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Use of project based learning to teach geotechnical design skills

to civil engineering students
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School of Civil, Structural and Environmental Engineering, University College Dublin, Ireland

ABSTRACT: This paper describes the use of project based learning to teach geotechnical design skills to
civil engineering students at University College Dublin (UCD). The literature on the application of PBL in civil
engineering suggests that because of the hierarchical nature of engineering education, PBL is best applied in
a hybrid form known as Project Based Learning. A detailed description of how hybrid PBL was implemented
in the final year of a civil engineering degree programme is then presented. The module which was developed
at UCD provided an excellent mechanism for developing many skills, including problem-solving, innovation,
group-working and presentation skills desired by graduate employers. It was clear that the students enjoyed the
peer to peer teaching and an increased interaction with staff and external experts which the problem solving
nature of the module facilitated.

1 INTRODUCTION

Ramsden (1992) identifies a pervasive feeling devel-
oping amongst higher education lecturers that students
develop a poor understanding of basic principles and
concepts, exhibit poor knowledge retention capabil-
ities and yet by intensive studying before terminal
exams succeed in satisfying the assessment criteria.
Many universities report high levels of absenteeism,
particularly in the early years, and high drop-out
rates which are at least in part caused by lack of
engagement and boredom induced by teaching meth-
ods (Bartsch and Coburn 2003). Mann and Robin-
son (2009) reported a cross-disciplinary study of the
causes of boredom of 211 University students and
found that the most boring teaching methods were
laboratory sessions, computer sessions and copying
lecture notes. The most significant contributor to class
room boredom occurred when a PowerPoint presenta-
tion was given with no accompanying handout. They
note that without careful consideration being given to
design and resourcing, alternative teaching methods
such as interactive teaching in laboratories can be more
boring than traditional chalk and talk or PowerPoint
lectures. There is therefore an urgent need to develop
a more stimulating learning environment for students.

Considerable debate with regard to the form of
education offered to engineers is ongoing. External
pressures from industry include calls for the develop-
ment of design and complementary soft-skills such
as improved presentation and report writing. Rapid
developments in technology over the past ten years
have transformed the lecture theatre from a chalk

and talk to a largely PowerPoint driven environment.
Much of the course content is now made available
on-line prior to class, and both the University lec-
turers who learned in the traditional format and the
current students are dealing with pertinent issues such
as relevance, classroom boredom, and absenteeism.
Experiential or Enquiry Based Learning (EBL) and
Problem Based Learning (PBL) may provide solutions
to some if not all of these issues. This paper will con-
sider the basis of PBL and whether and how it can
best be applied in professional engineering courses
with particular emphasis placed on aligning teaching
methods to learning outcomes and the improvement of
instruction in design.

This paper discusses the development of a form of
PBL, namely; a project based learning design course
in civil engineering developed at University College
Dublin (UCD). The paper first reviews the applica-
tion of Problem Based Learning (PBL) in engineering
education, and then describes the design of the spe-
cific project based learning module. The objectives of
this paper are (i) to identify the most appropriate form
of PBL in Civil Engineering, (ii) to demonstrate the
design and implementation of a PBL course and (iii)
to illustrate how evaluation can be used to determine
the effectiveness of PBL.

2 WHY USE PBL

2.1 Background

De Botton (2001) states that the educational philoso-
phy of Universities can be summarised as follows: “the
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more a student learns about their chosen subject, the
better,” and argues that this has remained unchanged
for centuries. He quotes the 15th century philoso-
pher Montaigne, who having successfully completed
his education at a leading academy added the
proviso:

“If a man were wise, he would gauge the true worth
of anything by the usefulness and appropriateness to
his life”.

