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Problem-Based Learning in Communication Systems:
Student Perceptions and Achievement

John E. Mitchell, Member, IEEE, Brian Canavan, and Jan Smith

Abstract—The paper presents a curriculum design for, and
subsequent evaluation of, a communications systems course using
problem-based learning (PBL) as the instructional methodology.
It details the rationale for implementing PBL as well as reporting
intended learning outcomes and assessing the students’ achieve-
ments.

Index Terms—Communication engineering education, educa-
tion, electrical engineering education, electronics engineering
education, problem solving.

I. INTRODUCTION

R EPORTS published by industrial bodies and professional
institutions highlight the need for universities to equip

graduates with personal and transferable skills to prepare
them for careers in engineering; see, for example, [1] and [2].
An early example was the report produced by an Industry
Working Party formed by the Institution of Engineering and
Technology—IET (formerly the Institution of Electrical Engi-
neers, IEE). This report emphasized the need for engineering
graduates to be able to engage in lifelong learning and be
highly proficient in problem solving, communications, and
team-working skills. In response to this report, three U.K.
universities (University College London (UCL), University
of Manchester, and University of Bristol) supported by the
IET sought funding to pilot problem-based learning (PBL) to
strengthen student attainment in these areas.

This paper reports on curriculum development within one of
these universities and presents student perceptions and external
evaluation data after four years of running the course.

II. MODULE DESIGN RATIONALE

Electronic engineering education in U.K. higher education
has remained largely conventional [3] in the face of many
changes in student and employer expectations [4], [5]. The
drive to diversify outcomes from a traditional electronic engi-
neering degree program led to an investigation of a range of
approaches to curriculum design and delivery. PBL emphasizes
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transferable skills development alongside disciplinary content
coverage and, therefore, is one approach to satisfying the
multiple demands now made of undergraduate education.

Designing PBL courses can be challenging as lecturers in-
tegrate subject material, transferable skills, and new teaching
methods. A guiding principle comes from focusing on what stu-
dents are expected to know or do on completion of the module.
Once such objectives are defined, a range of activities can be
considered that allows students to progress toward the preferred
outcomes. These activities should be designed to build on stu-
dents’ prior learning and experiences and should be directly re-
lated to the assessment objectives in a constructively aligned
way [6]. With this alignment in place, consideration can then
be given to the appropriate range of relevant material that needs
to be included in the course design and resources.

III. IMPLEMENTATION MODEL

There are many models of PBL implementation [7].
Sections IV–VIII highlight three major choices that must
be made when implementing this approach: how much of
the curriculum will be changed, the topics that constitute the
new curriculum, and assessment methods. Based on [8], the
approach taken was that of a “single module” mode, where PBL
is dropped into a predominantly traditional lecture-based syl-
labus. This is a cost-effective approach in terms of resourcing,
but can lead to conflict as students are asked to move from
one learning paradigm to another. As is shown in [8], teaching
can still be delivered conventionally before students progress
to problem-solving activities (a form of project-based learning
[9]). In other models, the conventional teaching resource is
withdrawn completely and replaced by a “pure” PBL approach,
the model adopted in the study reported here.

The elective course in which PBL was implemented was a
third-year, Communication Systems II module that runs over
one term (12 weeks) and had, until the 2004–2005 academic
session, been delivered conventionally through lecture and ex-
amination. Historically, the course has focused on communica-
tions system/applications, drawing on the fundamental concepts
taught in the first-year Communications Systems I module and
the second-year Optoelectronics module. These attributes made
it an ideal candidate for instruction through PBL, allowing stu-
dents to develop new skills and acquire new knowledge, but
building on a framework of familiar concepts.

No formal lectures were planned or delivered, except for
one introduction session and some instruction on literature
searching. This differs from some other approaches that have
also been termed PBL [7]. The main form of staff contact was
through time-tabled Facilitation sessions, amounting to 2 to

0018-9359/$26.00 © 2009 IEEE

Authorized licensed use limited to: University College London. Downloaded on May 07,2010 at 11:05:11 UTC from IEEE Xplore.  Restrictions apply. 



