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1. INTRODUCTION

WHETHER FROM THE HUMAN OR
MACHINE LEARNING RESEARCH perspec-
tives, the method of learning realized by any entity
can simply be studied in two broad categories:
active learning and passive learning. From the
mathematical point of view, active learning is the
problem of optimally designing the location of
training input points in supervised learning scenar-
ios [1]. From the machine learning viewpoint,
active learning involves sequential sampling proce-
dures that use information gleaned from previous
samples in order to focus the sampling and accel-
erate the learning process relative to passive learn-
ing [2]. Clearly, although we can set up analogies
between designing learning environments to
educate people better and designing a successful
machine (or agent) that aims to achieve its design
goals in some complex environment, the distinct
input of a human instructor or a machine designer
are required. In fact, there are many different
intelligent machine design approaches in which
the active machine learning process models that
of those already inspired by human behaviour or
nature and uses them as suitable metaphors for
high quality adaptive design solutions [3]. On the

other hand, the sophistication of behaviour shown
by a student during his or her learning process
cannot be comparable to that exhibited by a
machine.
In order to illustrate the difficulty in managing

the human learning process, suppose that in some
scenario, instructors at a college or university are
responsible only for presenting ideas and informa-
tion to the students and it is the student’s respon-
sibility to learn. Students are often conditioned by
different types of sources of data and information
(i.e. magazines, television and movies) to be passive
learners, and therefore they expect to be entertained
by their textbooks and instructors. The only
instructors to which these students pay attention
are those who catch their attention just as profes-
sional entertainers do. Consider, on the other hand,
developing an attitude that the student is going to
become (or be made) an active learner. Being an
active learner, a student should be determined to
learn everything from each of his or her teachers
and textbooks. Sancho-Thomas et al. [4] have
found that traditional courses appear not to
succeed in helping students to acquire the required
skills. Most of the traditional courses focus mainly
on teaching technical content and they are usually
organized according to teacher-centred
approaches, where the teacher plays the role of
information dispenser while the students act as* Accepted 5 July 2010.
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passive receptors. Just listening to instructors and
taking notes is not an adequate method and
currently many teachers are increasingly demand-
ing that their students work in group assignments or
projects. An active strategy, on the other hand, can
enable students to achieve academic success.
According to McManus [5], active learning is one
in which ‘The instructor strives to create a learning
environment in which the student can learn to
restructure the new information and their prior
knowledge into new knowledge about the content
and to practice using it’, however, in passive learn-
ing ‘Students are assumed to enter the course with
minds like empty vessels or sponges to be filled with
knowledge’. From this perspective, the senior
graduation project (SGP) courses provide such a
useful basis that can suitably be structured to create
active learning environments, where the students
can learn from each other and restructure their
acquired and a priori knowledge via product devel-
opment practices. When it is well designed, the SGP
course provides a good framework for active learn-
ing that is considered to be one of the best learning
methods [6, 7]. In fact, project-based learning (PBL)
by itself is known to be one of the basic settings for
suitable university course teaching [8–11]. Project-
led education is a successful way of improving the
motivation and progression rate of students
through a given academic programme and is
being adopted in many European countries [12].
In order to accomplish their future engineering
missions efficiently in professional situations, emer-
ging engineers need to rely not only on awhole body
of scientific and technical knowledge, but also on a
wide set of individual and group skills [13]. Further-
more, by taking both cognitive and affective learn-
ing into consideration, one can establish a PBL
model to create an active learning context and to
provide an opportunity for the development of
collaboration, communication, co-operation and
management of the learners [14].
In any project, teams are the basis for the

organization of development because the increas-
ing complexity of projects has made this unachie-
vable by individuals. Development teams
commonly distribute the work between their
members by following well-defined structures of
interdependent responsibilities, with typical roles
such as designers, testers, architects and project
managers [15, 16]. While at university, computing
curriculum undergraduates should be prepared for
teamwork. This can be achieved by taking either a
capstone [17] or a focused core [18] software
development course. As an alternative, student
development groups can be established to work
on real projects [19]. Senior graduation projects are
known to provide students with an opportunity to
learn about working in groups and applying theory
to practice [20]. As a consequence, SGP course can
be designed as a capstone course in which inter-
action and working as a team are facilitated in an
active learning environment.
In this paper, we propose an SGP course