Smith and Ragan (2005) describe educational
philosophical traditions including Empiricism, where
knowledge is achieved in a continuum (Kolb 1984)
which begins with concrete experience, followed by
reflective observation, abstract conceptualisation and
active experimentation. Rationalists (Constructivists)
argue that reality is constructed by the individual or in
a group/collaborative setting. Pragmatists, as the name
suggests, occupy a middle ground and consider truth
for now or state of the art, where it is accepted that
universal truths are unknown, and therefore cannot be
taught. Current theories are therefore acknowledged
to be imperfect and should be continually tested and
modified as the state of the art develops.

Schon (1983) notes that at far back as 1922,
Dewey contrasted the inertia associated with educa-
tion, wherein the knowledge transmitted is the known
orthodoxy, to the dynamic developments taking place
at the time in the development of steel cantilevered
bridges, where Engineers demonstrated reflection in
action. Waks (2001) notes that whilst Dewey advo-
cates reflection by scientific thinking, Schon (1983,
1987) suggests the necessary skills to do this cannot
be taught in the classroom or laboratory (by scien-
tific theory) but in the design studio. This support of
social constructivist theory is of course dependent on
some core principles being available to the student, and
strongly suggests that a mixture of pragmatism and
constructivism present appropriate models for engi-
neering education. Savery and Duffy (1996) noted that
the social constructivist philosophy lies at the heart of
PBL whereby:

1. What is learned and how it is learned are inter-
linked.

2. Problematic puzzlement provides the learner with
a stimulus to think.

3. Knowledge evolves through discussion and evalu-
ation of our perceptions.

2.2 Curriculum design

Mayer (1982) defines deep learning as causing change
and incorporating the following key elements: that
change is of long-term duration, it occurs as a result
of development of the content and structure of knowl-
edge in the meaning of the learner and the creation
of a suitable learning environment. Where signifi-
cant attention is afforded to teaching and learning
methods and assessment procedures, and the student
takes control of their learning, significant scope for
deep learning occurs (i.e. in the process model – see

Figure 1. Process Model of Curriculum (after Neary 2003).

Figure 1). Ditcher (2001) notes that a serious impedi-
ment to the adoption of deep learning by engineering
students is the high number of contact hours required,
and the tendency to lecture to large groups being
favoured in most engineering schools. She suggests
that social constructivist theory would point to the use
of Problem Based Learning (PBL) as an ideal model
to facilitate deep learning in engineering courses.

The use of PBL has spread rapidly, predominantly
in medical education, but also in the spheres of law
and engineering. Kolmos et al. (2007) set out some of
the key features of the PBL method:

1. Ill-structured and complex questions based on real
world scenarios.

2. Student centred active learning occurs.
3. Learning occurs in small groups, considering and

reviewing solutions to open-ended problems.
4. The teacher becomes a facilitator.
5. Self-assessment increases the efficacy.

Kolmos et al. (2009) note that many new Uni-
versities established from the late 1970’s onwards
adopted the new educational model and its use spread
worldwide (including in older universities) within a
range of fields, the most prominent being medical
and engineering programmes in Bremen University in
Germany, Newcastle in Australia and at Roskilde and
Aalborg in Denmark. Whilst the PBL model diver-
sified and was applied across different fields and
indeed cultural settings, Kolmos and her co-workers
observed that certain principles underpin all methods
(see Figure 2).

Barrett (2005) states that one of the key character-
istics that separates PBL from other forms of Enquiry
Based Learning (EBL) is that the problem is presented
first (prior to any other curriculum inputs e.g. lectures).
Price and Felder (2006) suggest that this is the polar
opposite to traditional deductive teaching and quote
E. Kim Nebeuts who eloquently observes:

“To state a theorem and then to show examples of
it is literally to teach backwards”

Whilst this true form of PBL has proved to be
very successful, particularly in medical education,
the forms of enquiry based learning often practiced
in engineering schools (such as Aalborg in Sweden
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Figure 2. PBL Learning principles (Kolmos et al. 2009).

