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The Declaration of Bologna proclaims to change both the academic organization and the way of teaching that are currently
implemented in European Higher Education. With regard to teaching methods, an instructional strategy focused on
lecturers’ teaching is being replaced by methodologies focused on students’ learning. However, the application of a
student-centered instructional strategy, known as ‘active learning’, is a formidable task, requiring a great deal of effort
from all those involved, plus a suitable instructional process and a set of specific instructional activities. This paper shows
the pilot case study of an introductory programming course of the degree in Computer Engineering based on an active
learning strategy. Such a pilot case study was carried out to analyze the outcomes of applying the Bologna principles and,
based upon those outcomes, to identify the needs and distinctiveness of the Declaration as well as the methodological
changes required to implement such principles. During a whole semester, learners followed a continuous assessment
process and a student centered instructional strategy that involved an extra effort from both students and teachers. The
results show learners benefited from the experience but the system is not entirely prepared to support the new instructional
process and several adaptations should be made. Throughout this paper, in addition to the explanation of the pilot study, a
set of recommendations, instructional principles, educational tools, and methodological directions will be outlined in order
to provide a discussion framework that stimulates and focuses the debate on the application of the Bologna principles to

the learning programming activity.
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1. Introduction

Historically, higher education has provided people
with the knowledge to fulfill their role as future
social leaders. However, it is increasingly recog-
nized that traditional educational models are not
sufficient to meet the needs of the new social reality
[1]. Because of this situation, higher education
institutions are involved in a process of continuous
improvement aimed at experimenting with innova-
tive learning methods that allow students not only
to acquire knowledge but also to develop appro-
priate skills and abilities. Responding to this trend,
the European Union (EU) has accomplished a set of
agreements—such as ‘The Declaration of Sorbona’
[2], ‘“The Declaration of Bolonia’ [3], ‘The European
Council of Lisboa’ [4], and ‘The Declaration of
Berlin’ [S|—whose objective is to build a European
Higher Educational Area (EHEA) for our society to
become a more competitive and dynamic economic
area [6]. Such a challenge demands both a new
academic organization and new instructional ap-
proaches to teach and train in the life-long learning
frame [4, 7].

The EHEA context will facilitate the mobility of

scholars, graduates and higher educational staff as
well as prepare students for their future careers and
life-long learning [3]. One of the main priorities of
the Bologna Process is to develop a credit system,
called European Credit Transfer and Accumulation
System (ECTS), which can be used for the purpose
of transfer and recognition. ECTS is a student-
centered system based on the principle that sixty
credits measure the workload of a fulltime student
over one academic year [8]. Furthermore, the very
spirit of the Bologna Declaration [3] inspires con-
tinuous lecturing and outcome monitoring evalua-
tion. This means that traditional lecturing will be
transformed in such a way as to require students to
study independently. This modification will give rise
to several tier adaptations referring to syllabus and
curriculum. The Bologna process is a far-reaching
reform with many implications and a considerable
impact on our society. With the purpose of identify-
ing organizational constraints, methodological lim-
itations and implementation missteps of the
Bologna Process, different workshops, seminars
[10], official reviews [10, 11, 12] and case studies
have been carried out. A pilot study applying Bo-
logna principles to the first academic year of the
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degree in Computer Engineering at Carlos III Uni-
versity of Madrid was performed.

The pilot study includes a total of nine subjects
from the fields of Physics, Mathematics, Computer
Architecture and Software Engineering. In this
paper, we focus on an introductory programming
course taught in the first semester of the degree in
Computer Engineering. Our experience in such a
course has revealed both positive and negative
issues. On the one hand, the results of the course
have been improved if compared to those achieved
in previous years. On the other hand, the dedication
of teachers as well as the amount of instructional
resources needs to be increased in order to achieve
these goals. In addition, a set of lessons related to the
way of both implementing the Bologna principles
and applying a student-centered instructional strat-
egy were formulated based on the experience of all
key players. The rest of the paper is organized as
follows. Section 2 introduces the pilot study, its
features, conditions and pedagogical principles.
The section describes both the design and conduct-
ing phases of the pilot study, focusing on the
instructional principles that addressed the design
of our course. Section 3 explains the most relevant
outcomes of the pilot study. In accordance with the
objectives of the pilot study, three main issues will be
analyzed: academic results, opinions of participants
and the human resources needed to apply the Bo-
logna principles. The results of the course will be
compared with similar courses and experiences in
order to identify pros and cons of our instructional
methodology. Finally, conclusions are drawn in the
last section. Such conclusions show a set of facets or
characteristics that should be considered when ap-
plying a suitable student-centered instructional
strategy.