designed for a typical computing curriculum in
which an active learning environment establish-
ment is the main concern. The course can be
implemented as part of the curriculum of any
computing related university undergraduate
department including computer science, computer
engineering, information systems, information
technology and software engineering. Note that
for each of these five disciplines, software produc-
tion through, for example, efficient algorithm
design and development, embedded system devel-
opment or component integration can be the main
concern of their SGP course implementation [21].
In practice, the designed course has been imple-
mented and executed as a two-semester must-
course in the curricula of the Computer Engineer-
ing and Software Engineering departments of
Atilim University, Ankara, Turkey. Based on our
experience gained over the last three years, the
course satisfaction of the students has been
observed to increase as indicated by their responses
to the prepared questionnaire. Also, based on the
evaluations and critiques performed by an
unbiased group of academicians, we conclude
that the realized products are high quality when
compared with typical student products developed
in a passive learning mode.
Our study differs from previous studies in a

number of aspects:

1. This paper focuses on developing an active
learning environment for SGP courses in com-
puting curricula. The main discussion is not the
active learning, but its effective implementa-
tion in a specific discipline. Therefore, this
study is different from the studies [2, 6–10,
22, 23] that focus on different active learning
issues.

2. There are some studies that discuss SGP course
implementation for different disciplines [24,
25]. However, it is impossible to implement
the same techniques in computing-related
departments. Although it is possible to benefit
from those studies, a new design is needed for
computing disciplines.

3. There are also a few studies [17, 20, 26] related
to SGP course (or project course) implementa-
tion of computing disciplines. However, this
study proposes a different approach to
improve the interaction between supervisors
and students, team-working performance,
grading fairness, and the preparation of stu-
dents for professional life. To the best of our
knowledge, there is no such study that has fully
implemented the same techniques for SGP
courses for the computing curricula.

2. MOTIVATION AND REQUIREMENTS

Looking at modern engineering education, the
required skills base is no longer just technological;
it now includes a demand for the graduate to be
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proficient in open-ended problem-solving and
applications [27]. SGP courses are known to be
important components of any computing curricula
because of the expected role-/team-based student
activities and the need to handle relatively large
scale open-ended computing problems that are
different from other small-sized regular course
projects. In many universities, the SGP course is
one of the last and best chances for students to
prepare themselves for professional life. The entire
course is a project in which various topics learned
from other courses or learned during the course
itself are practised via student-level projects. Based
on our experience of previous SGP course imple-
mentations, we identified the following require-
ments that constitute the basis for the motivation
behind the establishment of an efficient active
learning environment for the course:

2.1 Two-way Communication
Two-way communication is already known to

be a critical component of any active learning
process. According to Modell and Michael [28],
in an active learning process, faculty become
facilitators of learning and students become
active participants, engaging in a dialogue with
their colleagues and the instructor. In a typical
SGP course, the interaction between supervisor
and students is high at the beginning of semester,
but slows down after several weeks and starts to
increase towards the end of the semester. This
interaction should be kept high during the whole
semester in order to establish an efficient active
learning environment.

2.2 Higher Student Involvement
One of the basic problems with attaining project

success was related to the establishment of sustain-
able team performance throughout the project.
Team performance degradation is thought to be
due to decreased individual student involvement
during a project’s lifetime. Generally, some
students lead in projects and the others give
marginal support, but they all get the same
grade. Therefore, we need to develop methods to
increase individual student involvement to the
projects.

2.3 Mentoring
For most student projects, it is observed that

development tools (or platforms) are necessary for
high quality product development. However,
students may not have a basic knowledge of such
tools or platforms. Mentoring, on the other hand,
is known to be a necessary component for setting
active learning environments. It is necessary to
guide students and give some technical informa-
tion. However, this help should not be directly
related to the solution of the given problem. It is
the students’ project team that will develop a
solution for the given problem. We need to take
great care to avoid the mentoring effort be turned
into a typical passive instruction, since active

learners are expected to strive energetically to
take greater responsibility for their own learning
[30].

2.4 Becoming a Professional
Students generally do not have a clear idea

about the professional life that they will soon
encounter. In general, they can only guess the
expectations of industry based on a model that
they have constructed throughout their university
education. So, ‘turning students into apprentices
on the way to becoming professional (or collea-
gues) [5]’ should be one of the main aims of the
SGP course design.

