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Phenomenography is an area of research which focuses on identifying and describing the
qualitatively different ways in which people understand phenomena in the world around them.
Two units, structural analysis and traffic engineering, were selected for the purpose of under-
standing the various ways students relate to significant aspects of civil engineering. Integral to the
study was the use of student group discussions which were recorded and analysed. The findings
comprise descriptions of the different conceptions of learning held by students and lecturers in
relation to specific engineering phenomena and their implications for teaching enhancement and
curriculum development in civil engineering.

INTRODUCTION

IN ORDER to enhance teaching, and thereby
increase the likelihood of more effective learning,
it is essential to gain a better understanding of how
students learn. Phenomenography is an area of
research which focuses on identifying and describ-
ing the qualitatively different ways in which people
understand phenomena in the world around them
[1]. Underlying phenomenographic research is the
assumption that human beings are guided in their
action by interpretations they have constructed
of particular phenomena [2]). Phenomenographic
researchers share the conviction that improvement
of complex activities such as learning requires an
understanding of the interpretive nature of this
relationship.

This paper reports on the results of a phen-
omenographic study undertaken within the
School of Civil Engineering. After a brief dis-
cussion of the methodology used in the study, the
paper describes work carried out with a group of
third year students. Two topics from structural
analysis and traffic engineering units were
selected for the purpose of understanding the
various ways students relate to significant
aspects of civil engineering. Integral to the
study was the use of student group discussions
which were recorded and analysed. In addition,
the two lecturers concerned with the units were
interviewed in depth about teaching objectives
and techniques.
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METHOD

How students go about experiencing and under-
standing a particular phenomenon in the learning
context relates to how the learning task or context
is perceived by the students and to their under-
standing of what constitutes learning [3]. To
uncover students’ and lecturers’ conceptions of
learning, we collected and analysed data using
methods which have been successfully imple-
mented by various researchers in a variety of
phenomenographic studies.

To collect student experiences of learning, we
conducted what Russell [4] describes as synergetic
focus group discussions. In a detailed examination
of its suitability for phenomenographic enquiry,
Russell [4] concludes:

The synergetic focus group method described here
offers the researcher a variety of unsolicited concep-
tions through non-directed discussion. As lived
experiences related to the phenomenon are shared
by participants over an hour or so they explore
qualitatively different conceptions of the phenom-
enon. The diversity of the conceptions form the
categories of description which are the basis of
phenomenographic analysis [4, p. 13].

With respect to this study, the discussions were
carried out in the early part of first semester. In
the structural analysis case, the topic, ‘Method of
Moment Distribution’, a simple and popular
method for analysing structure, was chosen for
discussion. Two groups of seven students each
were formed to represent a cross-section of the
academic performance of the class. Each group
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was informed of the nature of the project and its
goals. They were then asked to discuss how they
learnt and understood the ‘Method of Moment
Distribution’. While the discussion was in progress,
it was video and audio taped.

A similar approach was adopted in the area of
traffic engineering in which two groups of six
students each discussed the way in which they
learnt the material covered in three lectures of
the third year unit. The topic of this three-lecture
unit is ‘Urban Transportation Planning’, with both
the methodology and techniques used to forecast
travel demand being covered. The main aim of the
unit is to introduce the concept of planning for
transport in urban areas. A secondary aim is to
expose students to the process involved and to the
analytical techniques used in urban transport plan-
ning. The unit is designed as an introduction to be
expanded upon in a final year unit. Most of the
students who took part in the Structural Analysis
case study also participated in these discussions.

Once transcribed, the discussions were analysed.
The approach is typical of phenomenographic
inquiry, particularly that of Marton [5,6] Svensson
and Theman [7], Dahlgren and Fallsberg [8] and
Sandberg [9]. Briefly, it involves:

e familiarization with the data by viewing the
video several times and comparing it for mean-
ing with the transcription from the audio tape;

e selection of statements significant to the focus of
the discussion;

e delimitation of parts representing conceptions
of significant aspects of the phenomenon. This
involved comparing significant statements in
order to find cases of variation or agreement
and grouping them accordingly;

e description of the similarity within each group
with the help of actual words forming the
significant statements.

