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A project has been undertaken to establish the effectiveness of a student-centred learning approach
to teaching students applications of Critical State Soil Mechanics taught more transmissively in
lectures, and to determine whether such an approach significantly enhances learning of the theory
itself. The project was undertaken as part of the new Postgraduate Certificate in Academic
Practice at Nottingham University. A teach-yourself handout has been created, whereby students
`teach themselves' applications of the fundamentals, and it is found that by this approach, the students
appear to learn better both the theory and the applications, developing high-level cognitive ability.

INTRODUCTION

THE AIM of this research project was to examine
the effectiveness of a student-centred learning
approach to teaching some applications of a very
theoretical subject, namely Critical State Soil
Mechanics, which is the subject of `Advanced
Soil Mechanics', a ten-credit module offered to
third and fourth year undergraduates in Civil
Engineering at Nottingham University (students
must take 60 credits of modules in each of two
semesters). The project was undertaken in the
second semester of the 1998±99 academic year, as
part of the new Postgraduate Certificate in
Academic Practice at Nottingham University,
which has been introduced primarily for new
academics to provide them with a route to
membership of the new Institute of Learning and
Teaching. Critical State Soil Mechanics is not
offered universally throughout British universities,
and is often seen by the geotechnical industry as
being too complicated to learn, and of limited use.
Although it is true that the subject is complex, the
perception that it is not useful is not true, and is
due to ignorance, and in this project students are
encouraged to teach themselves useful practical
applications of this theory. This will be of great
benefit to those who decide to become geotechnical
engineers in the future, but of no less use to those
who don't; the nature of the subject is such as to
develop high level cognitive ability.

In previous years, students were asked to calcu-
late stress changes and resulting deformations
beneath a foundation. Problems with this previous
coursework (according to previous lecturers) were
that the analysis was over-simplified, the students
did not understand the project, found the project
too difficult, and did not learn from it. On the
advice of the previous module lecturers, I, as the

new lecturer of the module, decided to give the
students several smaller tasks which illustrate the
applications of the theory taught in the lectures. I
therefore designed a `teach-yourself document' to
help the students learn more effectively how to
apply the theory of Critical State Soil Mechanics to
a wide range of unseen problems.

It is essential when helping students to learn, to
specify clear learning objectives. These learning
objectives are for the benefit of the students, and
it is important to be clear which type of behaviour
is being addressed (cognitive, psychomotor or
affective domain), the level at which it is being
addressed, and the conditions under which the
objectives should be satisfied. For this coursework
on applications of Critical State Soil Mechanics, it
was desired that with the use of the lecture notes,
students would be able to: formulate a number of
relationships describing the behaviour of soil
elements, analyse the stability of a shallow founda-
tion under short and long-term conditions in
normally consolidated and overconsolidated soils,
and critically assess the Law laid down by the
Health and Safety Executive that unsupported
trenches should be no more than 1.2 m deep.
These are high level (problem-solving) cognitive
tasks. Ten percent of the overall module marks
were available for the coursework. In order to
assess the effectiveness of the project in helping
students learn, a number of methods were used,
namely a feedback questionnaire, the resulting
coursework marks and the examination marks.
There were fifteen students in the class.

FACILITATING STUDENT-CENTRED
LEARNING

Research on learning no longer supports a
transmissive style of lecturing [1]. It has been
found that learning through memorisation and* Accepted 5 August 2000.
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reproduction does not result in knowledge that can
be used to reason and to solve problems in new
situations. Shuell [2] states that what the student
does is actually more important in determining
what is learned than what the teacher does. Thus,
the teacher's role is not to lecture in an exclusively
transmissive way, but to encourage active partici-
pation, dialogue and interaction by students with
course materials and with each other [3]. The
teacher is `a facilitator of learning'.

According to Nicol [3], the concept of student-
centred learning can be considered from within
three perspectives:

. cognitive

. motivational

. social-contextual.

From a cognitive perspective, students learn by
interacting with and transforming received infor-
mation so as to own it and make it personally
meaningful. This leads to powerful understanding
and useful knowledge. Within this perspective,
Nicol outlines the constructivist view, whereby
learning is facilitated by a range of tasks that
involve students in active processing, such as
questioning, explaining and discussion. Associated
with this approach is `metacognition': the idea that
when the teacher `thinks out loud', students
develop critical thinking and learn how to learn [3].

The motivation for students to learn may be
either inherent or determined by factors in the
environment. Nicol states that student motivation
is influenced by personal needs and values, what
the students believe they can accomplish and
expectations of success or failure. It is desirable
that student motivation be increased, and this can
be facilitated by giving the students relevant,
authentic learning tasks, and increasing their
expectancy of success. These aims have been
undertaken in this project: the tasks set satisfy
the requirements of relevance and authenticity,
and pointers have been used to help the students
along the way, where they may encounter difficul-
ties. Thus, the students can expect to gain high
marks if they simply spend the time necessary
to complete the coursework. Nicol emphasises
the importance of giving cues to the students at
various stages to help them know how they are
doing [3]. This increases motivation, and will be
discussed later. Finally, regarding motivation,
McKeachie [4] discusses the importance of
people. Students can motivate one another, and
working collaboratively can greatly increase
motivation. I encouraged my students to actively
participate in the set tasks with one another and to
help one another.