2.5 More Cooperation
Lack of cooperation between team members

throughout a project has been observed to be one
of the main reasons behind failure. ‘Collaboration
with other students to discover and construct a
framework of knowledge that can be applied to
new situations’ constitutes an example expectation
from students in an active learning environment
[5]. We know that active learning course settings
affect the development of team competence at the
individual level [31].

2.6 Grading Fairness
One of the important complaints from students

is the unfairness of grading in a typical SGP
course. Because many individual faculty members
give projects to the students and different instruc-
tor groups evaluate the results. Students’ teams
work on different projects and different juries
assess the results. It is impossible to establish a
fair grading system in such an environment. There-
fore, the grading system needs to be improved.

3. COURSE STRUCTURE AND PROCESS

The SGP course is aimed at including as many
professional project activities as possible while
adopting the steps of typical engineering product
development life-cycle. The course process model
is given in Fig. 1. The course starts with team
formation and project assignments. Students work
on a project throughout the whole year (two
semesters) to develop a software product. Product
development is achieved according to known
development methodologies. Students produce
reports consistent with real-world projects and
make presentations and demos during the devel-
opment process. At the end of the year, they
present their final product. They are assessed by
internal project supervisors, who take into account
their reports, presentations, demos and the final
product. In addition, their projects are cross-eval-
uated by examiners from university and industry at
the end of the year, which is shown as external
grading.
During the execution of the SGP course, a

project-based active learning model is adopted.

H. Kilic et al.1474



In this way, student learning is organized around
problems and carried out in projects. A different
problem is assigned to each project team and they
are supposed to solve it by developing a
programme that applies a software development
process model. The problem provides the starting
point for the project development process, places
learning in a context, and bases learning on the
learner’s experience. Learning is also project-based
in such a way that students have to work on a
unique task involving complex and situated prob-
lem analyses and problem-solving strategies.
The adoption of role-based development

throughout the SGP course contributes to the
students’ professional attitude development. The
roles may include user/customer, project manager,
system architect, developer, tester, quality
manager and configuration manager. The students
can play more than one role simultaneously.
In the SGP course there are two presentations

made at the end of each semester. In presentations,
students are expected to introduce and give infor-
mation about their project content and its current
status. Getting feedback from other students and
supervisors is an important part of the presenta-
tions. We recommend that the presentations be
completed in a block of three or four days made
one week before the end of semester examinations.
Each team deploys a website for their projects.

The minimum published material requirements for
project websites are: project documentation,
content of presentations and prototypes. Other
than these, groups can either deploy their applica-
tions directly into their website or an installable
version of their products can be uploaded.
Furthermore, information about group members
and the application domain of the project can be
useful. The students should consider the SGP
course project websites to be good references that
can be useful in professional job applications after
graduation.
Project documentation is known to be an impor-

tant project component since it contributes to
project memory and establishes a common view
for involved shareholders. It also forms a basis for
a standard and fair evaluation and grading of the
project outputs. Supervisors can partly monitor

project development by examining versions of
Software Project Management Plan (SPMP), Soft-
ware Requirement Specification (SRS), Software
Design Document (SDD) and Software Test
Document (STD). These four living documents
are required to be updated by students and
published on the student project website for super-
visors’ evaluations. In the SGP course implementa-
tion, we adopted a documentation firmly based on
IEEE standards [32–36]. The standards provide
guidance for both the required format and content
of documentation deliverables. They also consti-
tute a framework for the evaluation of the projects
based on deliverables. Since the documents are
living documents, their grading needs to be done
incrementally rather than once by the end of each
semester. The document evaluation period is
announced at the beginning of the semester. At
each evaluation the latest versions of whole docu-
mentation are considered.
Five or six weeks of the first semester class hours

are reserved for providing technological brush-up
sessions for the students. An assistant is assigned
and he or she is expected to guide the students
throughout the sessions. The course assistant is
also responsible from the establishment of IT
related infrastructure setup for the course includ-
ing making software installations, administrating
and backing up for the course website and course
laboratory environment.
Course design requires a prototype development

and its presentation by the end of the first seme-
ster. The prototype improves the communication
between students and their supervisor. Depending
on the project, the prototypes can evolve into fully-
featured products. However, the main expectation
from prototyping is to motivate the students in
implementation and coding by means of Graphical
User Interface (GUI) development, if applicable.
The prototypes are demonstrated at the end of first
semester project presentations. In their grading,
the coverage of the user requirements defined in
SRS shown through user interface, rather than the
implemented functionalities, is the main concern.
Intermediate product code reviews and the code

review for the final product support commun-
ications between students and the instructor.