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

2 IEEE TRANSACTIONS ON EDUCATION

TABLE I
SUMMARY OF PROBLEM BRIEFS GIVEN TO STUDENTS

3 h a week, with a loading bias toward the beginning of the
problem cycle. The students worked in small groups of five or
six formed through a combination of staff and self-selection.
During the course of the term, the groups were presented with
four problem briefs, ranging from two to four weeks’ duration.

IV. CURRICULUM

The second decision relates to selecting appropriate topics
and skills for the new curriculum. Existing syllabi may need
rationalization to give sufficient time to the additional skills
agenda. In this study, some rationalization of the curriculum did
occur, and the transferable skills element was expressly articu-
lated as an integral part of the course. The reasoning for the spe-
cific curriculum development decisions are explored more fully
elsewhere [8], [9]. The eventual module design comprised three
distinctive areas of communication systems: radio, digital and
optical, and the relevant transferable skill set. The parameters
for writing the problem, or trigger material, were then extracted
from this high-level design. In addition, a set of generic skills
were identified as:

• Criticality—Working with incomplete information.
• Creativity—Innovative solutions.
• Problem solving—Locating and reframing problems in the

wider context.
• Academic development—Oral/written communication, in-

formation-handling skills.
• Personal and professional development—Teamwork, time

management, collaboration.
Table I demonstrates how these were formed into the four

problem briefs. Trigger material was developed to provide cov-
erage of a set of technical knowledge areas and a broad range
of key skills. In terms of engineering-specific skills, problems
increased in coverage over time, with early problems expecting
only literature evaluation skills, while the last problem expected
all three skill areas to be addressed. These skills were specifi-
cally identified in the assessment criteria for each problem. An
example of the trigger material used in this final problem is
given below and in Fig. 1.

MEMO: Request for Tenders; Customer Access System.

We are bidding for a contract to build a system that will
offer an end-to-end solution to transport data from cus-
tomer access points to a central office site. The system
will use existing multiplexer units, but you are required to
specify optical interconnects that are required between the
various units. You are required to design three optical links
(details below). The optical link is defined as only the op-
tical components; design of the electrical driving circuitry
is not required.

Link 1: Customer Units output a signal at the STM-1
rate. These signals must be connected to the level 2
multiplexer unit over an optical link of a maximum
length of 10 m. Many of these may be together in the
network cabinet on each floor.
Link 2: The level 2 multiplexers output signals at the
STM-4 rate and are connected to level 3 multiplexers
in the basement of the customer premises, which is a
maximum distance of 500 m from the level 2 multi-
plexer.
Link 3: The central office will take signals at the
STM-64 rate from the customer site to the central
office up to 80 km away.

This is a competitive tender, so proposals should make
efficient use of the components chosen and demonstrate
that a capacity upgrade of the link 3 section is possible to
meet future customer demands. You may assume that our
multiplexers are lossless and noiseless.

V. ASSESSMENT

The third major decision related to the methods of assess-
ment used. De Graff highlighted the considerable impact that
assessment has on the PBL process and suggested that expo-
nents of the approach develop assessment methods that promote
intrinsic motivation and reward processes as well as outcomes
[10]. This is a departure from a common model of assessment as
purely a form of summative evaluation of student attainment. To
achieve the dual aims of motivating students and rewarding di-
verse contributions to open-ended problems, while providing a
rigorous and defendable framework for grading, portfolios were
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Fig. 1. System specification given to students.

used, incorporating a two-stage submission process. At the end
of each problem, problem solutions were submitted for forma-
tive feedback including indicative grades. Summative assess-
ment occurs at the end of the program when a complete set of
(revised) group problem solutions are submitted along with an
individual narrative detailing the contributions and individual
achievements of each student. This introduced two new con-
cepts to students. The first is the use of directly relevant feed-
back. Frequently, feedback is given during a course of study,
but much of it is post-grading, where it is often ignored, or diffi-
cult to translate to subsequent assessment. The second new chal-
lenge was the reflective narrative that presented a very different
written style to those commonly required of students. It also pre-
sented challenges for staff, in particular in evaluating the skills
elements. Here, guidelines produced by engineering accredita-
tion bodies can be useful, but the professional experience of the
staff member involved was found to be most important.