2. Description of the pilot study

The Carlos IIT University of Madrid has been the
first Spanish University to adapt all of its bachelor
degrees to the EHEA principles. With the purpose
of identifying educational limitations and testing
different instructional methodologies, the Carlos I1I
University of Madrid performed a pilot experiment
previously to the definition of new curriculums.
Such a pilot case study was carried out in the first
year of the degree in Computer Engineering. The
pilot experiment, called Bologna Project, was not
conceived either as a proof of concept or a case-
control study, but as a case study that investigated
an instructional phenomenon within a real educa-
tional context. The following sections describe the
design and conducting phases of this pilot experi-
ment.

2.1 Designing the pilot study

A pilot experiment is a small scale preliminary study
conducted before the performance of the real situa-
tion in order to check the feasibility of such a
situation [13]. Before conducting a pilot experiment,
its circumstances and surroundings should be de-
signed to guarantee the validity and application of
the results. The design deals with three main issues:
(1) the objectives of the pilot experiment; (ii) the
conditions under which the pilot will be performed;
and (iii) the information that should be collected in
order to draw useful conclusions.

2.1.1 Objectives

The Bologna Project was designed by the Carlos I11
University of Madrid before the first new bachelor
was introduced. The pilot experiment was carried
out at an early stage in order to evaluate in advance
non-trivial issues that may make the application of
new syllabus and curriculums unfeasible. With the
purpose of achieving this objective, two main goals
were defined:

e Knowing the reaction of students to the new
learning and teaching methodologies. A stu-
dent-centered methodology represents a break
from traditional strategies so that the response
of students, their opinions and views, should be
collected.

e Assessing the resources needed to start up with
the new bachelor. A way of learning based on
continuous lecturing and evaluation requires a
greater number of teachers as well as specific
instructional resources to monitor students. The
pilot experiment would allow us to estimate these
needs and to compare them with the means
currently available.

In addition, the workload of students should be
anticipated. The elaboration of a preliminary study
in a significant context would allow us to estimate
the amount of work required for a student to
acquire a number of well-known educational objec-
tives in a given period. In order to achieve this
objective, the study of the academic results should
be carried out.

2.1.2 Educational context

A pilot experiment is usually carried out on mem-
bers of the relevant population, but not on those
who will form part of the final situation [14]. In
particular, the Bologna Project of the Carlos III
University of Madrid was performed during the first
year of the degree in Computer Engineering. The
syllabus and schedule of this degree did not exactly
conform to the requirements of the Bologna Process
(for instance, the workload of students was not



16

C. Fernandez et al.

measured in ECTS). However, the total number of
students, their regular profile and the type of sub-
jects involved were particularly appropriate for
applying a student-centered methodology. As a
consequence of that, the first year of the degree in
Computer Engineering was considered to be suita-
ble to carry out the pilot experiment.

A total of nine subjects, divided into two seme-
sters, were selected to conduct the pilot experiment.
The target of our work was an introductory pro-
gramming course given in the first semester of the
academic year. The course lasts fifteen weeks with a
total of five teaching hours per week —including
lessons and laboratory work. The course was taught
by a coordinator and eight teachers, with the help of
another two extra teachers for monitoring tasks.
The course was followed by 141 students, split into
three groups. The majority of the students, approxi-
mately eighty per cent, were taking the subject for
the first time.

2.1.3 Data collected

Finally, once the objectives and the context have
been defined, the design phase should determine the
data to be collected. In our case, five types of data
were considered as relevant:

e Opinion about the course. The opinion of the
students about the development of the course
should be requested. The aim is to know whether
or not the structure, materials and schedule of the
course are suitable to take a programming sub-
ject.

e Opinion about the instructional methodology.
Both instructional activities and assessment tasks
should be evaluated by students in order to
determine their capability to support and encou-
rage self-learning.

e Workload. The amount of time dedicated to the
course by students should be collected. The work-
load of students should correspond to the number
of ECTS credits defined for the introductory
programming course.

e Human resources. With the purpose of estimating
the human resources needed to apply the Bologna
process principles, the amount of time that tea-
chers dedicate to the course should be monitored.

e Academic results. The academic results of parti-
cipantsin the pilot experiment should be analyzed
and compared with previous years in order to
identify the pros and cons of the new instructional
methodology.