and the National Technical University in Trondheim,
Norway are often described as Project Based or Hybrid
PBL. Perrenet et al. (2000) note that in the tradi-
tional PBL model learning is self-directed, and in
domains such as medical education (where learning is
somewhat encyclopaedic), missing concepts may not
preclude the construction of valid theories. However,
in mathematics and engineering, which tend to be hier-
archical, missing essential concepts may result in a
failure to learn. They suggest that whilst the develop-
ment of metacognitive skills (knowing about knowing)
will result from PBL, the risk of missing vital con-
cepts and theories suggests that PBL should be used
as partial solution to develop professional problem
solving skills through the application rather than the
acquisition of knowledge. Mills and Treagust (2003)
recognise that many of the skills developed during
PBL directly align with the competencies or learning
outcomes required by graduate employers and accred-
itation bodies, namely problem solving, small-group
working etc. and note that teaching these skills embed-
ded within a technical module is likely to achieve
improved outcomes. In noting that engineers prac-
tice and therefore must learn in a hierarchical manner
within project groups, they advocate the use of Project
Based Learning which they differentiate from Problem
Based Learning in the following ways:

1. Time – engineering project tasks usually take place
over a longer time period than problems.

2. Projects are directed at applying rather than
acquiring knowledge.

3. Projects are generally run in tandem with traditional
lectures.

4. Time management is a key issue for projects.
5. Self-direction is stronger in project based learning

as the learning is directed by the problem.

2.3 PBL tutorials

Some of the major problems facing educators who
wish to develop PBL courses include (i) the question of

how to organise the students into groups, (ii) are there
resources available to provide facilitators, (iii) is there
physical space available outside of lecture theatres and
(iv) how will I phrase the problems? Questions (i)
to (iii) largely depend on the available resources and
may largely explain the diversity of PBL approaches
adopted throughout the world. In general, engineering
students are used to working in small (laboratory and
tutorial) groups from the time they enter university
and the group size appropriate to project based learn-
ing (typically less than six students) is very familiar to
them. The hybrid PBL or project based approaches can
also be operated with a floating facilitator (or tutor) as
the students are applying knowledge and creating links
rather than creating knowledge and therefore need
significantly less scaffolding or support. The question
of physical space is an institutional issue. However,
faculty members should be cognisant of the benefits in
providing project rooms in new and refurbished facil-
ities. Assuming that these obstacles can be overcome
through resourcing, the perennial issue of the form of
problems to be presented is key to the success of any
PBL initiative.

In PBL it is good practice to design problems across
a range of media. These might include the use of writ-
ten problems, pictures, video clips, physical objects
etc. (Barrett and Cashman 2009). Whilst in traditional
PBL they form a starting point for learning, in project
based applications problems tend to be (but are not
exclusively) in the form of a written design brief.
Problems should be designed to develop a range of
learning outcomes, by being progressive and help-
ing to define threshold concepts. The characteristics
of good PBL problems are described by Duch et al.
(2001). Federau (2006) describes the learning climate
model which can be used to ensure the preparation of
good problems. The ordinate, assignment freedom is a
measure of how open the question is. He describes the
example of a bridge design exercise “design a bridge to
span from A to B”, which if given to a first or second
year student who has not studied engineering mate-
rials or bridge engineering, will represent a problem
with a high degree of assignment freedom. In contrast,
if a final year student is asked to “design a concrete
bridge to span from A to B” a relatively low score
on assignment freedom would result. The abscissa,
Active Drive, is a measure of how motivated a stu-
dent will be to acquire the knowledge required to solve
the problem. Put simply, there is a significant pressure
on the first or second year student discussed above
to self-educate on the basics of bridge engineering,
e.g. what spans are permissible for given engineering
materials etc. thus resulting in a high value for active
problem drive.