Fig. 1. Course process model.
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They are also useful for fair grading and better
evaluation of both individual and team perfor-
mances. Although the product quality is an impor-
tant concern in code reviews, the main focus is on
the measurement of students’ performances. For
this purpose, we developed a form for student
coding/testing effort evaluation. During product
code reviews, we look at: the timely appearance of
product demonstration; whether the team is able to
set up the product review environment or not; the
amount user requirements that are satisfied; the
development and/or testing of the maturity level
and success of individual students in product
modification tasks. Note that a student can play
simultaneously more than one role (e.g. developer
and tester).
For promoting competition between project

teams, the best product contest is organized at
the end of the second semester. Any volunteer
team with its finalized product can join the contest.
The products are evaluated against some prede-
fined and announced criteria. The evaluation of
the candidate products is made by an unbiased
group formed of senior industry experts and
academicians who do not have any direct involve-
ment in the execution of the SGP course. Their
evaluations are considered only in the context of
the best product contest at which teams present
and demonstrate their product to the jury.

The promotion of teamwork and evaluating
team performances is an important aspect of the
course. Therefore, an award for best teamwork is
announced, to encourage the teams to perform
better, in addition to best product awards. For
this award, each supervisor can decide on the best
teamwork performance shown in the groups that
he/she supervised throughout the academic year.
Notice that the main focus in the selection of best
teamwork is the teamwork quality rather than the
product quality and/or possible technical achieve-
ment(s). The evaluation criteria for this award may
include the team synchronization and harmony
shown throughout the year, the individual success
of members in achieving tasks and in role playing,
the management of the degree of project load
balancing between team members, the successful
completion rate of the project in terms of user
requirements, and the problem solving capability
of teams.

4. COURSE MANAGEMENT

The participants in the SGP course are depicted
in Fig. 2. The lines between the actors show the
existence of two-way interaction. The supervision
of the SGP course needs a well organized super-
vision team comprising three or four instructors,

Fig. 2. SGP course actors.

Course Assistant
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depending on the number of student teams. One of
the supervisors is elected as head of the supervision
team. The team head is the coordinator of any
activity related to the course. The goal of such a
supervision team is to facilitate the unity, synchro-
nization, timeliness and to establish fairness in
supervision, assessment and evaluation through-
out the course. Notice that the cooperation,
synchronization and harmony of the supervision
team are expected to result in a good professional
team model for the students as well. It needs
special consideration and care from pedagogical
perspectives.
After its establishment, the supervision team

starts a course execution process realized via pack-
aged tasks. The tasks to be done before official
kick-off of the student projects include the follow-
ing.

. Construction of official course website: It is an
important official medium of communication
between students and their supervisors.

. Deciding on milestones and deadlines of the
course and preparing a course execution schedule:
The milestones and deadlines are the critical part
of the course execution. Their official announce-
ment is especially important to set up synchro-
nization between members of the project and
supervision team.

. Developing a team/individual performance assess-
ment policy and setting up/announcing a detailed
course grading criteria.

. Deciding on project topics and their short contents
in the form of an initial project contract: The
project topics can either be announced by super-
visors or proposed by students. The proposals
are nothing but a description of initial/rough
user requirements.

. Matching project topics to the student formed
project teams: Fairness and transparency in
matching the topics (projects offered by super-
visors) to the project teams is very critical. For
this reason, the procedure for the matching
purpose should be defined clearly as early as
the first official course class hour.

The project topic and its initial content described
in the Senior Project Proposal Document are the
basis for the later user requirements specification
document. The form includes the title of the
project; a short user requirement description,
keywords and subjects describing the project,
tools, methods and techniques that are expected
to be used throughout the project, and the output
of the project. If it is proposed by a supervisor, the
prerequisite courses to be taken (if any) should be
indicated. Otherwise, if it is proposed by a student
team, the names of the project team members and
a paragraph justifying the proposal should also be
written in the form. The proposed projects can be
small-sized industrial projects or a part of a large
industrial project. It is the supervision team’s
responsibility to determine and to announce suffi-
cient project topics for the student teams who do

not have their own project proposal. The projects
proposed by students are evaluated by the super-
vising team. The proposed project can either be
accepted as is, sent back with some recommenda-
tions for modification or directly rejected with the
reason for rejection. If rejected, the team may
select one of the projects proposed by the super-
visors.
The main tasks to be performed by project team

members after official kick-off include the follow-
ing.

