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Abstract. This article presents a return of experience
of a collaborative educational approach put in place
to build a new course about the test of Printed Cir-
cuits Boards (PCB). This course was dedicated to 5™
year engineer apprentice students from Montpellier
Polytech School. The teaching method followed the
“problem-based learning” (PBL) approach, which is a
student-centered pedagogy: the students learn in-
group about a topic (knowledge and know-how)
through the experience of solving an open-ended
problem proposed by the teacher. This approach tar-
gets two types of objectives: technical with the learn-
ing of PCB test methods and educational with the
learning of thinking strategies, decision-making, ne-
gotiation and collaborative work. A course evalua-
tion form has been created, based on the F2A Lou-
vain University one, to help the students providing
classifiable feedback about this “problem based learn-
ing” approach.

Keywords: problem based learning; collaborative;
education; evaluation; skills; competencies; PCB test;
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1 Introduction

In 2014-2015, a new course relative to printed circuit
boards (PCB) testing has been added to the syllabus of the 5"
year Embedded Systems curricula of Polytech Montpellier
engineering school. 5 year Embedded Systems students are
engineer apprentices students who, since the 31 year at Poly-
tech school, spend half of a month attending courses and stud-
ying and, the remaining half working for a company. In order
to position them in a teaching context close to their real world
working, the teacher freshly trained to problem-based learning
approach from Louvain University teachers [1] decided to
apply this student-centered pedagogy to the PCB testing
course. Students would learn in-group about a topic
(knowledge and know-how) through the experience of solving
an open-ended problem proposed by the teacher. The choice
of the problem-based active teaching approach was appropri-
ated to motivate the students elaborating a learning strategy

where they were protagonists of their learning and the teach-
er’s role was only to guide them to be skilled before the visit
of a PCB manufacturing and test plant organized in order to
compensate the lack of lab material for practice.

This paper presents a return of experience of the “problem
based learning” (PBL) approach developed to teach PCB test-
ing and is composed of several sections. Section II is dedicat-
ed to the description of the context of PCB manufacturing and
test. Section III briefly introduces the Electrical Engineering
department of Polytech Montpellier engineering school. Sec-
tion IV presents the problem-based learning approach con-
cepts, its process phases, its organization and the impacts on
the teacher’s role. Then section IV describes how the PBL
concepts have been applied to the PCB testing course and the
technical and pedagogical objectives. Section V presents the
outcome of this new student-centered teaching method while
the section VI states about the required preparation to imple-
ment this collaborative approach and the improvements that
could be applied. Section VII is the conclusion of this return
experience of collaborative learning and the perspectives.

2 Printed Circuits Boards manufacturing
and test

A printed circuit board (PCB) is a thin board made by com-
bining different sheets of non-conductive material like fiber-
glass, composite epoxy, plastic or other laminate material that
easily holds copper circuitry. The conductive pathways are
etched or "printed" onto board, connecting different surface-
mounted and socketed components on the PCB, such as tran-
sistors, resistors, and integrated circuits (IC).

PCBs manufacturing first requires designing the board with
CAD tools and then fabricating it through several chemical
operations.

PCBs are used in both desktop and laptop computers. They
serve as the foundation for many internal computer compo-
nents. Even if PCBs are often associated with computers, they
are used in many other consumers’ electronic devices like
TVs, radios, digital cameras, cellular phones, and tablets and
all of them include one or more printed circuit boards. Figure
1 shows the photograph of a PCB with soldered components.



Fig. 1. Photograph of a mounted PCB.

PCB testing targets several objectives and happens at dif-
ferent stages of the board manufacturing. Only the main tests
are briefly described here. The first test consists in verifying
that the naked printed circuits (before soldering any compo-
nent) are free of any damaged conductive pathways and miss-
ing printed note-pad. Verifying the soldering process is part of
the second test as well as checking the soldered components
presence, value, polarization and alignment. This step of veri-
fications is performed either with an AOI (Automated Optical
Inspection) machine or an AXI (Automated X-ray Inspection)
one, which both scan every PCB going of the soldering pro-
cess. Then, an electrical test is executed using a bed of nails or
a flyer probe tester to check voltages between nodes. Each of
these tests requires dedicated method and test equipment.

