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Abstract—This paper describes the introduction of a Problem- Il. CASE OF STUDY
Based Learning (PBL) methodology within an undergraduate
course of Telecommunication Engineering at the Universita In this context of student-oriented learning, this paper de

Autonoma de Barcelona (UAB). The PBL approach is in line gqyines the experience of a last-year Engineering courseenh
with the convergence towards the common European Higher

Education Area (EHEA), in which students will play a prominent a Com_b'nat'on of both traditional and PBL meth0d0|qg'esehav
and active role in their own leaming. The selected course fo been implemented to follow the EHEA. The course is entitled
this experience is related with the Design of Advanced Digil "Design of Advanced Digital Receivers” and it is an optional
Receivers, a topic where real-life engineers have often toope course within the Msc. in Telecommunication Engineering at

with ill structured, ambiguous and complex .problems for which  he Universitat Autobnoma de Barcelona (UAB). The course
more than one correct answer may be possible. The results toeb

presented herein are based on the instructors’ experienceained Wa_s recently approved by the University, with the first leetu
after two consecutive years of PBL practice on this course,rai  D€ing held on the Autumn semester of 2007. The course work
also on the feedback obtained from students. involves 6 conventional credits (i.e. no ECTS credits, bt 1
hours/credit) which are distributed in 3 credits for théiued
lectures, 1.5 credits for directed problem solving and 1.5
. INTRODUCTION credits for laboratory sessions. Although the Msc. program
has not been adapted yet to EHEA, this specific course was
The adoption of Problem-Based Learning (PBL) methodlecided to be launched by taking into consideration the EHEA
ologies is one of the common approaches adopted by maHylosophy.
European universities in the redefinition of current Engime  The motivation of the faculty members in charge of this
ing courses to the new framework of the European Higheeurse was to offer a highly technical preparation for un-
Education Area (EHEA). In this new framework, instructorgergraduate students in a specific field where highly skilled
will move from their traditional role of "stand and deliveid a professionals are being sought by industry. To do so, the
more dynamic and student-centered roléeairning facilitator faculty members performed a previous work on translating
[1]. The motivation of this new role is to guide students byhe demands from industry into a series of competencies [5],
helping them: both specific and transversal (analysis of complex solation
management of uncertainty and incomplete data, team work,
ublic speaking, capacity of synthesis, global view, déston
nder stress, etc.). After a thorough benefits-costs asatpe
course was decided to be implemented in such a way that 75%
of the credits were dedicated to "conventional method@syi
and 25% of the credits where dedicated to PBL. PBL seemed
to be a good choice for the design of this course since PBL
®cuses on addressing typically ill-structured problenithw
many possible solutions, a very similar working scenario to
In summary, the instructor's new role will be based on guidinthat encountered in real-life engineering problems [6], [B].
and helping students rather than on being a source of infor-The first 75% of traditional learning was divided into
mation with answers to all of their questions. A remarkab&5% for lectures and 20% for directed problem solving and
aspect is that the student’s reflection becomes a key patneof laboratory. This 20% of practical learning under the triadil
PBL methodology, sinceeflectiondevelops professional skills methodology allows students to face the concepts presénted
[2], problem solving capabilities [3] and improves lifegm class in a controlled environment where the initial coahis
learning [4], thus providing many of the required attrimuteand the problem statement are clearly presented. The gaal he
for a successful professional working life. is to consolidate the technical concepts presented in alads

« to explore the richness of open-ended questions,

o to develop their own critical thinking and search foE
meaning,

« to raise issues that need to be considered,

« to monitor progress,

« to potentiate their self-learning skills,

« to create and maintain a warm atmosphere for stimulati
individuals to share experiences and ideas.



explore the application to particular test cases. That satg « Presentation of the two candidate solutions.

while the first part of lectures would correspond to the first « Brief review of pros and cons of both solutions.
phase of learning (i.e. the acquisition phase) the second pa « Suggestion of some key issues to be analyzed.

of directed problem solving would correspond to the leagnin o Form two groups of students (the total number of
stages of fluency and generalization [9]. However, some of students attending the course allowed two groups
the identified competencies were found not to be properly with 5 students each).

covered by this approach, especially the ones related with « Provide the agenda for the PBL activities to follow.
facing multiple answer problems, dealing with uncertginty « Agreement on the evaluation method.

stress and incomplete data, or being able to adapt to NeW) Day-2: Theoretical class of 1 hour duration where
situations. In that case, PBL seemed to provide the answer fo * <56 basic concepts are refreshed, or where some new
complementing the lacks of traditional learning. Neveletbs, concepts or algorithms are introduced. The goal of this
implementing the whole course based on the PBL philosophy  gesgion is to orient the students and reduce their initial
was discarded due to the large amount and complexity of the uncertainty. Keeping the students’ uncertainty down to
technical contents. It is important to remark that one of the acceptable level is an important aspect for maximiz-
very first intentions of the course was to keep a high technica ing their performance, as suggested by the inverted-U
level while providing the students with new concepts. For relationship between performance and stress [10].

this purpose, a minimum fixed amount of lectures deemed3) The groups are lead to work on their own for a period
to be satisfactory. Achieving the same results with a purely * ¢ o4 \week.

