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Abstract - Enquiry-Based Learning (EBL) was developed
in the third-year, Electrical and Electronic Engineering
(EEE) module Optoelectronic Devices and Systems.
Problem-Based Learning (PBL) is an instance of EBL,
where the students’ enquiry into a topic is triggeed by
an initial problem or scenario. This module beginsvith a
PBL exercise, which covers display devices. The skents
are asked to imagine that they are a small companat
is about to develop a new large screen High Defiiin
Television (HDTV) consumer product for the market n a
few years. This links enquiry into existing and enmging
display technologies with the specification and stalards
for HDTV. It also requires the students to projectmarket
trends and technological advances into the near fute.
Key decisions in the design of the scenario, consigtion
of the learning environment and the form of assessamt
are described, emphasising flexibility in approachand
sensitivity to the context of this development.

This development is in the second year of its debvy.
The results of an integrative evaluation, drawing o
questionnaires, participant observation, student fous
groups and discussions with staff, will be presentke The
varying experiences of three groups will be presead,
highlighting the impact of both internal and exterral
factors.

personal and life-long learning skills in a procéagegrated
with their core subject learning [4].

This paper and its companion paper (Case Study 2 —
Robotics) report on some of the teaching and legrni
developments that arose at the University of Masighe
from a collaborative PBL initiative with Universit§ollege
London and the University of Bristol, supportedthe IET
[1] and HEFCE (Higher Education Funding Council for
England). In Manchester, PBL has been introductdthree
third-year units, in the areas of VLS| design [5],
Optoelectronics and Robotics, and also as part hef t
second-year tutorial system as a preparation fdeamn
project [6].

This paper describes the context of the module,thed
implementation of a PBL exercise into it. It then describes
the evaluation of the PBL exercise drawing out the
experience of three groups of students. There fibitows a
discussion of the issues arising from this experience.

IMPLEMENTATION

Context

Optoelectronics Devices and Systems is an optional,
10-credit, third-year, second-semester module dediy
through lectures with problem-solving tutorials ideted

Index Terms — Electronic Engineering, Enquiry-Based towards the end of the module as preparation far th

Learning (EBL), Optoelectronics, Problem-Based beay
(PBL).

INTRODUCTION

The development of professional and personal skills
engineering students is becoming increasingly itgmbr A
recent survey of employers, conducted by the

(Institution for Engineering and Technology) [lighlighted

a mismatch between the skills required by electroni

engineers and the skills that graduates possesHeis.
finding is in line with similar studies and enginieg
education reviews in both America and Australia PBL is
an instance of EBL [3], where the students’ enquip a
topic is triggered by an initial problem or scepariThe
students following in this enquiry engage in thebjeat
matter at a much deeper level, whilst gaining msifnal,

examination. The contact time for the module is tB®
minute sessions per week. The summative exam mapees
75% of the module. The remaining 25% of the modsle
taken up by a written assignment. The module igldil into
two main sections: display technologies and comuoatiun
systems. The former is a descriptive review andldkier a
more quantitative treatment of the science andnigicgy,

IETrepresenting the major portion of the module.

Scenario

In many respects the components for a PBL weradyrén
place: the more descriptive display technologiesnt
combined with the individual report. Display teclogies
provided an accessible and motivating topic for ugnyg
since television is a very tangible component obpe's
everyday experience. Also the diversity of display
technologies, the development of new technologrest the

* Norman J. Powell, Centre for Excellence in Engiiased Learning, University of Manchester, Unikédgdom, norman.powell@manchester.ac.uk
2 Anthony R. Peaker, School of Electronics and tiesd Engineering, University of Manchester, Uditéingdom, a.peaker@manchester.ac.uk

3 william S. Truscott, School of Electronics ane@tical Engineering, University of Manchester, tddiKingdom, w.truscott@manchester.ac.uk

4 Peter J. Hicks, School of Electronics and EleatrEngineering, University of Manchester, Uniteidddom, peter.hicks@manchester.ac.uk

® Brian Canavan, Robert Clark Centre for TechnalalgEducation, University of Glasgow, United Kingaob.canavan@elec.gla.ac.uk

Coimbra, Portugal

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



introduction of new formats onto the market provide
stimulating and changing topic for enquiry.

