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This paper briefly explores the role of experiential learning in software engineering education,
focusing on Problem-based learning. An existing assessment strategy for grading individual
students in a small group Problem-based learning setting is described. Although the student
grades obtained may be a reflection of the course success, and standard questionnaires are also
employed to monitor student feedback, the authors devised a method to determine how the students
themselves perceive the success of the course in terms of their own learning outcomes. As well as
complementing the existing assessment strategy, this would allow them to evaluate the possibility of
integrating student self-assessment into the overall assessment strategy and would act as a valuable
feedback mechanism in fine-tuning the course. The results indicate that students perceive a marked
increase in their knowledge as defined by the course curriculum. In addition, there is a significant
difference between how course facilitators grade the students and how the students rate their own
knowledge. Interestingly, no obvious correlation was found between the academic results of the
students at the end of the previous year and their subsequent results in the Problem-based learning

course.

INTRODUCTION

WITHIN undergraduate software engineering
education, learning-by-doing or experiential learn-
ing has always been important. Individual
capstone projects during the final year are almost
universally accepted, while group-based projects
are becoming more common across all years of
software engineering degree programs in many
universities [1-6]. One important approach to
providing a group-based project experience is
Problem-based learning (PBL), a collaborative
learning process where students work in groups
to solve real software engineering problems in a
simulated work environment. One of the key
challenges associated with small group PBL is to
award students grades that accurately reflect both
their collaborative effort and their individual
contribution to the team project. This grade,
together with standard feedback questionnaires,
may reflect the success of the course in meeting
the course curriculum objectives and the authors
believe that this can be complemented with an
approach that integrates how students perceive
their own learning outcomes.

In this paper the authors present the method
they have devised to determine how students
perceive their own learning outcomes following a
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small-group PBL software engineering course.
They give sample data and provide an analysis of
this data to illustrate the validity of their approach.
Before this, we describe the approach adopted by
the authors to grade individual students in a group
Problem-based learning setting. To set the scene,
the next section introduces experiential learning
in software engineering education, focusing in
particular on PBL and the documented evidence
for the effectiveness of PBL in teaching software
engineers.

EXPERIENTIAL LEARNING AND
PROBLEM-BASED LEARNING IN
SOFTWARE ENGINEERING

There is general agreement between industry,
universities and accreditation bodies that learn-
ing-by-doing should be given more emphasis in
software engineering education [4, 7-10]. Learning
is the process whereby knowledge is created
through the transformation of experience [11].
Approaches to providing this concrete experience
differ, ranging from the traditional ‘chalk-and-
talk’ paradigm [9], where a lecturer presents
information to a group of students, to Problem-
based learning, where students themselves seek
out the information they require to solve a given
problem. The following paragraphs summarise
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some of these approaches in software engineering,
concluding with a discussion of Problem-based
learning.

® Studio approaches are based on the concept of
‘reflective practice’ introduced by Schoén [12].
Kuhn er al. describe studio-based learning as a
technique that simulates how architects evaluate
and assess previous architectural solutions
devised by both themselves and by others to
design and construct new buildings [13]. When
this approach is applied to software engineering,
learners are given a large software engineering
project to conduct. During subsequent tutorials
they meet to analyse their approach to solving
the problems and to analyse solutions others
have adopted in the past. They learn through
this continuous reflective process.

® Gonsalvez and Atchison have implemented a
similar ‘studio-based approach,” where 25% of
the content of the information technology
degree program is dedicated to practical work
sessions during which students experience the
development of software systems under indus-
trial conditions [14]. Their approach differs from
that of Kuhn et al. in that they employ formal
teaching to teach new course material.

® The ‘learner-centered approach’ of Seffah and
Grogono [15] focuses on the needs, skills and
interests of software engineers. It is a distance
learning approach for retraining unemployed
engineers in software engineering, using e-mail,
Internet, FTP and discussion groups. The course
is based on a multiple project approach, with
each project building on the previous one. In this
way learners build upon their past experience, as
well as sharing their experiences with other
learners.

e Jeffery describes a ‘project-oriented approach’
to teaching software engineering [16]. This
approach uses a chalk-and-talk paradigm with
regular group discussions on a single assign-
ment. The approach is based on the spiral
model of software development and consists of
five iterations of three weeks each.

® In the ‘real-world object oriented design’
approach of Ouyang and Wang, a single group
software engineering project is executed in par-
allel with two separate courses in networking
and software engineering [17]. The courses are
delivered using the chalk-and-talk approach. In
contrast, little or no guidance is given to the
learners with the project, which involves the
development of an object-oriented system
under real-world conditions.