The lecturers responsible for teaching the
‘Method of Moment Distribution’ and ‘Urban
Transportation Planning’ were also involved in
the study. Each lecturer was interviewed by an
impartial member of the research team who had
experience in conducting phenomenographic
research. The interviews were semi-structured
with the questions focussing on the lecturer’s
understanding of learning in the context estab-
lished for the respective student focus groups. On
conclusion of the interviews, the audio tapes
were transcribed, checked for accuracy by the
interviewees, and analysed as previously described.

The findings of the study involving students and
lecturers are presented in the following sections
dealing with the respective cases.

CASE STUDY I: STRUCTURAL ANALYSIS

1. Students’ Conceptions
From an analysis of the students’ discussions, we
identified two different ways in which learning in

structural analysisis experienced. Theseconceptions
are represented in Category No. 1 where learning
is seen as memorizing information specific to the
unit, and Category No. 2 where learning is seen
as understanding information specific to the unit.

Category No.1: Learning is seen as the memoriza-
tion of information specific to the
unit.

In this category, learning is seen in quantitative
terms as an accumulation of knowledge relevant to
what is required to satisfactorily complete the unit.
The focus is on the content given significance by
the lecturer. Through a certain amount of note-
taking, questioning, revision, and problem solving,
unit material is understood to be absorbed. This is
conveyed in the following statements by student
participants:

The problem that I have with them is that I haven’t
done enough of them.

We need to do ten of these things.

Yes, I think it is a case of just having to do some
examples.

While this conception is normally associated
with a passive understanding of knowledge trans-
fer, this is not so in this case. For example, learning
is viewed to be associated with the act of doing
problems. In this context, learning requires the
active participation of the student. Learning is
deemed to be effective when current problems
can be matched to those previously experienced.
It is assumed that once there is recognition of
similarity, relevant action can be automatically
taken, action which incorporates the mechanistic
application of appropriate methods in the correct
sequence. In some instances, such as where no
match eventuates a successful outcome is viewed
to be impossible without some basic understanding
of the character of the problem; an understanding
which allows for the application of principles in an
appropriate format.

Category No. 2: Learning is seen as understanding
information specific to the unit.

In this category, learning is viewed as appre-
ciating when to use particular analytical methods.
Here the focus is on the problem/theory relation-
ship; knowing what to use and when:

I want to know when you use the three on two factor.
Remember in our very first lesson, [the lecturer] telling
us how to balance intermediate joints only—right,
with your load you just take a guess and lock it at that
point and then you work out the left hand side of it
and increasingly rotate it until you balance that
joint. Work from left to right hand side by using the
thickness. Once you’ve balanced that joint then you
get the movements balanced either side very close to
each other...

1 think it would help if [the lecturer] actually explained
where that came from.
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Understanding is facilitated by adapting

information to suit personal cognition:
I find that if I try to think about it in class—to make
sense of it—then I make up my own notes. I don’t just
copy [the lecturer’s] notes from the board. No matter
how obvious it might seem at the time I still write it
down, so when I come back to it later on, I can find it
simple to remember the lecture and when you were in
the lecture.

Understanding is also facilitated by being able to
visualize the problem as a whole:

That’s like some of the subjects, you’re given work to
learn that is a small picture of a bigger picture. For
me, I can’t understand the small part unless I've got
an idea of overall where it fits in.

For some, understanding is facilitated in an
experiential way by attempting to relate things to
past experiences:

It’s like a roller. I've never seen a roller before and I
can’t understand how this thing rolls along and holds
the structure there.

For others, understanding is facilitated by being
able to discuss problems with other students:

I think that it is good to discuss this with each other. It
is different when [the lecturer] asks a question on a
one to one basis. It is not until you go away and talk
to other members of the class that you realize how
much you have understood.

and/or with the lecturer:

What I like about this subject is that the lecturers
are prepared to see you outside of tutorial time.
Quite often when you go to other subjects often run
by other faculties, they just don’t want to talk to
you, it’s just ‘go away’. You've got no idea what it’s
about anyway and you can’t follow the text book
and your lecture notes have come out of the textbook

anyway.

Generally, learning is facilitated by practical
examples:

I like to do the examples in class to get my confidence

up.

It’s not really the kind of subject that you can get out

of a book.

No, it’s a practical subject. I couldn’t just read a book

and then go and do it.

