuous
assessment that test skills but not in final exams that test knowledge.

The improvement in skills is perhaps because in the non-PBL group the
learning effort was mainly focused on programming strategies focused on
code syntax and a trial and error attempt to develop a correct programme
schema, while in the PBL group the learning effort was mainly focused on
developing programming strategies based on a correct programme schema,
and not on code syntax.

The study provides evidence that the PBL model assists students in problem

abstraction, problem definition and problem refinement. Interviews with staff
suggest that the non-PBL group working on the same set of problems
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remained stuck dealing with syntax issues, rather than mastering the
concepts of abstraction and object orientation. Thus it is likely that the
students taught using the PBL method will develop greater mastery of the
concepts of object orientation and abstraction. This suggests that the PBL
method is better at helping students master Threshold Concepts in
Computing, which in turn suggests that the use of PBL to teach novice
learners may help to improve student retention.
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