The common characteristics among these
approaches are learner focus, reflective practice
and real-world simulation. These are also key
aspects of Problem-based learning (PBL), a generic
teaching technique that originated in McMaster
Medical School in Canada during the Ilate
1960s [18]. Prior to McMaster, Michigan State
University had proposed a technique called ‘focal

problems’ based on similar ideas, but which never
became popular [18]. PBL reverses the traditional
approach to learning and has been classified as a
category of experiential learning [19]. It presents
the student with a real-world problem and the
student must explore the solution domain in a
self-learning capacity. Thus, the students learn
the course material through guided practical appli-
cation of their knowledge to a suitable task. Its
introduction into educational courses is related to
a constructivist theory of learning [18, 20], where a
learner’s current knowledge is challenged and,
through interaction with other people and with
the broader environment, the learner constructs
new knowledge. The lecturer’s role is to scaffold
the students’ learning process so that the lecturer
becomes a facilitator. Small group PBL is becom-
ing an increasingly popular approach to teaching
software engineering skills and this is discussed in
detail by Ellis et al. [21] and Woods [22].

However, within software engineering and
computer science, mixed views regarding the
effectiveness of PBL have been documented.
McCracken & Waters describe the application of
PBL to a software development course [23]. They
identified a number of shortcomings in the PBL
methodology and performed an ethnographic
study to determine the students’ viewpoint. This
study was conducted by observing and by audio
recording of the meetings held between students.
Among their conclusions they advise that learners
need to be given skills for team building, that
learners need assistance in identifying their indivi-
dual learning goals and that they need to be taught
to distinguish product from process. Fekete and
Greening describe the application of PBL to
teaching first-year computer science subjects and
consider such an approach so successful that they
have adopted it as the basis for facilitating
first-year learning of computer science [24, 295].
Cavedon and Harland explored a PBL approach
to teaching artificial intelligence and state that
although necessary, the appropriate form self-
assessment should take/needs more work [26].
Studies of the outcomes of PBL in other domains
have also been documented [27-30].

We note in passing that any evaluation of PBL
in a real-world situation may be subject to the
Hawthorne Effect [31]. This means that the posi-
tive attitude adopted by students and academic
staff to the PBL approach may, in part, be a direct
result of the psychological effect of participating
in a new teaching paradigm or being subjected to
experimental evaluation.

Thus far we have explored teaching approaches
that encourages experiential learning in software
engineering education. In the following sections a
new course assessment strategy for small-group
PBL is presented and analysed within the context
of a software engineering degree program. As a
first step, we explain the assessment strategy that
has been adopted to evaluate student performance
on the course and then proceed to examine the
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success of the course in terms of the learning
outcomes as perceived by the students themselves.

ASSESSING STUDENTS IN A PBL GROUP
SETTING

One of the key difficulties in implementing a
PBL course is to formally assess and grade the
learners [20, 32]. Assessment provides continuous
feedback to the learners regarding their progress
and to the facilitators regarding the learning
outcomes in relation to the pre-established learn-
ing goals. This allows the course to evolve and
change and gives the facilitators the chance to
redirect learner efforts. The assessment issue
within PBL is discussed in detail by Savin-Baden
[33] and she notes the difficulties associated with
the facilitator acting as an assessor, in particular in
relation to its effect on the power dynamics within
a PBL group.

The experience of the authors in setting up and
facilitating a small group PBL course as part of a
third year computer science and software engin-
eering degree program [34, 35], has led them to
identify four core issues that need to be addressed
when assessing students in a group project setting.
These are:

1. Assessment of the group performance.

2. Assessment of the individual contribution to
the group.

3. Assessment of the project deliverables.

4. Assessment of the course success.

In the present study, assessment of the group, the
individual and the project deliverables in the
small-group PBL project course, was centred on
three skills groups, which were identified from the
course objectives. Following identification of the
skills groups, various assessment techniques were
chosen and employed to assess each of them. The
skills groups and associated assessment techniques
are summarised in Table 1.

The assessment techniques outlined above
focused on the group, the individual and the
project deliverables and enabled the facilitators

to grade the learners based on a weighted sum of
a group and an individual mark. In previous years,
the individual student grades obtained using this
method were combined with standard end-of-
course feedback questionnaires to determine the
course success. However, in the course being
discussed in this paper the authors were also
interested in gauging the success of the course
from the learners’ point of view, in particular to
determine whether they perceived that the learning
outcomes were being achieved. This would allow
them to evaluate the possibility of integrating
student self-assessment into the overall assessment
strategy and would act as a valuable feedback
mechanism in fine-tuning the course and choosing
suitable problems in the future as well as comple-
menting the existing assessment strategy. They
therefore devised a technique to measure how
individual students perceive the development of
their own learning over the duration of the
course. The next section describes this technique.