The interaction of students with other students
not only increases motivation, but actually facil-
itates learning. This is the social perspective of
student learning [3]. How students learn depends
on how they perceive and act out their relation-
ships with teachers and with other students. Group
learning can give students valuable experience in

thinking and explaining and teaching each other.
In such an environment, the teacher takes more of
a paternal role, overseeing the activity of the class,
and actively participating in the set tasks with the
students at the appropriate times.

In summarising, it appears that it is mainly
ideas from the cognitive perspective that have
influenced teaching and learning in HE. However,
Boekaerts [5] points out that how students feel
about their studies (motivation) and how they
interact socially while learning affects how they
process information cognitively and their level of
understanding.

In recent years, student-centred learning has
unfortunately been seen by many to be synony-
mous with computer-aided learning (CAL). The
use of CAL as a powerful student-centred teaching
technique is discussed by Davison and Porritt [6],
and with modern information technology CAL can
now offer a real virtual alternative to transmissive
lectures or laboratory classes. However, CAL
should not be considered to be the only form of
student-centred learning. Here, a simple inter-
active handout is shown to offer an effective
student-centred approach to teaching and learning.

A TEACH-YOURSELF HANDOUT

The set coursework comprises five tasks, and is
described in detail by McDowell [7]. The tasks are
not described in detail here, but involve the deriva-
tion of well-established constitutive relations for
soil elements, in addition to examining the stability
of soil constructions, namely foundations and
trenches. The five tasks are briefly described in
the introduction to the coursework, and in more
detail at the beginning of each task. The course-
work contains blanks to be filled in by the
students, and `pointers' are given at appropriate
stages to help the students revise the course theory,
and to complete the next step of the current task.
Examples of such pointers are `Revise section 7.3
of the course', or `Draw a Mohr circle of total
stress . . . ', as shown in Fig. 1, which is a typical
extract from the teach-yourself handout. Thus the
expectancy of the student's success is high, which
produces motivation, but a large amount of work
is required on the part of the student.

To increase motivation further, three hours of
workshop time were allocated for the coursework,
so that all students were able to interact with each
other and with myself as the lecturer, where appro-
priate. This appeared to motivate the students in
completing the assessed tasks, in agreement with
the observation made by McKeachie [4] that a
student's motivation is greatly influenced by
other people. The collaborative approach stimu-
lates learning because students are involved in
active processing: questioning, explaining, discus-
sion (the constructivist approach). It was decided
that each individual would submit an individual
coursework, however, since I have found that in
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group project submissions, less able students often
take a back seat, and the stronger students do
most of the work, because they wish for the
group to obtain a good mark. By the approach
adopted here, the emphasis of the coursework is
on learning rather than assessment, so each and
every student knows that by interacting with each
other and myself, they are likely to succeed both in
the coursework, and in any subsequent assessment.

The most interesting task is the most difficult
one, which is to justify the law laid down by the
Health and Safety Executive against digging
unsupported trenches greater than 1.2 m deep.
The vast majority of geotechnical engineers
would simply adopt this approach without ques-

tioning why soil trenches deeper than this might
unexpectedly fall in. In this project, students are
asked to prove that the Law is wise. The task, I
believe, gives the students great confidence in the
fact that a somewhat abstract theory gives them
the power to make sound engineering judgement.

The effectiveness of this approach to teaching
has been measured by assessing the coursework
marks, the examination marks, and the results of a
feedback questionnaire, which contained standard
questions of the `strongly agree . . . strongly
disagree' type, in addition to allowing students to
make their own comments. In brief, the average
coursework mark was 8.9/10. Four students from
the class of fifteen obtained full marks, and four

Fig. 1. Extract from an interactive handout.
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students 9.5/10. The lowest mark was 6/10 and
every one else attained 8/10 or more. This demon-
strates that the expectancy of success was made
deliberately high. The examination (which carries
80% of the module mark) consisted of high-level
problem solving tasks. It was a difficult exam,
following the high-level type of questions set by
Cambridge University, where Critical State Soil
Mechanics was invented, and where I studied as an
undergraduate and postgraduate. Despite the diffi-
culty however, the average mark was 62%, and six
students out of the fifteen candidates attained
above 70%. Students had found that the set course-
work had taken a long time, and felt that it ought
to carry more than 10% of the module mark, but
felt that it had prepared them well for problem-
solving in the exam. This was indeed confirmed by
the examination results.