The students were asked to imagine that they amadl
company that is about to develop a new large scrghvV
consumer product for the market in a few yearsktifhhis
links the enquiry into the existing and emergingpthy
technologies with the specification and standaoddHDTV.
It also requires the students to project markendseand
technological advances into the near future.

Timing

This topic fits naturally at the beginning of theodule,

providing a lighter introductory topic before theoma

technical optical communications section. Placihg PBL

exercise at the beginning of the module has thatiaddl

benefit of avoiding the peak workload times for gtedents
which occur later in the semester, when they aelylito

encounter coursework from other
preoccupied by completing their third year projects

A disadvantage, however, is that for the first deupf
weeks of the module, students are still decidingicivh
optional modules to select, so the size and makefupe
class are uncertain and fluctuates. This is migidatartially
by giving over the first two or three sessionsrtsdductory
talks on the module in general, displays specificaind
PBL. The following four to five sessions, dependongthe
groups’ progress, are given over to team meetifdge
students are then given a further two weeks toewnjt an
individual report on their research.

Resources

Process

During the team meetings, the students in theiugso

« discussed their understanding of the scenario;

e shared their current knowledge and ideas on thiegop
involved,;

* made decisions on how to address the scenario;

< identified what specific topics, or learning objees,
they needed to research in order to progress their
enquiry;

« allocated who was going to investigate which topics

« made arrangements for keeping in contact with each
other between the scheduled facilitated sessions.

Between the team meetings the students would corldeic

individual research on the topics allocated. Thgt neam

meeting would then begin with the students shattimg

findings of their individual research with the gpowand

modules and bdliscussing how their findings affect their perceps of the

scenario. Then the process of identifying learrongcomes
and planning their group research was repeatededime:d.

Facilitation

Two facilitators were present for these sessionse O
facilitator was the lecturer, the other a non-splésti who
also acted as a participant observer.

The lecturer began the team meetings with an @utin
what he hoped they would achieve, outlining thecpss
steps and types of decisions that should be madhebgnd
of the meeting. This provided a clear sense of gepand
direction for the meeting, especially for groupstthvere
more hesitant and uncertain about how to progfessing

The lecture had in place a series of detailed nates Some parts of the meeting he absented himself fhemoom
handouts for each component of the module. The firsfo allow less inhibited discussions, especiallyimtyrthe
volume of these notes, covering the electromagnetigecision and allocation phases. At the close ofntieeting
spectrum, colour perception and display technokgieere he asked the group to summarise their decisionsraexded
provided in the introductory lectures as a stargiognt for ~ directions  of  enquiry, providing feedback and
the enquiry. Students were also referred to the ,PBLENcouragement. In the year when there were twopgrthis

Information Searching and Group Working guides thaty
were provided with in their second year.

It was anticipated that the majority of resourcesuld
be accessed via the Internet, through searchinignitea
databases, in the form of review articles from essfonal
journals and technical reports from manufactur8tadents
were given instruction on the use of technical bases at
the end of the first team meeting.

was a plenary session, allowing a cross-fertilisatf ideas
between the groups.

Throughout the facilitation sessions, the lectuners
sensitive to the progress and coherence of thepgramd
provided appropriate levels of support and directim
ensure that the group progressed.

The non-expert facilitator adopted a less intenosist
approach, observing and listening to the groupstussion

Another resource that was offered to the studersts w and making infrequent suggestions when they weie fe

the lecturer's expertise. He offered to provide laxption
and clarification of anything that the studentsriduifficult
during their enquiries, on either an individualgooup basis.