Unlike the previous category of description
where effective learning is understood in relation
to having in memory a store of examples to match
prospective problems, in this conception learning
is understood to be effective when the problem is
viewed in a way that suggests an appropriate
action. Here, the emphas:s 1s on conceptualizing
the problem rather than just looking for a match
from one’s store of examples. The conceptualiza-
tion is seen in various ways to be related to past
experience of related problems as well as to one’s
desire to appreciate the significance and value of
something. In this sense, effective learning is
viewed in relation to being able to successfully
apply theory in new situations.

2. Lecturer’s Conceptions

Unlike in the previous situation where the data
originated from several sources, in the situation
represented here the data came from only one
source—the lecturer. As such, the conceptions
were more easily discerned. Whereas the analysis
of student discourse revealed a less explicit under-
standing of learning as problem solving, in the
lecturer’s case, this was made very explicit. The
analysis also highlights the difference in the stud-
ents’ and lecturer’s conceptions. For the students,
their conceptions were bounded by the course
and its requirements, whereas for the lecturer, the
conception was defined by professional practice
and its demand for particular competencies.

Category No. 2: Learning is seen as understand-
ing information specific to the
discipline.

In this category, learning is understood as
developing a body of discipline-specific knowl-
edge. The knowledge pertains to the analysis of
indeterminate structures. Specifically, it entails
having a store of experiences comprising situations
where particular methods have been applied in a
particular way to a particular problem.

Learning is demonstrated ultimately by the
capacity of the graduates to use their knowledge
to resolve actual civil engineering problems:

When they go into the field they will be engineers and
before they can construct a building they have to
design it. And before they can design, they do what
we call analysis which deals with what kind of forces
act, what kind of deflections occur, and what kind of
members we are going to put in that building or
bridge.

Category No. 3: Learning is seen as developing
professional practice.

The emphasis on preparing students for the
‘reality’ of professional practice reflects a slightly
different understanding of learning to that con-
veyed in Category No.2. In this category, the focus
is on the use of ‘real life’ problems for student
practice.

What I am getting at is, surely there is some uncertainty
with anything in the world. How do you help students
cope with that uncertainty? (Question from the inter-
viewer to the lecturer)

A very good question, I think. Yes, definitely there will
be unforeseen circumstance, funny structures, special
cases. We discuss those when we study a particular
structure and its behaviour. We all discuss the variations
thatcan occurin either theloading or the structureitself,
due to an error in the construction of the structure;
what could go wrong; what could happen. So all these
possibilities are covered to enable necessary action if
this happens. Many situations are covered in this
subject, so that they can relate to real life situation;
to one or more of these. I can’t guarantee there will
not be something very different from what they have
done, but having had this background, they should be
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able to turn it around; to pick some of the types
covered in the subject and apply them.

Having lecturers who have had a variety of
professional practice experience is considered
vital to preparing students for practice:

So you can almost guarantee that the situations that

you present fo students in a learning context parallel

very closely situations in the real world?

" Definitely, because this is a special feature of the
School of Engineering. Every lecturer has worked in
the industry. They won’t take them here otherwise.
We have all got our hands soiled by working. When
we were there, we understood in a certain manner.
Now I'm here, I know the kind of thinking over there
and I train them towards it.

Overall, there is very little variation between
the lecturer’s conception and those of his students.
This is graphically illustrated in Fig. 1 which
organizes the various conceptions in what is
described in phenomenography as an ‘outcome
space’. In the case of the lecturer for example,
the organization is hierarchical in that learning as
understanding, is an aspect of learning ‘as devel-
oping professional practice’. The outcome space
represents the phenomenon as it is experienced in
its various forms. One difference is where the
lecturer’s intention to provide the students with
the opportunity to develop professional compe-
tence is not reflected in the students’ conceptions.
Some possible reasons for this are outlined in the
following discussion section.

3. Discussion

The variation between the lecturer’s conception
and those of his students could be explained in
terms of one or a combination of:

® The students are preoccupied with passing
examinations and completing the course. As
such, they are only prepared to adopt an
atomistic/surface approach to their learning.
An atomistic/surface approach is characterized
by a focus on parts independent of other parts
and by a reluctance to search for underlying
meanings.

® Contextual factors such as workload and per-
sonal commitments are restricting students to an
atomistic/surface approach.