Nowadays students regard themselves as con-
sumers: they are paying for an education, and to
spend a lot of time working hard to complete a
coursework which only accounts for 10% of the
module mark does not seem like good value.
However, students often tend to plagiarise course-
work which accounts for a significant percentage

of a module mark, in order to gain a good initial
mark before the exam. Coursework is therefore
often not a reliable form of individual assessment.
Plagiarism can be deterred by introducing group
submissions, which can be used most effectively in
design-based projects. In this case collaboration is
expected, but as stated previously, this can often
have the effect of encouraging weaker students to
contribute less, and stronger students to contribute
more than ought to be necessary. Furthermore, a
group may still decide to plagiarise the work of
a previous group in a previous year if the set
problem is similar.

The teacher's philosophy ought to be that their
students should develop high level cognitive abil-
ity. In this case they should be able to solve
difficult unseen problems in new engineering
contexts in examinations. That is not to say that
examination is the best form of assessment, but
simply that students with high level ability should
be able to solve difficult problems under pressure.
Some students find the stress of the examination
room too much, and the `exam' can actually bring
out the worst in some students. However, exam-
ination skills can be taught to students, and it is

Fig. 2. Results of student feedback.

G. McDowell258



important that the lecturer makes clear to the
students how examinations will be assessed. This
can have the positive effect of helping students
make appropriate decisions and to perform diffi-
cult analyses under constraints of time and with
limited information. These are valuable transfer-
able skills. In this case, if coursework can be used
as an effective revision and learning tool, and if in
addition pointers are given to help the students
complete the assignment, then the expectancy of
success for each student is high, so the incentive to
cheat is drastically reduced.

I have outlined a key problem associated with
group submission, and the preferred approach here
has been to encourage interaction and active
processing amongst all students, so that the devel-
opment of transferable skills such as teamworking
and effective communication are also encouraged.
For a very analytical and mathematical course,
such as the module described here, it appears that
the examination is an effective form of primary
assessment, so long as students are given advice on
to how to get the best results out of a difficult
exam. Thus, a simple interactive handout, which
serves to develop cognitive skills and help the
students revise important principles, and for
which a small number of module marks are avail-
able, encourages students to learn in an interactive
way with colleagues and course materials, and with
the lecturer, with a high degree of motivation. This
academic year (1999±2000), in response to student
feedback, I have increased the coursework mark
only marginally from 10% to 15% of the module
mark, to increase motivation even further.

The results of the feedback questionnaire are
given in Fig. 2, and show that the students found
the coursework very useful, effective as method of
teaching and learning, and effective in helping
them to learn and understand the course theory.
The results also show that they felt this approach
to be more useful than transmissive lecturing on
the same material would have been. This serves as
an acid-test of the effectiveness of the approach.
The students found the coursework difficult, but
considered it effective as a form of assessment.
They found it interesting and enjoyable! However,
improvements can be made. The students
expressed the desire for more `cues' to help them
see how they are doing at various stages. The new
(1999±2000) edition of the coursework contains the
eventual equations they need to work towards in
order to increase further the expectancy of success
and motivation. The new coursework contains
more guidance in the text (i.e. more hints or
`pointers'), and some useful references to relevant
literature. Despite these deficiencies, however, the
evidence, described in detail by McDowell [7]
demonstrates the effectiveness of the adopted
student-centred learning approach. It appears

that the set tasks stimulated motivation, inter-
action with one another, the coursework materials
and myself, and greatly increased the students'
ability to solve difficult unseen problems. Further-
more the number of students taking the course
has increased from 15 to 40 this academic year,
and it is thought that this can largely be attributed
to the student-centred approach described, which
gives students a high expectancy of success in the
examination.

CONCLUSIONS

The psychology of student-centred learning has
been examined in order to undertake a research
project into the effectiveness of a student-centred
approach in teaching Soil Mechanics. A teach-
yourself coursework handout has been designed
in order to facilitate learning of applications of a
difficult theoretical subject. The coursework aims
to address the cognitive, motivational and social
perspectives of learning, and the effectiveness of
the technique has been measured by means of a
feedback questionnaire, the coursework marks and
the examination marks. Evidence suggests that
students benefited from the new `teach-yourself'
approach, and have an enhanced ability to
apply fundamental principles to high level unseen
problem-solving.

The average mark for the coursework was very
high (about 89%). Thus, if students expend consid-
erable effort, they will learn much, and gain a high
mark. This high expectancy of success increases
motivation and thus stimulates learning. However,
feedback shows that students felt that the course-
work ought to be worth more than 10% of the
overall module mark. This is more than compen-
sated for by the increased aptitude for problem-
solving under examination conditions. Some
thought has been given to the weighting of the
marks for the coursework: an extra 5% of the
overall module mark has been made available for
this academic year to increase further student
motivation and thus the ability to solve problems
in new contexts. The coursework remains an
important part of the module, and more pointers
and `cues' have now been included to help the
students see how they are progressing at various
stages of the coursework.

There is strong evidence to show that the
students believe they have learnt more from this
exercise than what they would have done if the
material had been lectured in the traditional trans-
missive way. This can only be based on their
personal past experience, but serves as a useful
acid-test of the effectiveness of the adopted
approach.
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