Learning Environment

This module was scheduled to take place in a ridetdre
theatre. This was not considered conducive to greank, so
a flat lecture theatre with movable desks was fofandthe
first year of the team meetings. For the second yeae was

appropriate.
Assessment

The PBL was assessed solely through an individe@bzo
3500 word report, based on the groups’ researcis. Géing
a substantial portion of a third-year module, trerking of a
team product and mechanisms for assigning indivichaaks
might have been contentious. The method chosensemis
as an appropriate low risk option for this level aifurse,

only one group, consequently team meetings could pwhere teamwork is not an explicit learning outcome.

convened in the lecturer’s office.
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Delivery

The PBL exercise was first delivered in the secesihester
of 2005-06 to 2 groups of 4 and 5 students. It keggated in
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the second semester of 2006-07 to a group of ldests.
Both cohorts contained a mixture of both home areifin
students. The apparent discrepancy in the grows sidll be
explained below undédfocus Groups and Observations.

EVALUATION OF THE PBL PROCESS

Methodology

An integrative evaluation [7] was conducted, drayion
questionnaires, assessment, participant obseryattodent
focus groups and the reflections of staff, whewe fticus is
on understanding the experience of the studentageajon
the PBL exercise. The questionnaire data was ¢etlefor
the first year cohort, observations and focus gsougre
conducted for both years of delivery.

Questionnaires

Given there were only a small number of studengslired
in this activity, these results should be takenrascative
only. Even substantive results may not be significa
However, the response rate is good (78%-89%), 0
results can be taken as representative of thederssi

The Study Process Questionnaire [8] measures
students’ approaches to learning, whether deepudace.
On average the cohort came out as having a Deemihga
Attitude of 31.4 and a Surface Learning Attitude 2#.0.
This is not significantly different from other sexband third
year groupsK(3,62)=0.12p=0.95 & F(3,62)=0.82p=0.49).

Confidence Logs [7] measuring the students’ comioge
on a five-point Likert scale against the intendedrhing
outcomes for the PBL were collected pre and pastRBL
exercise. The results are summarised in Tablerlafk®save
the first learning outcome (image perception) thare
increases in confidence. This first topic was dised in the
introductory lecture and notes, but did not fornt fpd any
of the groups’ enquiries, so this is probably a faflection
of their learning. The two topics that show a digant

improvement with an independdrtest are the Cathode Ray PBL takes more time than lecture based courses

significant increases in confidence, there do appeabe
substantive increases in confidence in most c&igen that
the number of students is low in this sample, gdacohort
may yield more significant results. However, a edirtests

the students. The results are summarised in Tdbl€hke
Internet followed by discussion with students coout as
the most regularly used and useful resources. Tdie Use
and usefulness of discussion with students indscaket
students are both using and valuing the group disons.
Students’ own notes and their discussions withuber were
also used sometimes and found useful, suggestagtlile
initial resources and the tutor’s input were alsdued. The
limited use and value of textbooks and borrowedesas
also expected.

TABLE Il
LEARNING RESOURCEQUESTIONNAIRE

Resources Frequency of Use Usefulness

1 — Did not us¢o 1 - Uselesto

4 — Used Regularly 4 — Vital
Lectures N/A 25
Textbooks 1.6 1.6
Own notes from lectures or labs 2.8 3.1
Borrowed notes 15 2.0
Discussion with tutors 25 3.1
Discussion with students 3.8 35
Internet 4.0 3.9

. Other 2.4 2.2

ut

Note: 8 responses out of a possible 9

the  The Perceptions to PBL questionnaire is a bespoke

guestionnaire generated for the IET PBL initiatiite results
are summarised in Table Ill. From these resultsethe a
very positive reaction to the PBL exercise, witk gtudents:
enjoying the exercise, wishing to learn this wapiagand
general agreement to most of the statements, with
exception of mild disagreement to preferring tanethrough
conventional lectures.

TABLE 11l
PERCEPTIONS OFPBL QUESTIONNAIRE

Statement (slightly abbreviated here)