. Preparation of Software Project Management
Plan (SPMP)

. Preparation of Software Requirement Specifica-
tion (SRS) Document

. Preparation of Software Design Document
(SDD)

. Preparation of Software Test Document (STD)

. Prototype development and demonstration

. Project presentation (at end of both semesters)

. Implementation (code writing)

. Testing

. Product presentation and demonstration (at the
end of second semester).

Face to face communication between supervision
team and student project teams is important.
Throughout the course, interactions between
students and supervisors occur in three different
forms:

1. Getting together during regular weekly class
hours

2. Students have an open door policy with
instructors concerning any matter

3. Communicating via project websites/e-mailing.

For example, when project teams load their docu-
ments onto their website, supervisors can see and
download the documents, and evaluate them and
give the necessary feedback to improve them. Two
class hours per week are allocated for student–
supervisor interactions. During class hours,
students are informed about course requirements
(e.g. things to be considered in project team forma-
tion, preparation of project documentation,
announcements about upcoming activities and
deadlines, feedbacks from evaluations). Class
hours are also used to answer questions from the
students that have arisen during project steps. The
course assistant helps the supervisors to manage
the course. His/her main responsibility is mentor-
ing technological skill-brushing sessions. Note that
supervisors and course assistants are neither prob-
lem-solvers nor cooperative partners of the student
teams. Supervisors are expected to play the user/
customer role, give necessary educational feedback
and to make their assessments/evaluations through
grading. Critical project decisions, for example,
methodology/method selection, finalizing the
system architecture, deciding on the tools to be
used, and project role assignments are all expected
to be initiated by the students themselves.
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5. EVALUATION AND GRADING

The supervision team is the main responsible
authority for both individual and team perfor-
mance evaluations made throughout two consecu-
tive semesters. Evaluation of the first semester is
mainly based on the evaluation of documents,
prototype and presentation. The documents
(SPMP, SRS, SDD and STD) include the outputs
of the project management, requirement analysis,
system design and test planning activities. A proto-
type development is also included to help project
teams identify their missing requirements and
design mistakes. Project website quality and class
attendance are two other assessment criteria.
Details of the first semester grading are given in
Table 1. The third column shows evaluation type
either as team or individual, since some parameters
are appropriate for team-wide evaluation and
some are more appropriate for individual evalua-
tion. Some parameters are evaluated only by the
supervisor while some others are evaluated by the
supervision team as shown in the last column of
the table.
In Table 1, the first four rows represent the

project documents delivered consecutively on
different dates during the semester. After each
document delivery, supervisors evaluate the
submitted document and grade. In addition, super-
visors indicate the mistakes or missing parts of the
documents and give them to students as feedback.
Students are expected to go on improving their
documents until a given date. The second evalua-
tions are shown on the 5–7 rows of Table 1. Since
STD is delivered only at the end of the semester
there is no second evaluation for this document.
Presentation of the project, including the proto-
type, is done at the end of the semester and it is
graded immediately by the supervisors. Each team
member has to explain his/her role in the presenta-
tion actively. Prototypes are allowed to be either
screen designs or draft screens of the potential

product obtained using any programming tool.
After the presentations, a question–answer period
is given to the students for asking questions related
to the presented project and they can get bonus
points depending on the validity of the questions.
The aim of this grading is to increase student
involvement and to motivate them to focus on
the presentations. The supervisor bonus is
awarded by each supervisor to distinguish the
students who have made high contributions and
it constitutes a subjective part of the grading.
The assessment of the second semester is

completely different from that of the first, because
the main activities of the second semester are code
writing and testing. Therefore, the evaluation of
the student projects focuses on these activities and
the product. The evaluation criteria for the second
semester are given in Table 2. The first three
grading, i.e., code reviews, is done in the last
week of every four-week period. In this way,
supervisors are able to follow the developments
on the projects.
At the end of the second semester, teams make a