VI. EVALUATION

There can be a tension between high academic standards and
what is often termed the “economic imperative” of a transfer-
able skills approach. This difficulty can lead to dissatisfaction
by all stakeholders if it is not clear what has been achieved. It
is important to clarify learning objectives and assessment re-
quirements in relation to skills and knowledge. At the beginning
of this curriculum development process, very few examples re-
lating to electronic engineering could be found in the literature
to use as a template, although a number of case studies have
emerged in the last few years [11], [12]. Without such exemplars
showing the strengths and weaknesses of PBL, it was difficult to
determine how success might be defined and measured. It was
important, in the context of the single-module implementation
model, that appropriate plans were put in place to measure the
effectiveness of the PBL approach.

In order to satisfy those stakeholders with an interest in
the highest academic standards, and those with a focus on
enhancing graduate skills, two approaches were taken to eval-
uation: one strand focused on staff and institutional concerns
[8], [9], while the second identified and measured student
achievement. This second level of activity was carried out by
an external evaluation team, and the results are reported in
Section VII. In this section, key lessons are summarized for
staff considering implementing PBL, followed by the students’
perceptions and achievement.

A. Staff Perceptions

To experienced professional engineers, a wide range of tasks
with relevant real-world applications appear to be suitable for
use as trigger material. However, although many of these would
make excellent term-long projects for students, short timescales
and tightly defined learning requirements demand very careful
design of the problem material. To adequately cover the topics
specified, in both appropriate breadth and depth, is often the
most challenging part of the design process, with either being
relatively easy to cover individually, but achieving both being
difficult to do within a single problem. Strategies such as the
three-part problem described above or providing sample sys-
tems to be analyzed and refined both work well to get coverage
of a topic, where a simple design exercise might see the group
very quickly focus on a single system type. Also staging prob-
lems can be useful, with milestones set for specifications or ad-
ditional information provided to alter the focus of the groups.

A point of particular interest, the significance of which was
overlooked at first, is the impact that the language used to de-
fine the problem has on the way students interpret what is being
asked of them. Terms that many may use interchangeably can
alter the students’ perception of the problem significantly. In
early problems students would home in on the known terms and
seek to capture as much information as possible, with important
concepts being overlooked if not expressed in familiar terms.

For most staff, the change in role from instructor to facili-
tator is a difficult transition to make. In particular, facilitating
open-ended problems is often hard, where the goal is to enable
learning and problem solving without guiding the students to-
ward a “right answer.” Although no model answers where pro-
posed when problems were set, some simple calculations were
obviously completed on a possible solution to check that the
problem was tractable. In this study, post-doctoral researchers
assisted with facilitation. Deliberately, these facilitators where
given no prior sight of the problem specification and, there-
fore, only benefited from increased engineering experience. Al-
though they were researchers in the communications area, they
were not expected to be experts across all the areas covered. This
worked well by enabling facilitators to assist groups in applying
a range of approaches rather than offering targeted guidance that
inadvertently undermines students’ problem-solving efforts.

B. Student Perceptions

Toward the end of the PBL module, each participating student
was asked to complete a questionnaire that asked about their per-
ceptions of PBL and explored some of the issues encountered
during the module. This was supplemented by a number of focus
groups intended to provide a deeper insight into the issues en-
countered. A total of seven student focus groups were conducted
over a three-year period. The questionnaire was also adminis-
tered over the same three years, with a total of 53 responses
gathered from participants. The findings discussed in the fol-
lowing sections are based on combinations of data obtained via
a number of methods employed over the course the evaluation.
In total, these included staff interviews, participant/nonpartici-
pant observation, as well as the measures already outlined. Stu-
dent comments have been used to exemplify various phenomena
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as they emerged from the data. While some of the methods em-
ployed in the evaluation demanded an interpretive approach to
the data, the authors have sought to triangulate findings across
multiple methods in an attempt to ensure reliability of the claims
made in the discussion.

The results obtained from the questionnaire, shown in Table II
indicated that the students were generally well disposed to PBL.
However, discussion with them during the focus groups indi-
cated that recognition of positive attributes appeared somewhat
begrudging due to what was perceived as additional burdens in-
herent in PBL. The questionnaire data was compared over the
three years of the evaluation to establish its reliability and to
assess any major shifts in perception. There was a remarkable
level of consistency observed over the three years, with mean
values remaining relatively stable from year to year (Fig. 2).