Agreement
1 - Disagree Strongly
5 — Agree Strongly

| like PBL 4.4
| learn more from PBL than lecture based courses 4.1
3.8

Tube and Liquid Crystal Displays. Despite not being! have to take more responsibility for my learning>BL 41
| enjoy working in a group 4.0
| clearly understood the problem given to me 4.1
| easily understood what was required of me in @ns\y the problem 3.6
| was happy with the level of support provided taffsduring the PBL 4.1
| prefer to learn through conventional lectures 25
I would like to learn in this way again 4.3
PBL has made me better at knowing how to find aselinformation 3.8

on six matched responses show no significant iesult

TABLE |
CHANGE IN CONFIDENCE(1-5) FORLEARNING OUTCOMES

Learning Outcomes Changein  Standard Sig.p

(abbreviated here) Confidence Deviation * (p<0.05)
1 Image Perception -0.27 0.77 0.514
2 Cathode Ray Tube 111 0.97 *0.047
3 Liquid Crystal Display 1.21 0.94 *0.026
4 Moving Colour Image Quality 0.95 0.86 0.053
5 Projection Displays 0.89 1.05 0.125
6  Plasma Displays 1.00 1.04 0.085
7  Display Performance and Cost 0.79 1.09 0.187
8 Projected Market Share 1.04 1.27 0.139
Average for all Learning Outcomes 0.84 1.07 0.153

Notes: Independenitest for 8 pre and 7 post responses out of alpessi

Note: 8 responses out of a possible 9
Assessment

Comparing the results of the coursework assessaw@nts
the years (Table IV), including the year previoas the
introduction of the PBL exercise, show consistesutts for
the two PBL years. However these appear to be auntdgtly
higher (9%) than the non-PBL coursework, howevés ih
not statistically significantp=0.09).

If this difference were to be substantiated, itldobe
that the additional support provided by the groupetimgs
and the sharing of the research process amongsieéme
might be leading to an improved final report.
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summarised in Table V. There is a strong corrafatio during the introduction to PBL briefing. Taking board the

(Pearson’s correlation coefficient 0.84,p=0.18, N=7), this
suggests that the assessment is ‘fair’, that is, rirarks
reflect ability. The average coursework mark is &ver
than the exam mark, not statistically significapt@.17),
this might suggest better performance in the examd
greater familiarity with this method of assessment.

TABLE IV
SUMMARY OF COURSEWORKMARKS ACROSSY EARS
Year Mean Standard Number
Deviation
2004-05 — No PBL 57 17 16
2005-06 — PBL 65 13 8
2006-07 — PBL 67 13 10
All 3 Years 62 15 35
TABLE V
PAIRED COMPARISON OFCOURSEWORK ANDEXAM MARKS FOR2005-06
Assessment Component Mean StandardNumber
Deviation
Coursework 65 14 7
Exam 70 15 7

Note: Summary for students with both a coursewark exam mark only

So far we have considered the assessment in tdrthe o
marks that it has produced. The generally very fijgality
of the reports was reflected in the increased assest
marks. There is evidence in all the reports thatgtudents

point that the highest retention of knowledge cafnoen

teaching the subject and linking this with the sgimar
research findings stage of the PBL process, heluwded that
to gain the most out of this exercise he shouldthisepart of
the meeting to ‘teach’ the other team members aligit
findings.

Average
Retention
Lecture 5%
Reading 10%
Audio-Visual 20%

Demonstration

30%

Discussion Group 50%

Practice by Doing 75%

Teach Others/Immediate Use

FIGURE 1
THE LEARNING PYRAMID [10]

80%

This helped him in his mastery of the material pkel
the other team members in understanding his firsdizugd
also set the tone for the group meetings to beedylisharing
of ideas.

have engaged in a process of research, have made The experience of this was also shaped by someeof t

appropriate  selection of these findings
demonstrated understanding of the display techmedognd
the demands of the market through reporting thastheir
own words.

What does differentiate the reports is not the dgitey
research or understanding of the devices, but Kiléyato
integrate and synthesise this into a coherent tepdre
weaker reports show a less smooth integration efideas
and an over-reliance on the words of the sourcaexreme
example this year used substantial blocks of adeckdext
from source materials, the selection and strucgunivas
appropriate but did not lead to a coherent repodt missed
an opportunity to demonstrate their own understamndf the
subject.