presentation and a technical demo for their
completed project. The expectation is that all the
user requirements are satisfied and a fully func-
tional software program is developed and tested.
For the technical demo, the contribution of each
student is evaluated similarly to the code review
assessment. Presentation of the project contains
not only second semester activities, but also the
first. Another assessment criterion is the product
and document compatibility. The assessment must
be done according to the documents prepared
during first semester. There may be some changes
in the user requirements or in the design. In such
cases, the project teams have to update their
documents and submit them before the technical
demo. After the technical demo, supervisors eval-
uate compatibility of the documents with the
product. The quality of the product is another
parameter for evaluation. Although all of the

Table 1. First semester assessment

Evaluation parameters Percentage to the whole grading (%) Evaluation type
(Team / Individual)

Evaluator

SPMP (1st evaluation) 10 Team Supervisor
SRS (1st evaluation) 10 Team Supervisor
SDD (1st evaluation) 15 Team Supervisor
STD (1st evaluation) 10 Team Supervisor
SPMP (2nd evaluation) 5 Team Supervisor
SRS (2nd evaluation) 5 Team Supervisor
SDD (2nd evaluation) 5 Team Supervisor
Prototype 15 Team Supervision team
Presentation 15 Team Supervision team
Project website 5 Team Supervisor
Attendance 5 Individual Coordinator
Questions asked during
presentations
(bonus)

For each question:
Good: 0.50 pt
Moderate: 0.25 pt
Unnecessary: 0.00 pt

Individual Supervision team

Supervisor bonus 4 pt Individual Supervisor

Total 100 +
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user requirements are satisfied, the quality of the
product may still be poor. For example, it may not
be user-friendly, efficient, appealing, etc. Atten-
dance taken from class activities, seminars and
final presentations is converted to a score out of
5. A supervisor bonus is given similar to the first
semester.

6. DISCUSSIONS

The proposed approach enhances active learn-
ing by giving more responsibility to the students
about their learning, working in a well-formed
team, writing reports, implementing and testing a
part of a project, presenting and demonstrating
their work in the project. Here, giving more
responsibility implies that supervisors are not
directly involved in the project developments of
the student teams. Instead, they act like customers
for the product and provide user requirements to
the students. SRS documents are accepted as a
contract between customer (i.e. supervisors) and
developers (i.e. students). During the execution of
the course, although some advice about the
projects is given by supervisors, the final decision
is always made by the project team. In order to
assess the proposed model, it is best to look at how
the requirements given in Section 2 were satisfied.
The requirements and the related actions are
summarized briefly below:

6.1 Two-way Communication
In our design, in order to produce better

products, user/customer roles are taken by instruc-
tors, which resulted in the requirement of increas-
ing two-way communication/interaction between
them and their supervisors. One step further, in
our SGP course design the user/customer role is
also played by true end-users or by professionals
from an industry for some projects. (This was
optional for students.) Life-cycle driven develop-
ment which forces students to work continuously
has a positive effect in increasing the interaction

between supervisors and students. Organizing
weekly class hours, submitting reports and giving
prompt feedback, and making presentations and
demos are other methods of keeping the two-way
communication level high. In addition, the estab-
lished two-way communication environment is
also supported by seminars given by experts from
industry to facilitate the interaction between
students and professionals.

6.2 Higher Student Involvement
In order to provide higher student involvement

in the projects, we wanted the students to practice
one process model strictly from the beginning to
the end of the project. This was the critical
motivating factor behind the product life-cycle
driven development requirement for the student
projects. This leads to higher student involvement
because of the more systematic documentation
required by the selected development methodol-
ogy. Note that the approach also contributes to the
students becoming professionals. As a conse-
quence of this solution, student knowledge is
directly experienced, constructed, acted upon,
tested and revised by the students themselves [29].

6.3 Mentoring
In the proposed implementation, the supervisors

guide the student teams when they require help. In
addition, technological skill-brushing sessions
mentored by a course assistant in a lab environ-
ment is another support given to the students.
However, supervisors and course assistants never
become members of the project teams. They do not
intervene in the solutions of the problems.