Opinions about the structure of the course were
gathered using both anonymous questionnaires and
personal interviews. In the case of workload and
human resources, the estimation of involved parti-

cipants was directly requested by the course coordi-
nator.

2.2 Conducting the pilot study

A pilot study is often used to test the design of the
full-scale experiment; in our case, the design of an
introductory programming course adapted to the
Bologna philosophy. With the purpose of applying
such a philosophy correctly, teachers involved in the
pilot study were trained on how the student-cen-
tered system should be implemented. According to
the instructional experts and pedagogues consulted,
four main concerns should be considered:

e Students learn more effectively through interac-
tive instruction rather than passive traditional
verbal (lecture) instruction.

e The most significant initiative was that any learn-
ing activity that implies an effort for students
should be measured. Such a way of learning
would motivate students and encourage their
participation.

e Feedback should be continuous. Furthermore,
the result of assessments tasks should be returned
to students as soon as possible. Feedback helps to
correct errors and to have a better appreciation of
the deficiencies that should be overcome.

e Monitoring activities might observe the evolution
of the subject. The final objective would be that
teachers identify knowledge gaps among students
in order to have a better understanding of poten-
tial corrective activities.

Our introductory programming course was de-
signed taking these concerns as a basis. The follow-
ing subsections explain the pedagogical principles
and the instructional process that addressed the
design of such a course.

2.2.1 Pedagogical principles

Instruction is a discipline that belongs to the educa-
tion domain, whose purpose is to ease the learning
experience in an intentional and oriented way, to
achieve identified learning objectives, which is an
important aspect of formal education [15]. To build
a learning experience in a deliberate way, instruc-
tion must be designed [16]. The following para-
graphs describe the instructional principles upon
which the instructional design of our course was
based. The course was aimed at promoting active
learning as a way of implementing a student-cen-
tered strategy.

Although a universally accepted definition of the
term ‘active learning’ does not exist, the one pro-
posed by Bonwell and Eison [17] captures its under-
lying main idea. According to them, active learning
could be anything that involves students in doing
things and thinking about the things they are
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doing. The basic idea is to get students involved in
their own learning process, promoting observation,
the gathering of information and the autonomous
study of the collected data. Instructional activities
that promote student active attitudes have been
acclaimed as being more effective in learning pro-
duction terms than traditional lectures where stu-
dents play a passive role. This point has
subsequently been confirmed since there currently
exists strong empirical evidence that an active
involvement of the student in his/her own learning
process has a powerful impact both on deep under-
standing of the contents and on the long-term
retention [19, 20]. Even though there exist many
different ways to promote students active learning
[18, 21, 22], the key elements for its successful
implementation include the introduction of active
learning activities in the classroom and the achieve-
ment of students’ engagement in the learning pro-
cess. Following this idea, the lectures of our course
were always planned ahead, not only to include
short exercises but students’ interventions as well.
Both handed in exercises and students interven-
tions were always annotated and, regardless of
their results, student grades always came out
slightly higher. In order to promote student en-
gagement, formative assessment techniques were
introduced. These not only increase student moti-
vation but also help both student and teacher to
identify strengths and weaknesses, and it has been
demonstrated that it can improve both learning
and exam results [23]. With the purpose of achiev-
ing this objective, lecture exercises were promptly
corrected and handed back to the student so they
obtained continuous feedback about their learning
progress. The continuous assessment suggested by
the Bologna directives was designed to serve this
purpose as well. In this way, learning objectives for
each course week were clearly stated, and at the end
of every week their attainment was evaluated
through a practice exercise. Great effort was
made in order to inform students about the exercise
results at the beginning of the next week, so in case
they had not correctly mastered the previous
weeks’ learning objectives, corrective action could
be taken immediately. Even so, according to the
student-centered paradigm proposed by the Bo-
logna directives, it is not only necessary for the
students to adopt an active attitude about their
learning but they must also become progressively
more autonomous. This way, the teacher’s role will
shift from one of simply imparting information to
facilitating the student learning. Following this
objective, each of the projects proposed during
the course included advanced activities that the
student could optionally solve with the help of
the extensive bibliography references provided.

Students were also encouraged to read around
the subject before the relevant lecture, and the
lecture would begin with a student outlining the
main arguments on that particular issue.