® The students are experiencing difficulty with
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Fig. 1. The outcome spaces for learning the method of moment
distribution.

understanding some of the significant concepts
associated with structural analysis and are, sub-
sequently, forced to adopt an atomistic/surface
approach.

e Contextual factors such as course requirements
are restricting the lecturer in his development of
a learning environment that fosters holistic/deep
learning. A holistic/deep approach is character-
ized by an interactive movement between the
parts of a situation and the situation as a whole
and by the desire to understand the situation as
deeply as possible.

e The lecturer’s appreciation of professional
practice is too limited and limiting.

Despite the variation and the need to view the
situation with respect to the above factors, the
discussion highlighted various factors that were
understood by the students and the lecturer to
improve the quality of learning. These are
described in their respective subsections.

Learning in class

Most of the content material was addressed
during the lectures, which the students believe
were delivered at an easy pace. The students
appreciated the time given for questions and bene-
fited from discussions which normally follow such
questions. An important part of the learning pro-
cess was the application of the theory to solve real
world problems. This was achieved by discussing
examples during the lectures.

For this to be effective, the lecturer should
have practical experience. Relevance of the
theory to real world engineering was understood
to make the learning process more interesting and
efficient. At one point, the students diverged
somewhat to discuss the shortcoming in subjects
such as mathematics which were taught by non-
engineering lecturers who did not usually indicate
the applications of the theory. Overall, it is essen-
tial to illustrate applications of the method to real
life problems by the use of pictures and models
of structures. Learning and understanding can be
made easier and interesting with visual support of
this type.

The particular process followed by the lecturer
in the unit is: explain the theory, develop solution
processes, and then apply them to a series of
problems. The students then carry out independent
solutions to typical problems, either as home work
or in assignments, to enhance their understanding.
The lecture notes form a reference base to reinforce
theory when applying it to future problems in
structural analysis. When there are doubts or
lack of understanding, students are encouraged
to ask questions in class and to discuss further
the topic with other students. Most students make
additional points to lecture notes to assist them in
their learning. In this topic and in this unit, the
need to revise previous work before a lecture was
emphasized. When this was not done, the students
found it difficult to follow the lecture.
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Learning outside class

In this unit, it seemed that students preferred to
work in groups of about four. This enabled them
to complement and supplement each other’s
understanding and improve their overall learning
ability. Problem solving, as mentioned earlier, is an
important aspect of the learning process in this
unit and hence the students spent a great deal of
time working through problems. In their discus-
sion, it was apparent that the few examples dis-
cussed by the lecturer in class went a long way in
helping students with their problem solving. Some
students studied and understood the worked
examples prior to attempting problems outside
class, while the others started on the problems
and referred to the examples only when necessary.

Students had also to spend time at home reading
through the notes and/or the text books to learn
the theory. While doing so, they often encountered
difficulties. When this happened they approached
the lecturer in his office and discussed the difficult
areas with him. In this respect, the students appre-
ciated the availability of the lecturer to fill in the
‘holes’, when required. In a unit such as structural
engineering, this happened many times. Hence, it
is imperative that the lecturer is willing and able
to spend time with the students. This suggests
that it will be difficult and inefficient to have such a
subject taught by a part-time lecturer, who will not
be available to see the students when they need him
or her the most.

Need for understanding

Students’ understanding of the subject is
revealed by their performance in examinations,
by the questions they ask, by the answers they
give to questions and, to a lesser extent by, their
performance in tutorials, in which they can get
individual help. Without a fundamental under-
standing of this unit, it is not possible to perform
satisfactorily. Students who have not understood
the unit perform poorly in examinations, as under-
standing rather than memorizing facts is of pri-
mary importance. There are several steps in the
solution of a single problem, with every step
having a distinct meaning and some of the steps
being be peculiar to the problem at hand. In this
unit, the application of techniques is important,
not the ability to memorize facts.

The students solve several problems to enhance
their understanding of the ‘Method of Moment
Distribution’. Confidence in their ability grows
when students are able to solve problems correctly.
If the solutions are incorrect, the student should
revise the relevant theory and check their working,
prior to rushing for help.

Ability to apply the learning in industry (real life)

Students who perform satisfactorily in this
particular unit tend to perform equally well in
the real world. This is because the unit covers
theory, solution processes, applications to real
life problems and the interpretation of the results.