It was clear from the responses gathered that the shift from
what was a largely transmission-based model of learning to a
problem-based approach took some getting used to for many of
the students, particularly in relation to time management and in-
formation handling and filtering. The gathering and critical ap-
praisal of information associated with PBL promoted a degree
of insecurity among many of the students during early prob-
lems as they acclimatized to the new approach. It became ap-
parent that many of the students considered PBL from a very
strategic perspective, which was largely driven by their level of
confidence in being able to successfully achieve the learning
outcomes outlined in each problem brief and ultimately with
the final grade that they hoped to achieve. During a number of
the focus groups, participants expressed feelings of insecurity,
which largely appeared in the form of grade anxiety, a phenom-
enon that has been recognized in other studies of PBL [13], [14].
This could be attributed to the fact that students were attempting
to map their tried and tested approaches to learning based on
final examination to a new and more open-ended approach.

Further evidence of the kind of strategic thinking employed
by many of the students was observed in their responses to the
questionnaire statement “I prefer to learn through conventional
lectures.” The large proportion of students who responded “neu-
tral” to this statement may indicate that they were somewhat
torn between the intellectual and time demands associated with
PBL and the acknowledgment of certain intrinsic benefits as-
sociated with the approach. This view is supported by student
comments taken from two of the focus groups, which exemplify
the more general student view. One student who observed that
PBL had provided her with a very different learning experience
to that encountered during conventional lecture-based modules
characterized the conflicting feelings exhibited more generally.
She candidly pointed out that she would have typically concen-
trated her study toward the end-of-year exam during conven-
tionally taught modules, knowing this to be a very strategic ap-
proach, while also recognizing the benefit of PBL by asserting
that “with PBL I’m actually learning to understand it (theory)
better because I’m having to apply the knowledge.” Another
highlighted the shift in approach to the need for greater discrim-
ination in the information gathered: “You had to sort through
information to find what was relevant to you.”

Unsurprisingly, time management proved to be a major issue
with students who overwhelmingly agreed that a problem-based

approach took up more of their time than traditionally taught
courses (96% agree/strongly agree). While teaching staff were
generally content that the amount of time required to complete a
given problem was consistent with their own notional workload
guidelines, the students felt that they were required to invest a
disproportionate amount of time on PBL compared to the com-
mitment required for a traditionally taught module. This was
perhaps the most common point of discussion during the focus
groups, with students estimating that they were spending be-
tween 10 and 15 h per week on PBL-related activity, a figure
that they regarded as being significantly higher than time spent
on an equivalent traditionally taught module.

Apart from the issues of time and approach, students also ex-
pressed concern over group work and assessment requirements.
The dynamic within a group can have a major impact on the
learning experience of individual students [15]. Few students
had previous experience of working in groups, and while a small
number expressed reservations about the equity and fairness of
group assessment, they overwhelmingly regarded working in a
group as a positive experience that they felt was very relevant to
them in their future careers.

It was clear from observational and focus group evidence
that a PBL approach demanded more complex approaches to
communication and information management from the students.
This included the use of e-mail and mobile communications as
well as the University’s virtual learning environment. The need
to share the gathering, analysis, and dissemination of informa-
tion was new to most students, demanding a fair degree of so-
phisticated project management and communication within and
sometimes between groups. It also demanded that they found
ways in which they could operate effectively outside time-tabled
facilitation sessions. One student comment provided an inter-
esting insight into the shift in learner engagement and mind-set
that can be achieved through the introduction of PBL: “Even
when we didn’t have a meeting arranged, we’d end up talking
about it (PBL) anyway.”

It also emerged over the course of the evaluation that po-
tential employers were rather well-disposed to the skills de-
veloped through PBL, as recounted by a number of students
who had participated in interviews or work placements with var-
ious employers during which their experiences of PBL had been
discussed. It was clear from these discussions that employers
placed significant value on the generic skills developed by PBL,
such as teamwork, problem solving, and communication skills.
This recognition acted as an important validation factor for the
students, allowing them to reflect upon the relationships be-
tween what they were learning and the methods employed and
how these related to their future employability.