3 Embedded System Engineer Students @
POLYTECH MONTPELLIER

Polytech is an engineering school inside the University of
Montpellier, which offers to students starting their 31 year of
study in the Electrical Engineering department, the choice
between 2 curricula: “MEA” (Microelectronics Electronics &
Automation) and “ES” (Embedded Systems). The students
who will select the “ES” curricula will become apprentice
students during 3 years and will spend half of a month attend-
ing courses and studying and, the remaining half working for a
company. The students who will choice “MEA” curricula will
be full time studying at the school.

Both future engineers will be able to work in the same
fields like the consumers’ electronics, automotive, air space
and military ones but at different levels: “MEA” engineers
will deal with integrated circuits and “ES” engineers will
manage systems (from PCB to satellite).

4 Problem Based Learning Approach

4.1 Choice of the teaching approach

In 2014-2015, a new course relative to the test of printed cir-
cuit boards has been added to the syllabus of the 5™ year Em-
bedded Systems curricula. To get students fully skilled in this
discipline, it was necessary to provide them knowledge from
lecture and know-how from labs. Unfortunately, no test
equipment (bed of nails, AOI or AXI) that would have al-
lowed students acquiring practise in PCB testing technics was
available at the school. To compensate this lack of lab materi-
al, the teacher organised the visit of the Company OMICRON
[2] located nearby Montpellier, which was a PCBs manufac-
turing and test plant. To benefit from the learning of this visit,
the teacher wanted the students to know the basics about PCB
testing in order to be active and ask questions during the com-
pany tour.

Because “ES” students are apprentices working for a company
half of their time, the teacher chose Problem-Based Learning
(PBL) approach to set up the course into a teaching context
close to their real world working. Students would learn in-
group about PCB testing through the experience of solving an
open-ended problem proposed by the teacher. The challenge
was to motivate the students collaborating to define in-group a
learning strategy that would have promoted individual and
teamwork and achieve the learning objectives. The teacher’s
role was only to guide them to get skilled.

4.2  Educational approach organization

Dedicated course syllabus and training material have been
elaborated to match the PBL approach (based on the FA2L
Louvain teachers ‘manual), which basis consists of two ses-
sions of collaborative work and time in between (2-3 weeks)
during which students study individually.

The 12hrs of the course were distributed as follow: 4hrs for
the PBL approach itself, 4hrs for the visit of a PCB manufac-
turing and test plant, 3 additional hours to allow the students
finishing solving the open-ended problem and working on
their final report, and 1hr during which the students evaluated
their learning outcome in this particular teaching approach.
The course ended with a cake party. The exact course schedule
is described in table 1.

The beginning of the first session (2hrs) was dedicated to the
presentation of the PLB approach and the learning objectives
to the students: “Go” and “Return” sessions agenda, the stu-
dents’ role inside the group, the problem they had to solve in-
group and the learning strategy they had to define. It was cru-
cial that they understood the teacher’s expectations about their
collaborative and individual learning in order to achieve the
course goals. The classroom organization was modified to
look like a meeting room facilitating the group discussions.
Paper and white boards were also provided.



Table 1. PCB TESTING COURSE ORGANIZATION

Date Title of the session Hrs

15/3/4 PBL Go session: collaborative work 2h
Individual work at home

15/4/1 PBL Return session: collaborative work 2h

15/4/8 OMICRON’s visit 4h

15/5/6 | Collaborative work on risk analysis & report 3h

15/5/25 | Student’s learning self-evaluation & Cake party 1h

4.3 Teacher’ s role

In the PBL approach the teacher’s role is to guide the stu-
dents to solve in-group the open-ended problem [1, 3, 4]: he
had to diagnose any obstacle (conflict inside the group, mis-
understanding of the problem) that would alter each group’s
progress according to the procedure. He also had to question
indirectly the students about their previous know-how of the
problem context to orient the discussion and he had to facili-
tate the exchange of ideas, the negotiations and communica-
tion inside the groups.