Due to its nature, it may appear that the unit is
taught in isolation - but its relevance in the whole
process of analysis, design and construction has
been emphasized at the commencement of the unit.

In the early stages of the topic ‘moment dis-
tribution’, the theory and the relevant formulae are
developed. This could be uninteresting to some of
the students who will find it difficult to relate
the theory to real life applications. It is usual for
students to show signs of boredom during the early
classes but later on they feel happier, as they can
see the relevance of the theory.

An engineer gains valuable experience with
time. It is possible that during his or her career,
an experienced engineer will have the opportunity
to observe that the behaviour of certain structures
is different to what was predicted during the
analysis and design. Unless that engineer has a
strong theoretical background, it will not be
possible to determine what has gone wrong in the
analysis and to modify the analytical model.
Experience alone will not be sufficient for this
purpose; it must be backed by theory.

Value of continuous assessment

Continuous assessment makes it necessary for
the students to learn progressively and to be in
touch with the work at all times. The weighting or
marks given to individual items such of assessment
is the motivating factor for students to learn and
understand. Problems in the understanding of
certain aspects of the topic or unit will surface
continuously and there will be the opportunity to
overcome these problems in stages as they occur.

Reference to prior knowledge

In order to develop the analytical skills neces-
sary for understanding the topic ‘Moment Distri-
bution’ or to understand other topics in structural
analysis, it is necessary to use techniques and skills
acquired earlier in the course. The students and the
lecturer need to draw from previous knowledge,
experience and situations.

Value of peer support

Understanding of a unit is made easier when
students get together and discuss the topics cov-
ered in class. They find that it is not until after the
lecture when they go away and discuss the topics
amongst themselves that they realize how much
they have or have not learnt.

Access to the lecturer

Even if the need rarely arises, lecturer should be
willing and happy to see students outside class
time. It is important for students to know they
have access to their lecture, if necessary.

CASE STUDY II: TRAFFIC ENGINEERING

1. Students’ conceptions
The analysis of the students’ discussion
revealed two different ways in which learning is
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experienced. These are represented by the cate-
gories: learning is seen as the memorization of
information specific to the unit (Category 1);
and learning is seen as the understanding of
information specific to the unit (Category 2).

Category No. 1: Learning is seen as the memoriza-
tion of information specific to the
unit.

In this category, learning is understood in terms
of memorizing what is likely to be covered in the
end-of-semester examination. Students with this
conception have a quantitative appreciation of
learning. The engagement is solely determined by
the amount and type of information needed to get
a particular grade:

Well, I find when it comes to exam time, you don’t

care about whether you understand it. You just want

the marks. Nobody wants to fail.

With their focus on the content, the students’
main aim becomes one of absorption which is
facilitated through note taking, summarization
and recognition of patterns:

That’s why for exams you have to go through all your
notes and summarize the lot. I mean that’s pretty easy
though. All you have to do is just follow the pattern.
Just learn the pattern and that’s it.

The salient features of this conception, then, are
as follows: learning is about absorbing unit-
specific content; it is achieved through a familiar-
ization of lecture notes and past examination
papers; and it is demonstrated through the ability
to regurgitate information specific to the unit.

Category No. 2: Learning is seen as understanding
information specific to the unit.

In comparison to the previous conception, learn-
ing in this category is perceived as understanding
rather than memorization. Here, understanding is
considered an integral part of remembering,
managing novelty and meeting the requirements
of professional practice:

It’s OK just putting the theory down, but until you
actually use it for something useful, it doesn’t mean
anything to you. It is much easier to remember when
it is meaningful to you.

Like the previous conception, the focus is on the
content specific to the unit and to civil engineering.
In this conception, however, the intention is to
understand the content through note taking, parti-
cipating in the lectures and tutorials, and working
through a variety of examples:

The notes aren’t just enough. You have to think
through it and practice it.

For an exam you have to be thinking broader than
just the notes you've got. The notes give you the
information, but you have to look wider for the exam.

While the focus in this conception is on the
content, the content is more in the form of
underlying principles and processes:

By going through an example like the matrix one,
does that then direct our study? Does that affect the
way we approach the exam? So, maybe, we would be
better not to do an example as such, but discuss the
process more and set an example which everyone tries
to learn how to do.