Focus Groups and Observations

The participant observations and discussions frieenfocus
groups will be combined here to form vignettes bé t
experiences of the three groups that engaged inPile
exercise over its two years of delivery. It is met&ing to
reflect that all three groups were ostensibly ptedi with the
same stimuli: scenario; facilitation and learnimyieonment.
However, factors both internal and external to gneups
produce differing experiences. It seems to be awitable
consequence of this more student-centred and codtilze
approach to teaching and learning that these i@mmtin
experience will be more likely to occur. The groufs
internal dynamics and ownership of the learningobee a
central part of the learning environment. The eiqees of
the group and its members also become more exposed.
Group A, 2005-06 This group of five students included
a socially confident young man, who had been pagity
impressed by thkeearning pyramid [10] (Figure 1), presented

Coimbra, Portugal

and  havther members of the group. By chance, though plyssi

consequence of this group being formed from thé lof¢he
class, this group had a higher proportion of ‘sdara
attenders’. It should be noted that their sporatfendance
continued throughout the taught part of the coussewas
not a reflection of their attitude to PBL in padiar.
However, it was considered disruptive by the cocéva
members of the group, especially near the endeopthcess
when a group member who had been absent throughmstt
of the process reappeared and time was spent ibgirggr
up-to-date.

This group, particularly the individual mentionéabae,

was very appreciative of this PBL experience and

commended it as a way of learning. He would evéecta
module that used PBL over a conventionally taugbtiahe,
if they were comparable in other ways.

Group B 2005-06 This group of 4 students, perhaps
due to being formed from the front of the classtamed
members who were more diligent in their attendaand

engagement with the process. This group was made up

however, of more diffident students, who were ppshiess
confident about sharing their ideas and contrilguéihlength
to a group discussion. Whereas in group A the pymaode
of information sharing was through discussion,his group
information was shared principally through exchagqgi
literature. This group created a website, whereg fhested
documents and links to websites that they had foasich
group resource. The process this group followed twasad
and digest their shared findings prior to the nmggetin the
meetings, any decisions would be made very quigklya
business-like, consensual manner, but
discussion. They then found it difficult to use tiest of the
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meeting constructively. The facilitator found itffaiult to
draw out any discussion or debate, since all tisrieis
seemed to have already been agreed. The enerdg ieve
these meetings were a lot lower than those of gfkup

Despite these unpromising conditions, the group did

manage to keep in contact electronically, prindyptdrough
e-mail. There was discussion of using instant nggesgabut
it is unclear how much of this took place. The grou

This group appreciated the intentions of the PBLmanaged to collect some interesting and usefulress and

exercise, especially the group work and collabeeati
aspects. Some of them had previously been outameplent
and appreciated that the professional working emwrent
consisted almost entirely of teamwork projects. doear,
they felt that this was really only a small ‘tasté’PBL and
thought that they would benefit from greater expesto
collaborative, team-based projects, citing the Eifded
Systems Project, a team project that had recentignb
introduced into the second year as an example. graisp,
while supportive of the PBL exercise, felt thatythead not
had sufficient opportunity to gain the requiredliskto be
successful and felt dissatisfaction that they weswoé using
their team meetings productively. This suggestt thore
and different intervention from the facilitator wdube
beneficial to this group.

as described above produced generally high quaigrts.

This group found the PBL exercise an interestind an
different way of learning. They felt that they hiadrnt a lot
about the subject and particularly commented ongtioeip
research process as being an efficient way of atwes
variety of information, which would have been imgieal in
the same time constraints as individuals. Theydtitat this
was the first time they had done anything quites likis,
despite having done the team projects in the segead and
they were still learning about the process as wsllthe
content.

One student suggested providing a small PBL ex@rcis

as an introduction to the communications sectionthaf
module. This would allow the students to build wgme
background and context to the subject, which thelesits

Group C 2006-07 If sporadic attendance was an issuehad ownership over, in which to locate the morentjtative

for group A, it was more so for group C. With theeption
of a few core group members, there seemed to leretit
students attending each meeting. New students jwiiag
the module until near the end of the PBL exercismarily
because the course organisation allowed them tae rifer
final decision on options well into the second sstme The
group eventually consisted of ten students; howeatemost
six students ever attended a group meeting. Puitgtuas
also an issue for this group. Uncertainty about wbes
expected at a group meeting and when they wouideadid
cut into the productive duration of the team megdinThis
lack of continuity in group attendance and lack
commitment from the group members was frustratiog f
both the facilitators and the active members ofdgtaup. It
also added to the inertia experienced at the baginof the
process.