PBL-based course would have posed significant obstacles fogr) Day-3: Progress meeting of 1 hour duration with each of
students to complete the required knowledge acquisiti@s@h the groups, separately. The motivation of these disjoint

within the time planning of the Msc. program. meetings is not to mix both groups within the same class.
I1l. PBL METHODOLOGY AND ROLE PLAYING By doing so, the arguments of each group can be kept
For the 25% of the course devoted to PBL, the intention confidential as well as their technical doubts and strate-

. N gies to convince the committee. It is important to recall
was to reflect a real-life situation that students could face that both groups are indeed competing for their solution
in their professional career. This situation was decidetdeo to be accepted, and thus preserving confidentiality is an
the standardization process of a given technology. To do so, important part é)f the story
instructors were assumed to be part of the committee that ha%) The groups are lead to wo'rk on their own for three days
to decide the standardization of a given technologicaltsniu During this period they will concentrate on consolidating'
among two possible candidates. Students were organized int their technical arguments and preparing the final debate
two groups, and each of these groups was responsible og) Day-4: The final debate takes place '
convincing the committee to adopt their solution. This gk ' '

scenario also introduced the students into the real-litepr « Each group has 20-30 minutes for presenting their
lems to be faced by standardization bodies, the motivations solution and convincing the committee.

that move industry to go for standardization of their praduc « When both groups have presented their proposal, a
and technical innovations, and to familiarize student$ e 20 minutes debate between both groups is initiated
fact that no unique nor optimal solution can often be found in and moderated by the instructor.

practice. When discussing each of the candidate techreslogi o During both the group presentation and the final
with the committee, the groups should also learn to defend debate, the instructor is evaluating the individual
their option even though they may know in advance that it contribution of each of the students. After the final
is inferior to that of the competing group. In practice, $ami debate, the instructor provides some constructive
situations may occur when commercial or economic reasons criticism by highlighting the weak points of the pre-
prevail over technical excellence. sentations, and praises the students achievements.

From the above description, it can be seen that the overall

A. Organization of the PBL activities ) . .
. . . . o PBL process involves two short technical meetings of 1 hour
This section briefly describes the overall organizatiorhef t 4, ation each, with the aim of monitoring and orienting the

PBL part of the course under study. This structure is COmmMQR) k of students. Certainly, just one meeting would not be
to both the 2007 and 2008 academic years where the COUL§@ ,gh to provide the students with some basic keys and
has been held. The following activities were carried oulrdlir oncents to exploit their self-learning. On the other hand,
the 3 weeks in which the PBL experience took place: performing more than two meetings would transmit the feglin
1) Day-1: Presentation of the PBL activity. This is a 2o students that "there is no need to worry at all since
hours class where the problem (i.e. the technology {Re instructor will end up by giving us the solution to the
standardize) is introduced to the students. The followingroblem”. Finally, it should also be mentioned that the final
topics are covered: debate is carried out in a meeting room, not in a class, inrorde
« Objectives of the proposed activity. to create a more realistic environment to the one typically
o Problem statement. encountered in practice.



B. Course Evaluation surprisingly close match between the students peer assassm

The two different pedagogical methodologies that weratls:nd the instructor's own evaluation.

introduced during the course are equally weighted to form IV. EVALUATION OF THE PBL EXPERIENCE
the final mark. That is, 50% of this mark corresponds 10 1 gifferent results are to be reported in this section: the
the learning acquired through traditional methodologynWitfirsi one is concerned with the students personal evaluation

lectures, directed problem solving and laboratory exegis uf the course (i.e. their satisfaction), and the second ene i
The other 50% of the mark comes from the evaluation of the)ncerned with the reliability analysis of the studentsrpee

PBL activities. In that case, both the instructor and theeitiis assessment.

were involved in the evaluation process. The instructor’s

contribution to the PBL marks consisted in the assessmentff Students’ Feedback

the students learning process and the evaluation of themstsid At the end of the course, a questionnaire was given to the
skills in defending their candidate solution during the ffinastudents with the aim of reflecting their degree of satigbact
debate. As for the students’ contribution, they were resliir with the whole course, and with the PBL activities in particu
to be involved in a peer assessment protocol: each studdnt [z, A set of 10 questions were provided, as listed below. The

to evaluate the rest of students in their group [11].