4.4  Course progress

Problem Based Learning approach presentation to stu-
dents

First, the teacher explained to the 12 students (only men)
the motivation of the teaching approach choice. Then, she
presented the teaching method it-self: an open-ended problem
will be proposed to the students and they will have to solve it
in-group, without having any preliminary course. Students will
have to identify what they already knew about the topic, what
they needed to learn, and how and where to access the infor-
mation that would lead to the resolution of the problem. It was
clearly mentioned to the students that the allocated time to
work in-group on the problem in the classroom was limited to
2 sessions (Go and Return ones) of 2hrs. So, each group had to
identify the 3 or 4 members that will animate both sessions:
the leader (who lead the group’s discussion during the ses-
sion), the moderator (who checked the schedule and took care
of any logistics aspect), the scribe (who was the instant
memory of the group’s ideas, concepts and questions) and the
secretary (who took notes during the session and sent the
minutes back to all group members). The number and the title
of these roles can slightly change from one PBL usage to an-
other.

Between the 2 sessions, each student was expected to per-
form individual work. The teacher concluded presenting the
technical and educational objectives. Getting skilled in PCB
test concepts and risks analysis methodology and practice
were the technical goals. Cooperate actively within the group
to the definition of the learning strategy, individually acquire
technical knowledge and share it to the group to build collabo-
ratively the competencies allowing the team to solve the initial
problem were the educational targets.

Collaborative work during the “Go session”

During the “Go” session, two groups of 6 students were
created based on students’ friendship. One group was com-
posed of 5 good classmate students. The 6" member had his
friend in the second group, which gathered the remaining stu-
dents, some of them also being good classmates.

Each group received from the teacher the same note-pad
describing the problem to solve, the step by step procedure
and the timing to follow to collaboratively understand the
problem, identify their prior-knowledge and ignorance to end
it having established a learning strategy plan that each student
would performed before the “Return session”.

The first step of the procedure was to assign a role to at
least 4 group members: the leader, the moderator, the scribe
and the secretary. The group composed of the good classmates
who approved the learning approach, shown a high motivation
and quickly performed this task. The second group, composed
of only 3 motivated students over 6, met the first signs of in-
ternal conflicts at this step as none of the 3 remaining students
wanted to take a role. The teacher neither forced the missing
assignment nor questioned the reluctant students about their
motivation but rather reminded the timing and the objectives
of the “Go session” to the group. Facing the fact that their lack
of collaboration would penalize the whole group, the unenthu-
siastic students started cooperating.

In the second step, the students of each group had to read
the open-ended problem statement, to highlight the important
words and to list the raised questions, the misunderstood or
unclear items. The leader had to collect all inputs from the
team members, which were written on a white board by the
scribe. The moderator had to take care that this task was per-
formed within 10 minutes.

In the third step, the group had to provide a summarized re-
formulation of the problem to be sure that the mission was
understood and a list of deliverables: to deliver a risk analysis
template relative to PCB tests. The secretary had to consign
this information. The allocated time was 15 minutes.

The next step was to make a status of the group members’
current knowledge about the topics of PCB manufacturing and
test, and risk analysis methodology. It was the first time when
the cooperation of each group member presenting his
knowledge contributed to build the group knowledge. So, this
stage was important because the learning strategy of a group
depended of its individual’s erudition on the topic. The teacher
had to carefully watch the communication inside each group to
check that each student gave his statement and opinion. If not,
he had to question the leader to make him realizing his mis-
take. 30 minutes were allocated to this task.

The 5™ step consisted in 15 minutes to list the learning ob-
jectives to solve the problem with the assessment conditions
for each goal.

The 6" and last step of the “Go session” was the creation of
a Gantt chart describing each task with its duration, allocated
resource (documentation) and owner(s), and the list of deliver-
ables to produce. It was important that the students identify the



tasks directly linked to the learning objectives, to keep them
focused.

The group with the 6 motivated students went through all
the 5 steps after the roles assignment without any major prob-
lem. The behavior of the 3 unwilling students of the second
group, the authority issue that faced the leader and the lack of
interaction from the teacher often conduced the group to unor-
ganized discussion, unstructured animation, no teamwork
collaboration and a communication restricted to some mem-
bers. Laboriously, the group followed each procedure step and
established a learning strategy plan at the end of the “Go ses-
sion”.

Individual work

During the 3 weeks separating the “Go” and “Return” ses-
sions, the students had to read the documents provided in the
note-pad according to the learning strategy both groups had
defined. Each student read all the documentation in order to
acquire alone the entire requested knowledge to solve the
problem, focused on a particular topic and produced a sum-
mary he will share with the group during the “Return session”.