6.4 Becoming a Professional
Our related action to satisfy this requirement is

to enforce students to adopt a role-based project
development approach that contributes to early
career shaping for the students. Playing roles such
as system architect, developer and tester and
taking related responsibilities are thought to be
the first step in becoming a true professional. In

Table 2. Second semester assessment

Evaluation parameters Percentage to the whole grading (%) Evaluation type
(Team / Individual)

Evaluator

Code review
(1st evaluation)

15 Individual Supervisor

Code review
(2nd evaluation)

15 Individual Supervisor

Code review
(3rd evaluation)

15 Individual Supervisor

Presentation 10 Team Supervision team
Technical demo. 20 Individual Supervisor
Compatibility between
documents and product

10 Team Supervisor

Quality of the product 10 Team Supervisor
Attendance 5 Individual Coordinator
Supervisor bonus 4 Individual Supervisor

Total 100
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addition, in some projects the customer role is
played by real customers or by experts from the
industry. This decision also contributes to the
development of the students’ professional perspec-
tive. As a consequence, he/she becomes an adap-
tive self-learner in a semi-professional project
development environment. Note that good profes-
sionals are adaptive self-learners. The seminars
given by professionals are orientation programmes
to prepare students for professional life.

6.5 More Cooperation
In our proposal, we tried to motivate teamwork

by applying a role-based approach and assessing
the contributions of team members individually.
With the role-based approach each student has
specific tasks to achieve in the project. In the
grading, some individual assessments are done to
evaluate the individual contributions of team
members. If the role-based approach is not
applied, some students may lead the project and
others can obtain the same grade by standing by.
Note that we also evaluate team performance
independently of individual performances. In this
way, students cooperate in favour of their teams
for their relative performance compared with the
other teams, indirectly. In addition, in order to
promote the cooperation between team members,
we set up a best product contest between teams
and observed some positive effects of inter-team
competence over intra-team cooperation.

6.6 Grading Fairness
When there are too many supervisors involving

to the SGP course, it is difficult to obtain a fair
grading. In this approach, since the course is
managed by a limited number of instructors, it is
easier to coordinate the grading policies. Some of
the activities of all the teams are already evaluated
by the same supervisor team, which provides a
fairer grading.
In order to assess our proposal further, we can

also compare our proposal with well known
studies in the literature. For example, the seven
principles proposed by Chickering and Gamson
[37] can be used for this purpose. Here, we
comment on whether our proposal is compatible
with each of the good practice principles. Note that
the first principle is already about ‘encouraging
active learning’, which is the main goal of our
work. The next two items namely, ‘encouraging
student-faculty contact’ and ‘encouraging coopera-
tion among students’ are also directly compatible
with our main requirements. The last four prin-
ciples, on the other hand (Giving prompt feedback,
Emphasizing time on task, Communicating high
expectations, Respecting diverse talents and ways
of learning), are not primarily/directly related to
the basic requirements of the proposed model.
However, the implementation mainly covers these
principles. In our approach, giving feedback
becomes a continuous effort throughout the
whole year. In the first semester, the submitted

student reports are evaluated and timely feedback
is given for improving them. In the second seme-
ster, code reviews are performed to assess the
progress of the students and on time feedback is
given to improve the quality of their implementa-
tions. In regular class hours, feedback related to
general mistakes or missing points is provided. In
our approach, a schedule including all the activities
and due dates is declared at the beginning of each
semester. Students must strictly obey the declared
schedule. On late delivery of the reports, the given
grade is reduced proportionally to the delay, which
is a kind of penalty for inefficient time usage.
During execution of the course, we tried to

motivate students by increasing their self confi-
dence. Since they work in teams, some well moti-
vated students lead the others to perform better. A
competitive environment is also created between
teams by organizing a best product contest. The
organized seminars that are given by experts from
industry had the positive effect of increasing the
motivation of the students. Finally, students need
the opportunity to show their talents and learn in
ways that work for them. The SGP course provides
students with a different way to learn and develop
themselves for real life. Many students with low
CGPA perform better in this course, because they
want to show their talents and achieve high perfor-
mance. A role-based approach gives students an
opportunity to show their talents in different
project tasks.
In our discussion, we also need to consider the