AN EXPERIMENT WITH A NEW
ASSESSMENT STRATEGY

Assessment objectives

In PBL it is hoped that the problem drives the
learning process [21]. However, research demon-
strates that in general assessment tends to drive the
students’ learning [36]. Savin-Baden [33] highlights
the fact that the assessment methodology must fit
the type of learning promoted by PBL and is an
important part of the learning process itself. As a
result, the assessment methodology employed
needs to be linked to the teaching methodology
adopted and it should be planned at the same time
as the course itself is being planned [37]. In any
assessment procedure it is important to identify the
key assessment objectives [38, 39]. In the small-
group software engineering PBL course under
discussion, the assessment objectives focus on
implementation skills, teamwork skills and prob-
lem-solving skills as determined by the course
objectives and summarised in Table 1.

The success of the course in meeting the initial

Table 1. Summary of course objectives, skills groups, and assessment techniques

Course Objective Skills Group

Assessment Technique Mark Awarded

Implement a software design Implementation
specification and to produce software skills
documentation based on best practice

Operate in a team environment; to
contribute to the team; to organise
the team and assign roles and
responsibilities and to integrate any
industrial experience with their
theoretical knowledge

Think through a problem, analyse a
situation, deal with pressure and
communicate with clients

Teamwork and
leadership skills

and inter-
personal skills

Analytical thinking,
problem solving

Final product and relevant
documentation (summative
assessment by facilitators)

Group presentation and interview
(summative assessment by the course
facilitators and a third party)

30% (group)

40% (group)

Individual reflective journal, individual
interview and peer/self assessment
feedback forms (formative
assessment)

30% (individual)
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objectives is normally assumed to be reflected in
the final mark awarded by the facilitators to each
student, a higher mark meaning greater success.
However, in keeping with the PBL paradigm,
facilitators and learners are co-evaluators. This
co-evaluation is usually achieved by a process of
peer and self-assessment of students, together with
anonymous feedback forms [22, 40]. With a view
to incorporating a learner self-assessment mark
into the final grade of future courses, the authors
set out to determine how students evaluated them-
selves in terms of perceived learning outcomes.
Two core objectives of learner self-assessment
were identified as part of the small-group PBL
software engineering course. These were:

1. To assess the knowledge gained as perceived by
the learners.

2. To provide feedback from the students to the
facilitators on material which should be covered
in tutorials and integrated into the assigned
problem in future years.

Knowledge gained refers to the software engineer-
ing knowledge the learners acquired during the
small group PBL project course. This knowledge
was partitioned into three broad knowledge areas
as follows:

® knowledge carried forward;
e knowledge acquired;
® knowledge consolidated.

Three key software engineering subject areas were
assigned to each of these knowledge areas. Table 2
summarises both the knowledge and subject areas.

The authors aim to develop an appropriate
assessment methodology to determine the
perceived student learning outcomes in each of
the knowledge and subject areas and this is
described in the following subsection.

Assessment of perceived learning outcomes

To assess perceived learning outcomes, a meas-
ure of the students’ perceived knowledge at the
beginning of the course must be compared with
their perceived knowledge at the end of the course.
Such a measurement fits well with PBL, which
emphasises the importance of reflection and self-
assessment.

An initial benchmark for comparison with the
final perceived learning outcomes was obtained by

choosing a suitable assessment methodology after
examining a number of assessment techniques used
in education such as sentence completion, short-
answer questions, questionnaires with a Likert
scale and multiple-choice questionnaires (MCQ)
[19, 41].

To facilitate a quantitative analysis of the
gathered data, a customised self-assessment ques-
tionnaire with a Likert scale was used. All of the
questions followed a similar format. Learners were
asked to evaluate their knowledge in a number of
topics by giving each a score.