Even if it was not requested, each group sent to the teacher
a report of the “Go session” which detailed its Gantt chart.

Collaborative work during the “Return session”

During the “Return session” (2hrs) 3 weeks later, both groups
discussed their findings and started elaborating together a
solution based on what they learned individually.

Once again, they followed a step-by-step procedure. First,
each group organized, in 10 minutes, the assignment of the
leader, moderator, scribe and secretary roles. They decided to
keep their previous ones even if the teacher suggested them
changing.

The second and main step (50 minutes) was the synthesis of
the learning. It required the cooperation of each group member
who had to share the outcome of his individual work. Any
student who would not have performed his assigned task
would impact the technical learning objectives of the group.
The individual work was crucial for the group collaborative
success. Once again, one group achieved almost straight for-
wards this synthesis task, whereas the other one faced team
conflicts. The passive behaviour of the 3 students influenced a
lot team spirit and its outcome as the group ran out of the time
allocated to this procedure step.

One again, both groups produced a report of the “Return ses-
sion”.

Visit of OMICRON Company and outcome

The director spent 3 hours presenting the different PCB test
steps and equipment to the students. Thanks to the students’
involvement in the active learning approach, most of them
were able to link the test concepts and technics they learnt to
the real usage of the equipment during the demonstrations. All
students were happy of the visit and admitted that the experi-

ence would not have been so fruitful with a classic lecture
teaching method in which they would not have been the pro-
tagonists of their learning.

Students ‘skills evaluation

The students had to deliver one risk analysis report per
group about the test technics applied to verify PCB based on
the knowledge they acquired reading documentation selected
by the teacher and the outcomes of the visit.

Students’ learning self-evaluation

Individually, the students had to evaluate their learning in
the context of the PBL approach. They had to complete a ded-
icated form developed based on an evaluation form from
FA2L Louvain teachers [1].

Three main sections composed the document. They were
organized as follow:

Student’s evaluation of the group performances. Using a spi-
der diagram (see figure 2), they had to rank the following
criteria:

* Group learning outcome: the group produced something
satisfactory, this production was really the result of a col-
lective effort, the meetings were effective, the exchanges
allowed bringing to the foreground different points of view
to handle the problem.

¢ Group members’ investment and communication: each of
the participants contributed significantly to the efficiency of
the group, the group gave the opportunity to each of his
members to express its point of view even to the passive
participants, all the members of the group proposed their
individual work done between both sessions

* Relationship with the teacher: in a general way, the group
took advantage of the teacher’s presence and guidelines to
progress.

* Relationship with the learning context: the group became
quickly motivated to work the theme; the group found that
the problem was well adapted to the members that it was
enough complex and rich enough for a meaningful learning.

* Group organization: the group succeeded in coordinating its
activities, the group remained centred on the task to be car-
ried out, the group made a good use of the white board, the
secretary kept tracks of the exchanges, the leader played its
role and the timing was respected

* Atmosphere in the group and in the working context: the
agreement between the members of the group was good, the
participants encouraged each other’s, the group managed to
surmount its differences of view, and nobody managed to
impose his point of view.

The ranking scale was from 1 to 4 with the following mean-
ing: 1= not satisfying; 2= not really satisfying; 3= satisfying;
4=very satisfying.
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Fig. 2. Spider diagram for the “Problem-Based” approach evaluation
by the groups of students

Students ‘feedback about the advantages and disad-
vantages of working in-group to learn skills. Each student
had to enumerate the actions that went fine in the context
of the teamwork, those ones that did not and what he
could personally have done to improve the work in-group.

Student self-evaluation of his learning. For this self-
evaluation, the students had to fill a table in which they
had to list what they learnt and how skilled they were be-
fore and after the course. The ranking scale was from 0 to
5 with the meaning explained in table Il. Students had al-
so to specify the number of hours spent studying individu-
ally.