One particular student recounted the positive response he had
received from potential employers during a number of inter-
views for various engineering internships when he discussed his
PBL experience: “Some people were quite surprised because
they were not aware of such teaching methods in engineering
degrees.”

VII. STUDENT ACHIEVEMENT

Student assessment scores were analyzed over a seven-year
period in order to determine whether there was any observ-
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TABLE II
PERCEPTION QUESTIONNAIRE RESPONSES �� � ���

able difference in attainment between the conventionally taught
module and its PBL replacement (Table III). It is important to
note that no direct comparison is implied. The nature of the as-
sessment regime changed radically from the conventional to the
PBL course, so drawing conclusions from a direct comparison
of the raw marks is not reliable, but the data are presented here
to summarize student achievement. However, other features of
the assessment and evaluation, reported below, are notable.

The comparison of results shown in Table III (average exam
grade pre-PBL and average portfolio mark for PBL) indicates
a slight upward trajectory in the mean assessment score from
the conventional to PBL module, although with the exception
of the 2003–2004 session, this was within a single grade band
(less than 10%). More significant was the complete drop-off in
student failure rate from a mean of around 18% over the three
traditionally taught years to zero for the subsequent four PBL
years. While it was clear that the introduction of PBL elimi-
nated failure entirely on the module, it did prompt a degree of
reflection among participating staff in relation to the methods
of assessment employed and their ability to effectively assess
the desired learning outcomes. There is no doubt that the shift
from a purely summative end-of-year examination to the use
of assessment tools that rewarded the problem solving process

and collaboration, and introduced elements of continuous and
formative assessment, contributed significantly to the elimina-
tion of failure. The authors recognize that striking the correct
balance between assessment of subject knowledge and generic
skills may require some further work based on these findings.

The inclusion of a 10-min oral examination (viva) in the
assessment regime demanded a significant investment of staff
time, but proved useful as a form of assessment that demanded
a holistic approach to problem solving among and between
student groups and promoted the assessment of process as
well as outcome. A comment made by one of the students
during a focus group highlighted the effectiveness of the viva
in developing a shared learning experience despite the fact that
it was accompanied by a degree of insecurity:

“I think that is a bit of a problem because there are bits of
the problem that someone wouldn’t know…but we’ve got a
viva. That means that everyone needs to know everything;
so at the moment I don’t know every bit of what everyone
has done, but I think that by the time the viva comes round
I’ll have to make an effort to find out what’s going on.”

A pre/post-intervention confidence log was administered to
participating students during the 2004–2005 and 2005–2006
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Fig. 2. Comparison of questionnaire responses.

TABLE III
STUDENT ATTAINMENT AND FAILURE RATE—COMPARISON OF PRE-PBL AND PBL MODULES

sessions to evaluate individuals’ perceptions of their progress
over a number of topics covered by the module (Table IV).
Identical logs were completed at the start and end of the
module. A total of 28 students completed both logs, fewer than
had been anticipated perhaps due to the fact that the logs were
administered online. While the logs themselves do not provide
the study with an objective measure of learning, their strength
lies in their ability to provide a platform for student personal
reflection and judgment of their learning based on the topics
covered by the module. The results for the sample showed an
increase in mean confidence for each of the topics covered.
While this increase was somewhat modest for a number of the
topics, the post-PBL log results did indicate that the students
had moved toward the “somewhat confident/confident” catego-
rization, with the exception of one topic that remained within
the “not very confident/somewhat confident” category. Overall,
confidence levels increased from a mean value of 3.46 to one
of 2.50 across the 11 topics. It was clear from the pre-PBL
confidence log results that the students had a fair degree of prior
knowledge of some of the topics covered, which to some extent
accounted for the modest increase in overall confidence. During
the focus groups, students’ comments relating to confidence
largely revolved around their ability to discriminate effectively

between various forms of information and ensure that they
were able to complete the assessable outcomes successfully. In
this regard, confidence was observed to be very much related
to achievement, highlighting the need to ensure that assess-
ment methods promote learner confidence by recognizing the
multiplicity of solutions available for a given problem.