2.4 Assessment

Assessment of the course should incorporate both
student assessments and evaluation of the course
itself. In terms of student assessment, lecture driven
courses tend to rely heavily on terminal exams
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backward-looking assessment (Fink 2003) to evaluate
student performance. In process based models which
use real-life problems, (where possible) it is impor-
tant to consider a number of critical elements in the
assessment procedure in order to enhance the quality
of student learning:

1. The use of student self-assessment
2. Clear description of the assessment-Spell out

clearly the criteria and standards required.
3. Clearly demonstrate how excellence may be

achieved.
4. Through the provision of regular, timely, detailed

and constructive feedback.

Wherever possible, learning and assessment should
occur simultaneously. An obvious example would be
project presentations in which the results of a prob-
lem are presented by students, where peer to peer and
peer to tutor questioning takes place, and complemen-
tary skills such as presentation, public speaking and
self-confidence are developed. Through the provision
of feedback, an individual or group can evaluate their
own progress through a given problem. Kolmos et al.
(2007) suggest that questions such as “What did I
learn?”, “What further knowledge do I need?” And
“how could I approach the problem differently the
next time?” should be at the centre of self-reflection.
They suggest that the more contentious issue of peer
assessment should form part of the process. However,
to mitigate problems, students should be introduced
to this form of assessment using simulated PBL ses-
sions. Continuous assessment (whether in groups or as
individuals) is obviously an attractive form of student
evaluation and it aligns the assessment with the process
of acquiring knowledge. However, terminal exams are
also appropriate. Where group assessment is being
undertaken as a quality assurance exercise, it is impor-
tant to get feedback on the efficacies of group working
within the PBL environment. Research by Ohland
and his co-workers at Purdue University has led to
the development of a group evaluation tool CATME
Teammaker. It is available as an on-line resource at
(http://engineering.purdue.edu/CATME).

Evaluation of the course itself, of the tutors, and of
facilitators can take many forms, but should include
specifically an evaluation of the curriculum design,
facilitation, student experience and effectiveness of
learning (Marcangelo et al. 2009). At the programme
level, input should be sought from industrial advi-
sory committees or similar bodies and also from
colleagues. Feedback from students can be obtained
through carefully designed surveys (which are now
being implemented online through the blackboard
environment) and through focus groups. An additional
powerful and often over-looked source of evaluation
can be derived from student comments, either dur-
ing the informal interactions which occur during the
tutorial session or on evaluation forms where space
is given to free comment. The use of such feed-
back is discussed in detail by Barret (2008) and
Clousten (2007).

3 APPLICATION OF PBL AT UCD

3.1 Background

Having considered the role of PBL in engineering
education, the final section of this report considers
a course which could be described as hybrid PBL and
falls very definitely into the category of Project Based
Learning as practiced in many engineering schools.
The course has been in operation for a number of years
and the purpose of the current study is to attempt to
improve the course by taking consideration of how
recent developments in educational practice might be
incorporated in order to optimize the learning out-
comes achieved, increase satisfaction, and improve
real and perceived operational issues.

Kolmos et al. (2009) present a PBL model which
provides a holistic view of the elements which must
be considered in a PBL curriculum. The model forms
a useful tool to consider the module case studies in civil
engineering which is taken by the students in the first
semester of the 2 year Master of Engineering course
in Civil Engineering at University College Dublin.
This new Bologna compliant programme which is
described by Gavin (2010) is open to students who
have completed a 3 year BSc. in Civil Engineering (or
equivalent). In semester I, a series of traditional lec-
ture and tutorial based, core civil engineering design
courses are taken which build on the theoretical prin-
ciples of Structural Engineering and Soil Mechanics
developed during the BSc. programme and apply these
to real design problems.A Project Based Learning cap-
stone course (Case Studies) is run in parallel with these
modules.