2.2.2 Instructional process

The instruction process is determined by the educa-
tional objectives, the profile of students, the instruc-
tional strategy, and the assessment method being
applied on the course [23]. In addition, in order to
identify the instructional domain in which our pilot
experiment was carried out, the description of the
contents will be included.

A common approach in programming education
is first to teach the basics of a programming lan-
guage and then guide students towards effective
strategies for the whole programming process [24].
The aim is to gradually develop skills such as
abstraction, comprehension, transposition or appli-
cation. In accordance with these ideas, a reference
programming language must be selected and a set of
programming concepts and strategies should be
learnt—in particular, our course focused on intro-
ducing Java technology and the object-oriented
paradigm. The course compiled a set of program-
ming concepts such as data types, control se-
quences, arrays and strings, as well as basic
knowledge of algorithmic and object-oriented de-
sign. As mentioned previously, our introductory
programming course is taken by students during
the first semester of the first year of the degree in
Computer Engineering; thus, such students can be
defined as novice programmers. In general, students
did not have any knowledge of programming or it
was very incomplete and jumbled. Moreover, a
significant number of students were either not inter-
ested or motivated enough. Regarding the instruc-
tional strategy, our course compiled lessons and
laboratory work. Lessons lasted three hours a
week and they were designed to promote the parti-
cipation of students. Lessons included theoretical
classes, such as lectures and tutorials, practice-
oriented classes, such as case examples and design
exercises, and discussions. On average, one hour of
class work required approximately another hour of
personal work. On the other hand, laboratory work
was made up of several programming exercises that
were solved in groups of two students in order to
promote teamwork. Such programming exercises
were handed in at regular intervals throughout the
course. Laboratory work implied around a working
time of five hours a week.

Finally, concerning the assessment method, the
final grade was obtained by combining the results
obtained in theoretical examinations (sixty percent
of the final grade) with those from practical labora-
tory sessions (forty percent of the final grade). The
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course included seven multiple-choice exams and
eleven practical exercises distributed during the
fifteen weeks of the course. Both types of assess-
ments were included in the continuous evaluation.
At the end of the semester, students took their final
written exam and implemented a small application
in Java (around 1000-2000 code lines). In addition,
and in order to encourage the participation of
students, active class contributions were also mea-
sured and considered in the calculation of the final
mark; however, this part of the grade was only
considered for those students that had passed both
the tests and the laboratory work.

3. The analysis of the results

The data compiled through the pilot study was
obtained from two different sources. On the one
hand, the coordinator of the introductory program-
ming course collected information about the work-
load of students and the human resources required
to carry out a student centered instructional meth-
odology. On the other hand, the heads of the
Computer Science Department requested the opi-
nion of students and the academic results achieved
in the different subjects in order to determine the
usefulness of the pilot study. The following sections
show the analysis of the results. The description
starts with the revision of students’ opinions. It
continues with the study of participants’ workload,
and it ends with the analysis of the academic results.

3.1 The opinion of students

Regarding the development of the course, students
were asked about the quality and usefulness of the
material used in the organization of the course and
the schedule of the subject. Figure 1 shows the
average of the results to these questions where at
least four out of nine succeeded. Our interpretation
is that the deep change in the structure of the course
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Fig. 1. Students’ evaluation: Course quality.
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Fig. 2. Students’ evaluation: Assessment process.

that the Bologna process implies was suitable for the
programming subject.

Regarding the assessment process, students were
asked if it had properly measured the skills and
knowledge achieved during the course. Figure 2
shows the results to that question and we find that
Program.1 is not one of the best, but its results are
close to the best ones. Taking into account that a ‘5-
point Likert scale’ was used; there is a clear distinc-
tion between those subjects below the central value,
and the ones above it. Our subject is included in the
first group, so we can assume that our assessment
process was positively considered by students.

In short, students were asked if they would like to
take another course using the same methodology.
Figure 3 shows the answers obtained. Despite pre-
vious results, considering all the aspects of the
course as a whole, the instructional methodology
followed in Program.l is the one that students
prefer, even though our course was the one that
involved the higher number of working hours per
week for students, as is shown in the next section.