guestions had to be scored from 0 (complete disagreement) to

Such a peer assessment protocol has been reported inlthig§complete agreement), except for questions Q3 and Q4 that

literature to reinforce the acquisition of self-directegining
skills [12]. Critical skills and metacognitive skills ardsa
improved due to the enroliment of students in their own assegy
ment. However, some possible drawbacks may be observgg);
such as the existence of bias in peer marking due to the
interpersonal relationships between students within a&rgiv
group [13]. This effect is also noticed by some students, whd?)
often perceive peer assessment as unreliable and unfhitijl4

the course under study the faculty members agreed thaidestiy)
a peer assessment experience would be interesting. Hqwever
for this assessment to succeed, the possible drawbacks or
unfairness perceived by the students should be minimized)
To do so, two groups of students were formed by carefullb”
selecting the members in order to avoid possible interpaiso
relationship$. The a-priori knowledge that the instructors had
for most of the attending students was combined with th€8)
Basadur problem solving profile for assigning individualoi
each of their teams [10]. The Basadur profile states th@g)
for a team to be effective in problem solving, it must hawg o)
strengths and interests in all four quadrants of the model:
"action taking”, "problem finding”, "decision making” and
"idea finding”.

required a written explanation from the student.

I found the course interesting.

Being enrolled in this course has
increased ny interest in the research

on signal processing for communications.
In your opinion, which parts of the
syl l abus were the | east interesting?
What new topics should be covered?

The PBL net hodol ogy hel ped ne
under st andi ng the new concepts that were
i ntroduced during the course.

The PBL net hodol ogy inproved ny skills in
bi bl i ographi c search.

The PBL net hodol ogy inproved ny skills in
anal yzing the pros and cons of different
t echnol ogi cal sol utions.

In the PBL experience, the relationship
between effort and final result is

bal anced.

Score for the overall PBL experience.

If I had to choose, | would prefer

PBL- based courses instead of traditional
cour ses.

Once the groups were formed, the peer assessment protocdlhe results for the questions listed above are shown in Fig.

was presented. The procedure is as follows:

1 for the two academic years when the course has been held.

Each student has to evaluate (in a confidential manndf)e two most straightforward conclusions that can be drawn
the members of his/her group, except for himself. If théfom these results are the following:

total number of group members ¥ students, each student
within a group has/(V — 1) points to distribute among the
remaining N — 1 students. In an impartial distribution of
points, it is possible that a given student would decide to
give 7 points to each of his/her colleagues. If this occurs, peer
assessment would have to be discarded since no usefultisisigh
are provided to the instructor for discriminating betwearnyl R
and productive students. However, the results obtained for
this method show that for the case under study, there is a

Students show a very high level of satisfaction with the
overall course This is reflected in a mean score of 8.35
for Q1 in 2007, and 9.1 in 2008. There is also a high
degree of agreement among students for this satisfaction.
This can be observed in Fig. 2 where the scores for Q1
are found to exhibit a rather low dispersion.

Students seem to be reluctant to be enrolled in purely PBL
based coursesThis can be observed in the poor results
for Q10, especially for the year 2008.

At first glance, these conclusions suggest that a combmatio
1it should be mentioned that since this course is a last-yg@orl course, both traditional and PBL methodologies is indeed a gOOd ap-

the enrolled students were all familiar to the instructarho met them in
previous undergraduate courses. This a-priori informalielped in preventing
closely related students to fall within the same group.

proach for applying self-learning strategies into an eagiing
course. This is true not only from the students point of view
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Fig. 1. Mean scores given by the students to questions deleith the PBL  Fig. 2. Standard deviation for the scores given by the stsdenquestions
experience for the two years in which the course was held. related with the PBL experience for the two years in which ¢barse was
held.