The self-assessment strategy aimed to assess the
three broad knowledge areas described earlier.
Each knowledge area consisted of three subject
areas, which in turn consisted of a number of
relevant topics. In all, there were 64 topics in
nine subject areas. The topics were selected based
on the course objectives and the curriculum
content and learners were required to give them-
selves a score reflecting their knowledge in each
topic. Some of the topics were chosen to assess
the validity of learner responses. For example, in
‘knowledge acquired’ topics relating to CASE
tools, UML and UML Modelling Tools were
interrelated and a consistent rating would be
expected. Other topics were purposely included,
although the students would have had no reason to
study those topics as part of the degree curriculum.
In such cases the ratings would be expected to be
very low. Examples of some topics that learners
had to evaluate within three subject areas are given
in Table 3. An important aspect of the forms was
that the Likert-style scores were extended to range
between 0 and 1000 instead of the standard 0 to 5.
Zero indicated very poor or strongly disagree
while 1000 indicated excellent or strongly agree.
A scale from 0 to 1000 was chosen to avoid neutral
answers, which may result from using a narrower
scale [42]. However, there is the risk that the same
score has a different value for different learners.
This risk is minimised by using a difference value
rather than an absolute value to measure the
learning outcome.

The chosen assessment method forced the lear-
ners to give numeric responses and this facilitated
the quantitative analysis of the data. The perceived
learning outcome for each subject area was calcu-
lated by subtracting the initial score from the final
score for each topic, and then averaging the scores

Table 2. Knowledge areas and subject areas

Knowledge area

Subject areas

Comment

Knowledge carried forward

Knowledge acquired
Databases
Web authoring
Software use
Resource use

Knowledge consolidated

Network protocols
Operating systems
Programming skills
Software engineering

These are knowledge areas that the
students should have acquired prior to
the group project course.

This is the primary pedagogical objective
of the PBL course.

Knowledge that transfers from being
theoretical to being practical

Communication skills
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Table 3. Learners gave a score to each topic between 0 and 1000 to reflect their knowledge of

that topic

Knowledge area

Subject area

Topic

Knowledge acquired

Software engineering

CMM

Databases

Web Authoring

VDM

Project Management
Object Oriented Design
SQL

database type 1
database type 2
HTML

CSS

ASP

PERL

of all topics across a single subject area for each
learner. An overall perceived learning outcome
figure was obtained by averaging across all subject
areas. These are represented mathematically in
Equations (1) and (2).

1 n X X
Pi="% (T}~ T)) (1)
j=1
1 m
Py=—> Pf )
k=1

where,

P =perceived learned outcome in subject area k;
n=number of topics in subject area k;

T/ = the final score for topic j;

7{/ = the initial score for topic j;

P, = overall perceived learning outcome;

m =number of subject areas.

The results are analysed and discussed in the
following section.

ASSESSMENT RESULTS AND DISCUSSION

The results of the initial and final question-
naires were tabulated and analysed. The perceived

200
Bﬂﬂ | *
o0 | A

learning outcome for each subject area was calcu-
lated as described previously. In all, 44 learners
participated in the self-evaluation process. An
initial analysis was made by comparing the indivi-
dual mark awarded by the facilitator to the indi-
vidual result obtained by that learner across all
curriculum subjects at the end of the previous year
based mainly on a traditional teaching para-
digm. It might be expected that academically
strong students would also perform well under a
PBL paradigm. A second plot was made compar-
ing the overall self-perceived learning outcome for
each learner with the facilitator’s evaluation of the
same student during the PBL course. These two
plots are shown in Fig. 1 and Fig. 2 respectively.

From Fig. 1 we have identified three distinct
groups (A, B and C) and two individual students
(D and E) for analysis purposes. Most of the
students belong to groups A and B. Group A are
those students who performed satisfactorily under
traditional teaching methods, but who have
performed significantly better when PBL was
employed. These students expressed satisfaction
with the team-based environment and benefited
from collaboration with stronger students on a
continuous basis during the entire project. Group
B are those students who performed well under
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Fig. 1. Plot of average result across all subjects from previous year against final facilitator mark in PBL-based course for each learner.
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Fig. 2. A plot of perceived learning outcome (difference between start and end of course) against final facilitator grade for each student.

both the PBL and the traditional teaching
approaches. We consider them to be solid workers
and are high achievers irrespective of the teaching
methodology or assessment technique employed.
In contrast group C indicates those students
who performed poorly in both methods. D and E
indicate two students who were academically
strong under traditional teaching methods during
previous years but who obtained a low grade in the
PBL course. On speaking to these students we
found that they were unhappy with any form of
assessment other than end of semester written
examination, that they lacked enthusiasm and
motivation because they had lost interest in their
degree program.