3.2 The workload of students

The first semester includes four subjects corre-
sponding to the first four bars (see Fig. 4). During
that semester, the estimated number of hours per
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Fig. 3. Student’s responses to “Would you like to take another
course using the same methodology?’
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Fig. 4. Students: Working hours per week.

week for each student was 42.15. In the second
semester there were five subjects resulting in a total
of 46.89 hours per week. In both cases data exceed
the theoretical forty weekly hours, but the excess is
around 5% for the first semester, where our subject is
included. We can conclude that the load is balanced
in this first case, although Program.l1 is the most
time consuming one for students, but that is a basic
assumption for the first programming course in a
Computer Engineering degree. The reason lies in the
fact that the rest of the subjects—Algebra, Calculus
and Physics—are not completely new to students.

The first semester at University is different to the
rest of the semesters, especially for engineering
degrees. Students are not used to working regularly
from the very beginning, and that is one of the main
problems. It is only when they fail exams in the first
semester that they change their habits, as the bars of
the second semester show. In this context, it is even
more difficult to try to involve students in the course
from the first day for a completely new and rela-
tively demanding subject such as programming. Fig.
4 shows how Program.1 is the only one in the first
semester that achieved results similar to the ones
obtained in the second semester.

Taking this assumption, in the second semester
we find that there is a course with significantly less
working hours per week than all the rest. This
subject is Program.2, which is considered to be the
continuation of our course. This fact can be due to
many other factors, but also to the sound basis
achieved in the first semester. As we will show later,
more than two thirds of students passed the course.
The results obtained clearly show that the reason for
students preferring the methodology in Program.1
was not inversely related to the workload of the
subject.

3.3 Human resources

Regarding human resource needs, Fig. 5 shows the
total amount of hours dedicated to this pilot project
by every one of the ten teachers involved in it. The
initial assignment of teacher hours was increased by

—o—|nitial

Pilot

—4—Real

Fig. 5. Human resources.

17.8% as extra help afforded to the pilot project by
the university. However, real data collected shows
that the final amount of time was more than doubled
(increase of 118.8%). The most important rise was
related to coordinating (teacher 1), laboratory work
(teachers 5 and 6) and monitoring activities (tea-
chers 9 and 10). And inside monitoring activities,
the most consuming one (teacher 10) was dealing
with the assessment process.

Besides real data collected, teachers completed a
questionnaire in which they expressed their opinion
about the extra work that the pilot project had
involved for them in the following tasks: preparing
course materials, assessment process and monitor-
ing students. Their answer, in the case of our course,
was 9.4% below the average for the rest of the
courses included in the same pilot case. If we con-
sider this value together with a standard deviation of
13%, we can deduce that the extra work needed in
the majority of the rest of the courses was even more
than that 118.8%.

3.4 Academic results

Although it was not the main objective of the pilot
study, the academic results of the course were
analyzed in order to determine the suitability of a
student-centered instructional methodology. With
the purpose of drawing conclusions about such a
methodology, three different kinds of data were
evaluated:

e The results of the course against time. As shown
in Figs. 6a and 6b, the performance of the pilot
study entailed an increase in the number of stu-
dents who both passed the subject and took the
exams. In particular, two facts should be high-
lighted: (1) The number of students who passed
the exam at the first opportunity (sat in February)
was multiplied by three; and (ii) There was a
reduction in the dropout rate. Such a reduction
was especially significant in the second opportu-
nity (sat in September), which shows a greater
interest in the subject. Thanks to the new instruc-
tional methodology, not only were students more
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Fig. 6. The results of the course against time.
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Fig. 7. The results of the course against time compared with other programming courses.

prepared but they also felt more self-assured
about their knowledge and wisdom.

The results of the course against time compared
with other programming courses. Figure 7 shows
that until the change in instructional methodol-
ogy, the academic results of the course were worse
than the results obtained in other subjects with
the same content and similar characteristics. This
situation was aggravated by the fact that our
subject is taught in the first semester of the first
year, compared to other courses which are taught
in the second semester as follow-on courses of our
subject. The application of a student-centered
methodology helped to reduce the relevance of
having previous knowledge about programming.
The results of the course compared to other
subjects involved in the pilot study. Although
the existing differences between syllabuses of the
subjects avoid drawing conclusions about the
way of teaching, it can be concluded that, as
shown in Fig. 8, changes in the course had a
greater impact on academic results than in the
rest of subjects studied. The greatest improve-
ment in the outcomes of the course demonstrates
that such an improvement was not only moti-
vated by the performance of the pilot study, and

the favorable context created around it, but also
by the application of an appropriate methodol-
ogy to teaching introductory programming
courses.

Likewise, even though not shown in the charts
below, there was a better performance in all groups
in which the subject was divided into, regardless of
the number of students or the group of teachers
which taught it.