(which is confirmed in the scores), but also from the institect

point of view, which do often argue that advanced courses §ff-/€arning period and internal group meetings. For terp
Engineering studies are difficult to be purely translateBBa. assessment, students were requested to think about theedegr

while maintaining the same levels of quality and technic&f involvement of their colleagues, their effort in achieyi
skills. In that sense, our experiment seems to confirm theat #1€ common goal, their leadership skills, the work planning
experience of implementing a combination of both tradiion@nd organization, and to reflect all these aspects into desing
and PBL methodologies is a good choice that could be appliggPre ranging from 0 to 10. These were the same criteria that
to other engineering courses. instructors were also using for drawing their own evaluatio
On the opposite side, it is important to remark the podf’ €ach of the students. _
scores assigned to some of the questions, especially to Q1d-ater on, both scores were compared and analyzed with the
This question was asking students about the convenience?df! Of assessing the reliability that students self-ev&oa
attending purely PBL-based courses, and their answersadid RoUld have in the determination of the final marks. This com-
clearly support that idea (especially in the results for @00 Parison is shown in Fig. 3, where each point is representing
Two possible causes have been identified for explaining tfft¢ PBL evaluation of a given student. The X-axis represents
reluctance of students to be enrolled in purely PBL coursdg§® mean score obtained from the students peer-assessment
First of all, the fact that the Msc. program has not been ahap@nd the Y-axis represents the score obtained accordingeto th
to EHEA yet. Since this course under study is a |ast_yeg]5tructor’s evaluation. To f_urthgr hlghllght_the relatsmp
course, students are somehow used to the traditional fearnp&tween both scores, a straight line can easily be tracedsin t
methodologies of their previous courses. This reluctarfce ¥ure for representing the linear regression for the alasla
students to change their traditional perspective of thecadudata. The slope of this line is 1.33, thus showing that sttden
tional procedure has been reported in the literature as df8d to underestimate their colleagues’ work. Probablg thi
of the obstacles in introducing PBL [15]. Such a resistan&&n Pe interpreted as a countermeasure to uncertaintg sinc
suggests that the benefit-cost tradeoff incurred by PBledag’€er-assessment is confidential. In any case, this daviatio
activities is often not perceived to be advantageous froen ti$ Not significant at all and still preserves the close match
student point of view. This additional effort that studenase Detween the students evaluation and the instructors'iops
to dedicate to reflect, investigate, monitor and interaceti- ' NiS close match can also be observed when calculating the
learning groups, has to be taken into consideration by tRarrelation between the two sources of da_ta. In terms of the
instructors when dimensioning the whole course. Otherwidd-squared parameter, this experiment achieés= 0.8148,

PBL will not be effective and students will be discouraged t8 value close to 1 that suggests again the close match with
be enrolled in the course. the instructors evaluation, and it confirms the validity loé t

proposed peer assessment protocol.
B. Results of the Peer-Assessment Protocol
The peer-assessment protocol described in Section 11143 wig: Lessons Learned
carried out at the end of the final debate session. Studemés we Based on the observations made by the instructors all along
required to evaluate their colleagues’ work during the PBlhe course, and based on the comments provided by students
part of the course, especially the work carried out durirgy ttat the end of the PBL experience, the following lessons have
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been learned:

The balance between available time and required effort

has to be carefully analyzed before setting up any PBI4]
[5]

activity. PBL should allow students to bring out their
very best, and not to become a stressful load. For this

reason, and based on the feedback from students and
the course progress, subsequent editions of this cour®d

should allocate more time to the PBL part. A more
reasonable distribution of traditional learning vs PBL

activities would be on the order of 65-70% vs 35-30%,[7]

instead of the current distribution of 75% vs 25%.

Students become motivated when representing real-lifiél

roles (e.g. as in the standardization committee adopted in

this course). This situation wakes up their curiosity andgj

interest on the topics to be developed.

Students become even more motivated when competitiHR]

is established between groups [16].

When defining the objectives of the PBL role playing[11l

students have to be reminded that the arguments for

convincing the evaluating committee are based on quality)

rather than on quantity.
All groups should know the candidate technologies that

their competitors will be defending. This allows studentgs)

to have in mind all the alternative solutions, elaborate on
their pros and cons, and thus consolidate a more soljg
position for the argumentation of their own technology
in the final debate.

Feedback must be provided after completing the PELS

role playing activities, as a part of the overall evaluation
process.

[16]

V. CONCLUSIONS

This paper presented an example of the application of
PBL methodologies to an engineering course on Design of

(1]
(2]

(3]

Advanced Digital Receivers. This is a course that combines
1 both traditional lectures and directed problem solvingets,
with dynamic self-learning strategies based on PBL. The
results show that this experience is very successful, aad th
the combination of both approaches allows students to eequi
. advanced technical skills as well as transversal compigtenc
demanded by industry and society to new graduates. This way
of organizing the course has been exciting and motivating

for both instructors and students, since as the course was
1 progressing, there was an increasing feeling that classes w
i really useful and that contents were being assimilated. The
good feedback received from students confirms this state-
ment (as reflected in Q1 of the feedback questionnaire), and
] shows that this type of experience where traditional and PBL

methodologies are combined can be a good choice for other
engineering courses.
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