3.2 Objectives and knowledge

Students joining this module will require pre-
requisites including the theory of structures and soils
(Geotechnics) found in the 3rd year university courses
in civil engineering. A key premise of the course
is that students will develop an appreciation of the
inter-connection between the roles of geotechnical
and structural engineers. The module employs group
work and weekly presentations to experts in a range
of cross and inter-disciplinary projects. A special
case study involving collaboration with architecture
students is included to develop an appreciation of
inter-disciplinary team-work. On completion, the
students should be able to:

1. Formulate design solutions to open-ended prob-
lems

2. Learn to work in an inter-disciplinary group
working environment

3. Develop an understanding of the principle mech-
anisms through which structures carry load and
transfer loads through elements into the ground

4. Consider the wider social and environmental
aspects and identify risks associated with their
schemes

5. Demonstrate effective presentation skills.
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Figure 3. Alignment of elements in a PBL curriculum
(Kolmos et al. 2009).

3.3 Types of problems

Given the nature of the learning which is required,
(application rather than acquisition) the problems will
typically be well defined following the PBL definition.
However, they contrast strongly with typical text book
problems and are relatively open-ended. To encourage
diversification and contribute to a real-world feel, the
majority of problems are set by experts from indus-
try and are based on current projects. The format is
one whereby a brief is issued to the class each Mon-
day morning and they compile a scheme design and
present their solutions to their peers, their tutor and the
external expert on Friday morning in a question and
answers type interruptible presentation format. Case
studies are executed over the entire semester (with
the exception of the final week of term). The joint
civil engineering and architecture case study follows
a slightly different one-day format in which larger
teams (typically seven members, four engineers and
three architects) are given a problem at 9.30 am. From
11 am, tutors are available to provide guidance on
schemes (typically one tutor for every two groups).
Presentations are made in the afternoon and the ses-
sion finishes by 5 pm. A typical problem is included in
Appendix A.

3.4 Progression, size and duration

This involves consideration of the progression in terms
of the complexity of problems encountered, and the
amount of time given to the PBL exercise within the
overall curriculum. Increasing problem complexity at
the beginning of the semester is relatively simple.
However, in practical terms, the use of outside experts
(typically senior engineers from industry) sometimes
involves rearranging the pre-determined schedule.
One of the case studies which the students find most
challenging (from a non-technical standpoint) is the

joint work with students from architecture, where
students are used to relatively vague project briefs,
long deadlines and studio based environments. This
contrasts sharply with the engineers who often jump
straight in with calculations in a race to find the right
solution.

It is important to consider the amount of time
that the curriculum gives over to the PBL module.
In ECTS credit terms, 33% of the student time in this
semester is assigned to PBL. However, the nature of
the case studies when compared to the parallel modules
which are all assessed based on a terminal exam which
occurs at least one week after the end of the semester,
inevitably leads to a concentration of student resources
on the PBL module.

3.5 Students’ learning

Although the philosophy, learning outcomes and
teaching methods have been considered in some depth,
the student who is in the fourth year of their higher edu-
cation career will be unlikely to have time to recognize
this opportunity for self-development. We must there-
fore provide some supportive guidance to allow them
to maximize the potential of the PBL process. To date,
this has consisted largely of a relatively unstructured
introductory lecture on the operation of the case stud-
ies module. Despite this, when asked to comment in
an end of semester questionnaire on what they consid-
ered to be the benefits of PBL over traditional lectures,
respondents stated the following:

“We were forced to learn” and “we developed
in-depth learning”.

3.6 Academic staff and facilitation

The role of academic staff is known to be critical in
effecting positive outcomes from PBL and as mod-
ule coordinator and one of three staff members who
act as tutors on this module, up until this year, none
had any formal training on how to organize or facil-
itate a PBL module. Any success of the module to
date is probably largely because (somewhat unusu-
ally for faculty members) the staff members involved
have significant industrial experience which the stu-
dents see as a significant resource.There is no question
that many facets with regard to curriculum updating,
assessment and student resourcing can be improved
through peer-to-peer tutor training.

3.7 Space and organisation

The Civil Engineering Department at UCD recently
moved into a new building where the ground floor con-
sists of a number of large project rooms (freely avail-
able for project work and study for each stage/year)
surrounded by staff offices. The environment is there-
fore ideal for collaborative project work. The UCD
campus is within 4 miles of the city’s capital and
has built up and maintains a very good relationship
with industry. Furthermore, we have access to a large
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resource of visiting engineers to act as tutors in our
PBL initiatives.