Figure 2 illustrates that there is no apparent
correlation between students’ perception of their
own learning outcomes and the facilitators’
perception of the student learning outcomes.
Almost without exception the students’ perceived
learning outcomes is lower than that perceived by
the facilitators. This means that either the students
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underestimate their own learning outcomes, or the
facilitators overestimate the students’ perfor-
mance. It should be noted that the facilitators’
grades are based on an absolute mark given at
the end of the course, whereas the students’
perceived outcome is based on a difference
between their evaluation at the start and end of
the course. For this reason, the low evaluation by
the learners may be explained by students over-
estimating their initial knowledge in a particular
topic or underestimating their final knowledge in
the same topic. If this were true, it would suggest
that during the course of the project students
realised that their knowledge was less than they
had perceived it to be. Such a realisation would be
important, as people cannot learn what they
perceive they already know.

Figure 3 depicts the improvement that the
students perceived in their own knowledge in
each of the nine subject areas and in the three
knowledge areas. The improvement in the know-
ledge acquired area exceeded the improvement in
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Fig. 3. Student-perceived improvement for the three knowledge areas and for the subject categories within those knowledge areas.
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Fig. 4. Learner perceived knowledge increase for all questions in the knowledge acquired area that comprises the web authoring,
software engineering and database subject areas.

the other two knowledge areas. Within the know-
ledge acquired area the students believed that they
improved the most in the software engineering
subject area. This improvement shows that the
learners themselves were motivated to learn soft-
ware engineering by encountering the concrete
difficulties of developing a software system in a
team setting. The role of the facilitator was to
survey the knowledge areas being explored and
guide learners in the appropriate direction. The
improvement in the other two knowledge areas
was more modest and naturally reflects the fact
that the students focused on the knowledge needed
to solve the problem at hand.

A more detailed breakdown of the subject areas
can be made by examining the average score for
each question. To illustrate this we analysed the
knowledge acquired area and the three subject
areas that comprise it. The perceived knowledge
acquired in each topic is shown in Fig. 4. From this
figure we note that in some topics the improvement
is minimal. These correspond to areas that the
learners did not have to study to complete the
project. We also note that learners naturally focus
on and improve in topics that helped them to
successfully complete the project such as UML,
documentation and requirement analysis. This
reflects the importance that should be attached to
selecting a PBL project. The choice should reflect
the objectives of the course curriculum. The key
areas of software engineering process show the

greatest increase, indicating that learners are
concentrating on the process rather than on the
product to complete the project.

CONCLUDING REMARKS

This paper examined experiential learning in the
context of software engineering education and, in
particular, focused on a category of experiential
learning called Problem-based learning. Assess-
ment is a key issue in PBL and four core issues
that need to be addressed when assessing students
in a group project setting were identified. These
were assessment of group performance, individual
contribution, project deliverables and the course
success. The importance of integrating student self-
assessment into the overall grade, and the impor-
tance of obtaining feedback regarding the learning
outcomes of the course, motivated the develop-
ment of a technique to measure student-perceived
learning outcomes. This technique was described
in detail and test results were presented and
analysed.

The authors believe that the assessment of
perceived student learning outcomes is an impor-
tant aspect in ascertaining the overall success of the
course and the results they presented indicate that
students are aware of increasing their body of
knowledge following the PBL group project. The
results also show that the learning outcomes as
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perceived by the students and the grades awarded
by the facilitators are uncorrelated, but that the
perception students have regarding their learning
outcome is lower than that of the facilitator. This
suggests that the students’ evaluation would have
to be weighted if it is to be used as part of a grading
scheme. In addition there is no correlation between
how students perform across subjects at the end of
the previous academic year and their final grade in
the PBL course. In general, students performed
better in the PBL course. The students perceived
an increase in knowledge in the key subject areas
and topics that were part of the course objectives,
showing that they are aware of acquiring and
increasing their knowledge, and that they study
topics that help them solve the problem. This
underlines the importance of the choice of problem
in focusing the self-learning process. It also em-
phasises the importance of the facilitator in guid-
ing the learners, so that they avoid pitfalls that
absorb time with very little return.

how students rate their own perceived learning
outcomes. A future study might investigate if this
form of self-assessment would work if the students
knew it was part of a graded assessment strategy.
We have also shown that students perceive an
increase in their software engineering knowledge
following a small-group Problem-based learning
project. However, we are concerned about
students’ initial low perception of their own know-
ledge. What are the reasons for students having a
low perception of their own knowledge? It may be
that facilitators need to give a higher level of
continuous feedback to students or it may be
because students are not fully aware of their
learning objectives. In the meantime we have
shown that students perceive an increase in their
software engineering knowledge following a
small-group Problem-based learning project.
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