Despite this focus, there is still the preoccupa-
tion with passing the course and getting a job:

For me personally, I have learnt the process and I just
go with the process. It doesn’t matter how much you
understand because what counts once you leave here
is what marks you have and what personality you
have. Once you have a job, it all goes from there.

Generally, then, the accomplishment of learning
in this conception is demonstrated by the capacity
to apply what is taught in the various contexts
being examined.

2. Lecturer’s conceptions

Category No. 2: Learning is seen as under-
standing information specific
to the discipline.

In this category, learning is viewed as appre-
ciating information in a deep way, i.e. realizing its
value and significance so that it may be of use in a
variety of situations. The intention is for the
information to be intrinsically meaningful. In
part, this involves the acquisition of information
pertinent to the profession:

The main aim of the unit is to introduce the concept of
planning for transport in urban areas. A secondary
aim is to expose students to the process involved and
the analytical techniques used in urban transport
planning.
It also involves being able to see how things relate
to each other. From this understanding, learning is
facilitated by providing students with real world
examples, by adopting a questioning attitude in
one’s teaching, and by encouraging discussion and
practical problem solving experience:

I try to give real world examples to make the topic
relevant to students.

I ask questions (repeatedly) as part of the lecture, for
example, I stop talking and ask them to work in pairs
for five minutes to come up with some ideas for
solving a specific problem.

I set tutorial problems and work through them
afterwards.

Learning is demonstrated through the appli-
cation of particular techniques to specific transport
planning problems. The factors that influence
learning include: class size, time allocated to tutor-
ials, student motivation, and the time allocated to
the component:

The main factors in helping students to learn is class
size. It is also difficult to sort out problems in the
tutorial time allocated. Other factors include: student
motivation (This is not seen as a topic which is central
to their degree. Only a few will go onto specialize in
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transport); and, three lectures is a very brief segment
in which to introduce the topic.

Category No. 3: Learning is seen as developing
professional competence including
the capacity to learn.

While it is the lecturer’s ultimate intention that
students who elect to do the unit in fourth year
develop professional competence in the area of
transport planning, in the third year component
the objective is for all students to acquire a basic
understanding of the nature of transport planning.
With this experience, it is understood that students
will be able to make a more informed decision
about their course of study for fourth year.

In this context, then, the conception of learning
as developing professional competence is an ideal
one rather than a working one. It is ideal in the
sense, that while the lecturer values it as a
relevant understanding, it is not regarded as
being appropriate in the present situation.

Category No. 4: Learning is seen as personal change
in attitudes, beliefs and behaviour.

In this conception, learning is seen as personal
development as well as professional development:

I think learning is the acquisition of new knowledge
leading to personal development. It is also the
acquisition of the ability for critical thinking and
self-development. As a result, the teacher’s aim is
not to ‘put into the mind knowledge that was not
there before . .. but to turn the mind’s eye to the light
so that it can see for itself’ (Plato, The Republic)

Again this appears to be an ideal conception.
There is no evidence in the data that reflects this
as a working or enacted conception, although, it
is acknowledged that the lecturer’s approach to
teaching may be influenced implicitly by the
conception.

Comparing the lecturer’s and students’ outcome
spaces, it is evident that at one level there is a high
correlation between the lecturer and the student
with respect to their understanding of learning
(Fig. 1). It is also evident that the lecturer’s
aspiration for a higher level of learning is not
being realized by the students. In part, this can
be attributed to the fact that the traffic engineering
component represents only a small component
(three lectures) of the unit.

3. Discussion

The main issues to arise from the group discus-
sions can be conveniently categorized into three
headings, namely: the role of the lecture; learning
outside the lecture; and the role of assessment. A
summary of the issues raised by the students is
given in this section.

The role of the lecture
From the discussion, the students generally felt
it important that the material covered in lectures

relates to practical applications. The frequent use
of ‘real world’ examples is essential for three
reasons, namely: to make the material relevant
and therefore worth learning; to make the
‘theory’ fit into relevant applications; and to
reinforce the potential uses of the topic in a
future career.

In the case of urban transport planning, civil
engineering students find it difficult to relate the
material to a future career in their chosen profes-
sion. This is in spite of the fact that it is common
for transportation planners to have a civil engin-
eering background. However, at the third year
level, many students see themselves as structural
or other ‘mainstream’ civil engineering specialists.