feedback from the students about the course.
Although the proposed approach places a heavy
burden on both instructors and students, perfor-
mance and course satisfaction have been observed
to increase based on students’ responses to a
prepared questionnaire. At the end of each seme-
ster, students fill out a course evaluation form that
included 19 different evaluation criteria. Each
criterion is evaluated on a scale of between 1 and
5, where 1 shows the lowest satisfaction level while
5 represents the highest satisfaction level. The last
criterion in the evaluation form is the ‘overall
satisfaction level’. Figure 3 compares the students’
overall satisfaction level of the SGP course with
the overall satisfaction level of the same year. As
seen in the figure, at level 4 and 5, which represents
the two highest levels, students are more satisfied
than the average satisfaction level of the depart-
ments. The percentage of the students at level 5 is
54% of the students enrolled to the SGP course.
Another important indicator that shows student
satisfaction is the number of complaints raised to
the management of the department. Although
there were at least several complaints about differ-
ent issues related to the SGP course in previous
years, this implementation cleared all the
complaints and management did not receive any
complaints after implementation of the proposed
approach.
Furthermore, in order to assess and work out

the product and project qualities of the classical
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passive and the proposed active learning based
SGP approaches, we prepared and applied a ques-
tionnaire to an unbiased group of academicians
from Computer Engineering, Software Engineer-
ing and Information Systems Engineering depart-
ments of the Atilim University. All the group
members had experience of both classical and the
new SGP course settings. We asked five questions
of a typical student product, measuring:

1. the potential market/industry value;
2. the degree of completeness;
3. being well-documented;
4. the required ‘supervision effort’;
5. the frequency of supervisor–student team

interactions throughout the projects.

Also, they were asked to write down the observed
advantages and disadvantages of the new proposal.
Figure 4 depicts the answers for each question.

Based on the calculated results, we can say that the
proposed active learning set-up leads to student
products having ‘higher market value’, being
‘much more complete’ and ‘better documented’.
Also, it enables more ‘supervisor’/’student team’
interactions. However, the required supervision
effort is higher than in the classical set-up. The

responses to the advantages and disadvantages of
the proposal are given in Table 3.
The indicated advantages are clear. However, it

is also clear that the new SGP set-up is much more
bureaucratic than the old one. This may cause real
trouble, especially through the end of semesters.
Another problem is to find dedicated supervision
staff to execute the set-up. If the number of
academic staff in the supervision team is small,
the competition between project teams (and indir-
ectly between supervisors) is lowered. The last
disadvantage is due to the inherent difference (or
incompatibility) between scientific research meth-
odology and computing system design and devel-
opment methodology. In the new set-up, those
students that had greater theoretical involvement
and focus cannot develop and show their academic
capabilities via the SGP course. We believe that
any SGP course set-up should include this perspec-
tive and we are planning to make the necessary
changes and arrangements in the SGP course set-
up in the following semesters.
In spite of the difficulties pointed out by the

unbiased group of academicians, the SGP proposal
provides a smooth transition from student to
professional life. The contribution of the proposal

Fig. 3. Student overall satisfaction level.

Fig. 4. Unbiased academician group evaluation results for classical passive and proposed active learning settings.
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to the students’ self-development is much more
valuable and greater than in the old SGP course
management.

6. CONCLUSIONS

The focus of engineering education should be on
solving the increasingly complex problems of
rapidly evolving contexts (e.g. human resources,
quality requirements, standards, time and cost
constraints). As a consequence, the establishment
of active learning in the SGP course environment
for computing curricula becomes a necessity. We
have presented an approach to effectively manage
an SGP course in any computing curricula via
active learning experience. It is observed that the
implementation of the proposed approach
increases student course satisfaction level, while
higher quality student projects are achieved.

Furthermore, an assessment made by an unbiased
group of academicians of the product and project
qualities of the experienced classical passive and
the proposed active learning based SGP
approaches showed that both qualities are higher
in the proposed SGP set-up. Note that the project,
which was selected as the best product in the
contest in 2007–2008 academic year was awarded
$70 000 support from the government to convert it
to a commercial product. Also, one of the student
projects successfully reached the finals of the
Microsoft Imagine Cup 2008 University Software
Project Competition in Turkey. It is clear that the
unit of success of the student can not be CGPA or
USD but it is his/her contribution to the charity,
welfare and peace of the world via his/her later
developed processes and products.
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22. J. Marcos-Acevedo, S. Pérez-López, J. Sánchez-Real, R. Alvarez-Santos and M. Suárez Alvarez,
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