VIII. DISCUSSION

Wenger’s assertion [16] that the institutional view of learning
is still one that is largely defined by individual endeavor, where
collaboration is seen as subversion and where the process is
driven by teaching, is one that will no doubt resonate with many
who have striven to develop new and innovative ways to pro-
mote learning. With this in mind, the introduction of a problem-
based approach to learning and teaching can be demanding in
terms of faculty and institutional support. However, the devel-
opment of a curriculum that is sensitive to the issues discussed
in this paper can prove very rewarding for both staff and stu-
dents alike.

The argument for approaches that promote collaboration
among learners and offer a rich contextualization of theory
through process-driven application is a seductive one. This
highlights the benefits asserted by Pask in his seminal theory
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TABLE IV
COMPARISON OF MEAN VALUES OF STUDENT CONFIDENCE PRE/POST-PBL

�� � ���

of learning as a conversation between participants, where
knowledge is gathered and shared among communities of

learners [17]. The sharing of knowledge among group members
was widely observed; however, it was clear that the students
required time to acclimatize to the new approach. When they
were asked during one of the focus groups how they managed
individual topics and tasks associated with a given problem,
some students expressed a lack of confidence in their ability
to engage with the problems in a holistic sense. This was
largely attributed to their delegation of tasks to individual
group members accompanied by a perceived lack of knowledge
transfer between individual members. This phenomenon was
exemplified in one student’s comment on the management of
tasks during one particular problem:

“They are quite different tasks, so if some person is doing
something completely different to you, there’s no reason
why you should sort of learn it.”

The learning environment played an important role in pro-
moting collaboration within and between groups. The provision
of a number of whiteboards for student use during time-tabled
sessions allowed collective engagement in the problem-solving
process and shared information and progress between different
groups, promoting teachback as individual students explained
information that they had added. This approach also promoted
a more holistic understanding of a given problem, as groups col-
lectively used the facilities to test information and theories gath-
ered at an individual level, and can go some way toward encour-
aging collaborative learning.

IX. CONCLUSION

From the results of this study, it is concluded that the PBL ap-
proach can be highly effective in encouraging the development
of the transferable skills that are valued by employers. In partic-
ular, staff observed students becoming adept at group working
and enhancing their communications skills by engaging in the
practices associated with PBL. More traditional curricula do not
necessarily provide this kind of development that is clearly ap-
preciated by the students as relevant and helpful for their future
careers. As the pressures increase to redesign courses to reflect
employer engagement and concerns, PBL can be an appropriate
vehicle to ensure adequate attention is paid to both curriculum
content and the processes by which students become effective
lifelong learners. However, it is noted that problems need to
be carefully constructed if students are to achieve a balance of
broad topic coverage with in-depth analysis.

While the authors caution against direct comparison of
assessment scores, due to the very different nature of the
assessment regime from the traditional to the PBL model,
the enhanced achievement is notable. Perkins [18] suggests
that both engendering motivation in learning and especially
developing the ability to deploy what he terms “proactive
knowledge” should be a goal of contemporary higher ed-
ucation. By eradicating failure on the module through the
radical redesign of assessment methods and practice, which
placed greater emphasis on formative, group, and process-re-
lated assessment, it is suggested that student motivation may
be enhanced over time. The opportunity to use the subject
knowledge gained in the module actively and to apply it to
a range of challenging problems is more likely to encourage
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such proactive deployment in ways that traditionally taught
and examined curricula cannot. The move from traditional
unseen examination to a balance of formative and summative
assessment gives students a positive sense of their achievements
during the course of study while they still have the opportunity
to address any weaknesses.

If student achievement, through acting on feedback from for-
mative activities, is greatly enhanced, and given that PBL en-
courages the development of transferable skills, there is also the
potential for students to recognize a further significant benefit
for their future development. By being provided with “non-ex-
pert” facilitation rather than direct teaching, students can begin
to appreciate the contingent nature of knowledge and the ben-
eficial processes of collaborative learning, including with their
tutors, in the style of Pask’s conversational framework.

Overall, both staff and students recognized PBL as a re-
warding experience. However, it must be noted that, for
students, the uncertainty introduced by problems with no single
solution and the need for interpretation leads to anxiety, while
the loss of precise control of direction, the need for careful
use of language, and the development of appropriate problem
staging can lead to similar anxiety in staff.
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