3.8 Assessment and evaluation

The module is assessed using continuous assess-
ment with group marking (worth 30%) and a final
(open-book) individual design exam (worth 70%).
Up until now, the assessment has taken the form of
standard end of semester course evaluation sheets
which were traditionally distributed in a somewhat
haphazard format. This year, the course is one of the
modules chosen for the new online module assessment
tool implemented through blackboard. In addition, for
the last two years as module coordinator I have elicited
student feedback on their experiences of the PBL mod-
ules.This paper presents an example of the use of a case
study from the literature in an effort to promote reflec-
tive learning in a final year course in geotechnical
engineering. Simple design problems were presented
to the students in a format similar to how they would be
encountered in industry. In the first session, students
chose soil parameters from site investigation reports
and applied standard design models to estimate foot-
ing resistance and settlement. In a follow-up session,
predictions were compared to actual footing response
and trends such as (i) the effect of mean stress level
on the mobilized bearing resistance and (ii) the non-
linear stiffness response of soils are introduced in the
context of real world design problems.

The introduction of weekly case study problems
encouraged student engagement with the topics cov-
ered and therein promoted self-learning. As a result,
the workshop and tutorial sessions provided an enjoy-
able educational environmental where detailed discus-
sion on the practical application of soil mechanics
principles tool place, promoting learning for stu-
dents, post-grad demonstrators, and staff members
alike.

4 CONCLUSIONS

This review considered the state of the art of the appli-
cation of Enquiry Based Learning (the term which is
used to encompass Problem-based and Project based
approaches). Whilst the efficacy of Problem-based
learning in multiple domains has been proven, signifi-
cant research suggests that for hierarchical domains
such as Civil Engineering, Project-based learning,
where the methods aid application rather than acqui-
sition of knowledge, is a more appropriate technique.
The current issues facing engineering education were
briefly considered and the combined drivers for change
from industry which needs design focussed graduates
who can solve problems, innovate and communicate
their ideas at one end of the spectrum and students fac-
ing issues of boredom in the lecture hall at the other,
suggests the increased use of experiential learning
methods is critical to the future survival of engineering
education.

A case study of a design based capstone course
in civil engineering design was considered, where
the learning and assessment methods were designed
to meet some of the key learning outcomes was
presented. A student survey suggests that the course
is already achieving many of its stated objectives and
it is felt that considering the course design in a more
theoretical education framework, where alignment of
all elements is considered, should allow for positive
development of this course in the future. It is the hope
of the author that this may act as an incentive for the
development of similar initiatives within the engineer-
ing school at UCD and across the wider engineering
educational community.
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APPENDIX A – TYPICAL PROBLEM

A flood protection scheme is to be provided in a river
valley where the flood level reaches up to 4.5 m above
ground level (agl). Prepare an outline scheme that
ensures protection of facilities based to the right of the
line X shown in Figure A1 if the river reaches +4.5 m
for a period of up to 7 days. The length of the flood
defence system is 500 m.

Figure A1. Cross-Section.

Figure A2. Index tests and composite borehole log.

Figure A3. Index tests and composite borehole log.
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The composite borehole log for the area (FigureA2)
taken along the line X describes the presence of
approximately 1 m of fill over sleech to 8 m below
ground level. This is underlain by dense/hard boulder
clay. The water table is at ground level. Profiles from
in-situ test data are shown in Figure A3.

You are required to:

• Propose a suitable scheme design considering
overall stability of the geotechnical structure

• Consider the risks associated with your scheme and
how these might be mitigated

You have a budget for geotechnical testing (lab or field)
which you can use to obtain additional parameters for
your design. Each group can specify (up to five tests,
e.g. borehole, atterberg limit test etc).
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