Table 2. RANKING SCALE MEANING

0 1 2 3 4 5

I don’t |1 I can say | I can | I can list the | I can argue,

anything | have | one or two | describe relevant justify my

about heart | things the main | items of the | statement,

the topic | about | about the | items of | topic  and | choices and
the topic the topic the relation | decisions
topic between about the

them topic
Cake party

The teacher proposed a cake party to celebrate the end of
the course. All students brought food and beverages and
shared them as shown on figure 3. Students took this oppor-
tunity to give a subjective feedback about the educational
approach. The motivated students were very satisfied as they
considered they learnt in a collaborative context close their
real work. They liked being the protagonists of their learning
and it increased their self-esteem to contribute to the group
success. The unenthusiastic students explained they did not
like the approach because preferred the classic top-down
teaching method rather than this student-centered one.

Fig. 3. Photograph of the ES students at the cake party

5 Educational Approach outcomes

5.1  Analysis of students ‘skill evaluation

As mentioned earlier, each group produced a summary re-
port of the “Go” and “Return” sessions in addition to the final
risks analysis one. Each report was marked. The final mark
was the average mark of the 3 reports.

As each member of one group fairly collaborated to solve
the initial open-ended problem being all very invested in their
own learning as well as in the success of the group, they all
obtained the same mark. Concerning the second group, only
the 3 motivated students received the highest mark produced
by the evaluation of the 3 reports. The 3 others were penalized
and lost one point.

This experience shown that evaluating the students’ skills
using the PBL approach was not an easy task. It was almost
not possible to objectively mark the learning a single student
acquired during the course. So, when selecting a teaching
approach, it is not only important to define the learning objec-
tives but also to identify the “best way” to verify the students
have achieved them. The report was an appropriate choice to
represent the work produced by each group. But, may be, an
additional quiz would have allowed to individually check the
students’ learning acquisition. As it was the time this course
was put in place, there is no reference to compare the students’
marks with an estimate the relevance of the teaching approach.

5.2 Analysis of the students’ learning self-evaluation

This paragraph presents the synthesis and analysis of the
students’ answers about three sections of the evaluation form.

Student’s evaluation of the group performances.

First, the 12 spider diagrams were studied all together and
the average values to the 6 items varied between 3 and 3.38,
which were high scores as the maximum value is 4. So, as a
preliminary conclusion, it appeared that all students recog-
nized the interest of the collaborative work.

As 3 students out of 12 clearly shown a lack of motivation
to learn in this collaborative context, a second analysis was



performed on the spider diagrams, this time separating the
ones from the motivated students to the unwilling ones. The
compilation of numbers obviously pointed out a major differ-
ence of appreciation of the collaborative teamwork between
the motivated and not motivated students. All the compiled
numbers are presented in table III and reported on the spider
diagram in figure 4 using a specific color that code is men-
tioned in the table.

Table 3. RESULTS COMPILATION

Group Per- 12 students 9 moti- 3 not motivated
formances (Blue dots) vated stud. stud.
/ # Student (Black dots) (Red dots)
a) Outcome 3.32 3.53 2.67
b) Investment 3.17 3.34 2.67
c) Teacher 3.38 3.17 4
d) Problem 3.13 3.17 3
e) Organization 3 3.28 2.34
f) Atmosphere 3.5 3.8 2.67
4 Group learning outcome
3 !
Atmosphere in @y 2 ! Group
the group and in ° pe »” mcmbcrs‘
the working 1 investment and
context communication
0
¢ -
Group o © Relashionship
organization .? with the teacher

Relashionship with the learning context

Fig. 4. Graphical representation of the group performances compila-
tion

Students’ feedback about the advantages and disad-
vantages of working in-group to learn skills.

The students enumerated the actions that went fine and the
ones that did not concerning learning in-group. It appeared
that several actions obtained opposite opinions like the as-
signment of the roles, the atmosphere inside the group, the
cooperation of the students, the organization and the distribu-
tion of the tasks inside a group that conduced to different
workloads between students, the communication inside the
group, the animation of the group and the collaboration of
each student during the “Return session” to share his outcomes
of the whole group.

The students insisted on the fact that the time allocated to
perform the procedures during the “Go” and “Return” sessions
was too short, in particular to clearly understand the problem
and its context. Nevertheless, most of the students were satis-
fied of the overall process: defining in-group a learning strate-
gy to solve the open-ended problem, studying individually all
the documents but focusing on a dedicated topic and sharing
their outcome to the whole group to collaboratively allow all

members to achieve the learning objectives. All students liked
the cake party.