On the issue of how much information should be
given out to students in the form of hand-outs, it
was interesting that most students agreed that
hand-outs should leave room for students to
make their own summaries of lecture content.
The use of hand-outs should be restricted to
more detailed flow-charts to save ‘note taking’
time. Students should be given the opportunity to
fill-in the ‘gaps’ during the lecture. Understanding
will be enhanced if notes taken during the class
are mainly students’ summaries of the material
covered.

The frequent use of questions by the lecturer is
useful in helping with the writing of notes during
the lecture. Students need to be able to ask ques-
tions either during the lecture or soon afterwards
(e.g. in a tutorial class). The lecturer’s approach to
classroom interaction has a significant influence on
how much students will learn in a subject. The use
of discussion as part of the lecture was strongly
supported.

Class size was considered important in learning
outcomes. Large classes were universally con-
demned as they discourage interaction with the
lecturer.

Learning outside the lecture

Discussion centred on the need for tutorial ses-
sions so that students could work in smaller groups
and applying what was taught in the lectures.
Students need to feel they can ask the ‘silly ques-
tions’, without feeling intimidated by the lecturer or
tutor. Each tutorial session should be related to the
lecture which just precedes it. Tutorial problems
should be short so that students know that they will
be able to solve them in the allocated time.

The role of assessment

The use of continuous assessment was preferred
by students as a means of obtaining feed-back and
hence improve understanding of the topic. Final
examination seems to play a large part in what is
learnt, as well as with respect to the learning
process itself. In this particular topic, students
appear to be almost totally driven by the final
examination. Traffic engineering is not part of the
‘core’ of civil engineering disciplines. Therefore,
students may be more inclined to look upon it as
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Fig. 2. The outcome spaces for learning urban transportation
planning.

interesting but not essential material for a future
career. This may partly explain their almost total
focus on assessment as the driving force behind
learning effort and process. However, the group
discussions suggest that assessment-driven-learn-
ing is widespread. For example, one group dis-
cussed at length the fact that the entire course is
not structured in a way which is conducive to
learning (‘we learn to get marks, not to understand
it’). The time pressure means that what is not
assessable is not learnt, and what is learnt is done
to maximize final marks.

CONCLUSION

In summary, the study identified three different,
yet interrelated, ways in which learning was con-
ceptualized by a group of civil engineering students
and two of their lecturers. At the most fundamen-
tal level, the students saw learning as acquiring
knowledge for the purposes of getting a qualifica-
tion and securing employment. Consequently,
when there was little perceived relevance, as with
some students in Case 2, they adopted an atomis-
tic/surface approach to learning. This was char-
acterized by an emphasis on the content to be
assessed and by a concentration on the literal
aspects of the tasks. Where the students were
involved with content more directly in line with
their expectations, as in Case 1, their learning was

more holistic. Within this deeper frame-of-refer-
ence, they focused on relationships and the ‘reality’
of the situation. This second conception of learn-
ing as understanding is exemplified in the follow-
ing extract from the students’ discussion:

That’s like some of the subjects; you're given work to
learn that is a small picture of a bigger picture. For
me, I can’t understand the small part unless I've got
an overall idea of where it fits in.

For both lecturers, this was the approach to
learning that they sought to encourage. In general,
the lecturers’ saw learning as acquiring knowledge
for the purpose of being able to act in a profes-
sional (expert) manner. With this conception,
teaching focused on the content related specifically
to the discipline. Through note taking, questioning
and revision, and problem solving, discipline—
specific information was understood to be
absorbed. Learning in the context was viewed to
be effective when the information absorbed was
appropriately applied to various ‘real world’
problems.

In conclusion, the study highlighted the neces-
sity for lecturers to understand the factors moti-
vating students to learn. The overall approach
adopted by most students was shown to be related
to their expectations of their role in the discipline.
With the emphasis in teaching on active learning
using ‘real world’ examples, students were able to
adopt a deeper approach to learning.

The study also highlighted other factors which
supported a deeper approach to learning. These
included: the need for the lecturer to be available to
answer questions either during the lecture or after-
wards; the need for ‘note taking’ by the students
themselves during the lecture, and hence the
requirement that lecturers provide the opportunity
for this to occur; and, the need for lecturers to
consider more closely the impact of assessment and
workload on student approaches to learning.
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