This group appeared a lot more hesitant and unsfure
themselves and how to proceed, and required a twem
direction and facilitation. For example, in thesfirteam
meeting, after a delayed start, the students wesere how
to address the problem and were reluctant to wlleach
other. One student helpfully suggested spendingestime
individually thinking about the scenario and makimagtes,
then they could compare notes later.
individual process went on a long time, despitengting,
leaving little time for group discussion. The magti
concluded with a general agreement that they walld
research the topic generally and report back in nbgt
meeting. This was probably the best decision thatgroup
could make at this time. However, it did contragiups A
and B, who had already identified potential tecbgas that
their companies might adopt and divided up specdijucs
for individual research by this stage.

aspects taught in the lectures and tutorials.

Two Chinese students commented that they felt at a

disadvantage in relation to report writing, due tteeir
language skills, preferring the numerical aspedtsthe
course. They did however feel that one of the thithgt they
were able to contribute to the group was findingrees of
information in Chinese and essentially translatingp the
group. This may be a useful means of empoweringidar
language students in group discussions more géneral
suggesting that they may be able to share resowiteshe
group that it may not otherwise have access tshduld be

ofnoted that the Chinese students in this group \ireguent

attendees and preferred to focus on the techratlér than
market aspects of the enquiry.

DISCUSSION

On the whole this appears to be a successful ingriéation
of PBL, well received by the students who have edrivell
to produce high quality reports. During the procgssimber
of issues arose concerning PBL as practised inctgext.
These will now be discussed.

Students’ reactions to this style of learning amyv

However, thiglifferent. Some students seem to take to it vertyrady.

Others find it difficult to understand what is exped and
how best to engage with the process. This can &e isethe
different reactions to the process in groups abdtées may
be a result of the students’ preferred learnintestgnd their
expectations of learning, based on their cultueakigrounds
and educational experience. This also has an impadhe
level of support and skills that the facilitatorsex to bring
to the process.

It is perhaps naive to expect students to spontefeo

Subsequent meetings were more productive, withgroudevelop the requisite process skills by simply jimg them

members bringing the results of their individuadaarch and
ideas generated prior to the discussion. This sdetoe
provide something more concrete to talk about aadeh
confidence in sharing.
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with an opportunity to do a PBL exercise. Consitlerais
required of how to appropriately facilitate a grdopdevelop
these skills, without taking control of the procdssm the
students.
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In the lectured version of this course, the lectwras
able to cover a wider range of issues in the tirhe.
consequence of moving to a PBL exercise has been
provide students the space to explore the topicereeply
at the expense of a narrowing of the topic.

It is of concern that during the PBL exercise amthieir
reports, the students avoided making numerical @ispns
between specifications of the different technolsgifalling
back on vaguer more descriptive statements. WHaagaf
comparisons were reported, they were frequentlyteglio
completely from their sources. Considering the oiusf
discipline it is important that they are able tqagach new
knowledge and make quantitative comparisons. Enigihgs
this aspect will be a focus of future years.

One of the issues that it was anticipated that RBLld
address was the motivation and engagement of tioests.
This was not the principal motivation for applyiRBL in
this particular context, but was considered to Ipetentially
beneficial ‘side-effect’ in the PBL project as aoldr The
active nature of PBL, requiring that students eegagthe
process for there to be any learning at all, aedaithditional
motivation from authentic problems suggestpriori that
PBL would improve the students’ motivation.

Our experience here would suggest that, for theestis

The experiences and reactions of the three groups
involved, captured through participant observatod focus
toups, were presented, drawing out principal diffiees in
their experiences.

A number of issues that arose from this experienees
briefly discussed, including: the different reantoof the
students to the PBL process; a reduction in thedihe of
coverage; a tendency for students to avoid qudintta
comparisons; and student motivation and attendance.

We would like to conclude that introducing EBL into
this module was a very worthwhile activity, whicloed
bring with it its own challenges and issues.
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