The data collected shows that the instructional
methodology applied in the course improved aca-
demic results. One possible reason for this lies in the
fact that there was a continuous monitoring during
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Fig. 8. The improvement of the academic results compared to
other subjects involved in the pilot study.
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the course. According to diverse authors [24, 25, 26],
one of the main constraints to beginners in pro-
gramming courses is their inability to recognize
their knowledge gaps. As a result, beginners have
difficulties in solving simple exercises, understand-
ing the cause of their mistakes and determining
future learning points. The application of a stu-
dent-centered methodology allows both students
and teachers to become aware of knowledge gaps
as soon as possible in order to have a better under-
standing of potential corrective activities. In addi-
tion, students feel more confident about their way of
learning, improving their attitude and marks.

4. Conclusions

This paper has presented the results of a pilot study
carried out by the Carlos I1I University of Madrid in
the first academic year of the Computer Engineering
degree. The pilot study includes a total of nine
subjects; however, in this paper we have focused
on describing and analyzing an introductory pro-
gramming course taught in the first semester of the
degree in Computer Engineering.

The study pursues several goals to be fulfilled.
First, this study aims to determine the reaction of
students to the new learning and teaching meth-
odologies that Bologna principles imply. This reac-
tion is especially important for a subject such as
programming, which has traditionally represented
one of the greatest obstacles for new students,
generating significant levels of absenteeism in the
classrooms. Second, the amount of human re-
sources assigned to the course should be revised in
order to identify new requirements or maintain the
actual ones. In order to implement an adequate and
continuous evaluation, a review of teachers’ weekly
assignment to subjects should be considered. And
third, the workload of students also has to be
measured in order not to exceed their forty weekly
hour limit. For the first time, students’ work outside
the class should be computed, so it should be
measured and not only estimated.

The main lesson to be learned from this pilot
study is that preliminary studies are crucial in situa-
tions like this one, where a whole process changes,
and this change involves a variety of stakeholders.
The main features of that change such as, for
instance, moving the attention to student’s effort
or emphasizing the assessment process, were clear
from the beginning. Nevertheless, a significant num-
ber of small but essential practical details which can
make a new initiative fail or succeed do not come to
light until a real case startup. In addition, even
though reduced groups were one of the main issues
in the Bologna process, the extra work for the course
coordinator should be considered in order to pro-

vide either extra help or suitable coordination tools.
Regarding the way of teaching programming
courses based on a student-centered methodology,
four main conclusions could be drawn:

e The course development should be systematic
and increasing. Learning programming requires
an incremental problem solving process in order
to learn the basics of a programming language
and to gather the programming strategies in
applying these notions: This is already widely
acknowledged. But this goal is very hard to
achieve, mainly due to the low students’ atten-
dance to classes. In our implementation of Bo-
logna principles, the daily attendance measured
exceeds 90%.

e Continuous monitoring and tracing are required
to recognize students’ knowledge gaps and to
apply corrective instructional activities. This gen-
eral principle, if not properly implemented, can
have a great impact on the number of hours of
individual work for the student. As already men-
tioned, one of the main constraints of beginners in
programming courses is their inability to recog-
nize their own knowledge gaps. As a conse-
quence, the monitoring task has to be
performed in a way that allows an immediate
response to students’ problems, or the burden
outside the classroom can rise sharply. In our
implementation of Bologna principles, the work-
load of students stood at an acceptable level.

e Thefeedback from students should be continuous
and elaborative. Feedback helps to correct errors,
to have a better appreciation of the deficiencies
that should be overcome, and to get students
involved in their own learning process. Our for-
mative assessment techniques did increase stu-
dents’ motivation—our methodology was the
one they most liked to repeat, and also improved
exam results—the number of students that passed
the exam at the first opportunity was multiplied
by three.

e There is a relationship between the duration of
the assessment-process and the feedback efficacy.
If the assessment-processis too long, the feedback
won’t be helpful enough. This is a clear need, and
in our study, the assessment task turned out to be
one of the more time consuming ones, which
makes it difficult to shorten that period of time
within the teachers’ current weekly schedule.

In summary, a student centered methodology has
proved its usefulness in introductory programming
courses; however, in order to apply the Bologna
principles successfully, the dedication of teaching
staff to the subject should be doubled. In the absence
of such changes, and to alleviate pressure on existing
teaching staff, they should be provided with tools
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