Concerning the actions the students could personally do to
improve the work in-group, they mentioned: to be more in-
volve to provide a better collaboration, communicate and
helped reaching the learning objectives in less time and in a
better team spirit.

Students’ learning self-evaluation.

Even if each student was free to list any relevant learning
skill, three main topics appeared from the synthesis of all the
lists: knowledge about PCB manufacturing, PCB testing and
risk analysis methodology. Each student ranked from 0 to 5
his level of knowledge for each skill before and after the
course. The compiled results of all students, of the 9 motivated
and 3 unwilling ones are presented in table IV.

It was surprising to discover, from the analysis of table IV,
that the 3 not motivated students achieved a better level of
knowledge on 2 out of 3 skills compared to the 9 motivated
students. Were they over-estimating themselves? The number
of hours each students had spent learning was studied and it
appeared that the 3 students spent an average time of 6.2hrs
per student studying whereas the 9 motivated ones declared an
average of 5.4hrs per student. This shown that the 3 students
who demonstrated a none collaborative behavior wanted to
learn to be skilled in these topics but disagreed on the teaching
approach.

The analysis of table IV also put on evidence that even if
the students improved this initial knowledge on the 3 topics,
they were far away to be fully skilled (level 5) at the end of
the course.

Table 4. RESULTS SYNTHESIS

12 students 9 motivated stu- 3 not moti-
dents vated students

Knowledge / Be A Before Af Be Af
# students fore fter ter fore ter
PCB manuf. 1.92 3.1 1.89 2.89 2 3.67
PCB test 1.43 34 1.61 3.61 0.89 2.75
Risk analysis 0.75 242 0.89 2.11 0.33 3.33

6 Statement & Improvements

6.1 Statement

Problem-Based Learning approach required a long prepara-
tion from the teacher in terms of research on papers, docu-
ments, web sites relative to the topics. The teacher has to read
all documents to identify the most relevant ones to be pro-
posed to the students in the note-pad.

Despite the fact that the students who studied the docu-
ments became skilled on the new topics and able to solve the
given problem, the real challenge was to motivate each group




members to fairly collaborate and to acquire these competen-
cies. The teacher who became a tutor meaning that her role
was to guide the students, had to build their confidence to take
on the problem, and to encourage them cooperating in this
new learning approach, which represented a paradigm shift
from traditional teaching and learning philosophy, which was
more often lecture-based. This new tutor role was not easy to

play.

6.2 Improvements

Changes have to be applied to this collaborative educational
approach to improve the technical and educational outcomes:

* In order to build a real teamwork spirit and to facilitate the
collaboration and communication within the group, groups
should not be created based on students’ friendship.

* The teacher has to interact more often, in particular when
diagnosing any conflict between group members and nor-
malize it, or when the group shows a lack of dynamism du
to none fairly collaboration of each member in order to
minimize the impacts on the group success.

* The teacher should add regular milestones to check stu-
dents’ knowledge progresses.

* A solution has to be found to allow students practicing and
acquiring know-how on these technical topics.

* The teacher has to spend more time explaining the different
roles and has to ask the leader and the moderator to respect
the timing. May be a game that rules would fit to the PBL
ones could be a good way to initiate the students to the new
collaborative approach.

* The teacher has to identify the appropriated exam mode to
verify each student achieved the technical learning objec-
tives.

7 Conclusion

From pedagogical point of view, the “problem-based learning”
approach was an interesting experience for the 5t year appren-
tice engineer students as they discovered an innovative learn-
ing method where they were the protagonists of their own
learning and which allowed them to study in conditions close
to real world work when collaboration is in purpose. For the
students, the gains of this approach were the acquisition of
technical knowledge in PCB test and risks analysis methods
and they got trained in thinking strategies, decision-making,
negotiation and collaborative work.

For the teacher, this approach requested a long preparation, as
it was necessary to develop dedicated course syllabus as well
as course material to fit the PBL approach procedure and the
learning objectives. The teacher had to get familiar with his
new role of instructor or tutor, which was not a natural thing.
He had to facilitate learning by supporting, guiding, and moni-

toring the learning process of the students in-group without
ordering them.

Based on this first positive experience, the PBL approach will
be repeated in 2015-2016 taking into account all the enumer-
ated improvements.
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