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ABSTRACT: This paper outlines how geotechnical education is being delivered in the University of Limerick’s
(UL) new civil engineering programme. The undergraduate programme adopts a student centred approach and
employs Problem Based Learning (PBL) as its central pedagogical approach. The following account outlines
how the second of three geotechnical modules is delivered through an integrated design trigger or problem. The
geotechnical module is one of four subjects involved in an architect designed multi-storey reinforced concrete
structure. The design documentation is developed to tender stage and formally presented to the client at the end
of a fifteen week semester. Working in small teams and liaising with the architect and client encourages students
to learn about leadership, communication skills, personal responsibility, reflective practice and self assessment –
all skill deficits identified by professional bodies in young engineers.

1 THE CHALLENGE FOR GEOTECHNICAL
EDUCATION TODAY

One of the many challenges facing students study-
ing geotechnical engineering is the apparent diversity
and multiplicity of concepts, procedures and empiri-
cism that exist within the subject.The student becomes
overwhelmed and can end up throwing in the towel
in frustration. In geotechnical engineering, learning
is not a linear process as it can be in subjects like
structural design or structural analysis. The skills for
the latter can be acquired by a diligent student prac-
ticing the techniques. This is not necessarily the case
in geotechnics where nature plays such an important
role in determining the engineering behaviour of soils.
However, in reality, there are relatively few key con-
cepts that form the backbone of the whole discipline
e.g. effective stress, consolidation theory, seepage and
total & effective stress analyses. So, once the stu-
dent is equipped with a fundamental understanding of
engineering geology the remaining topics are merely
extensions or applications of the key concepts.

Therefore, given a syllabus that is designed to cap-
ture the core material, the teacher’s job is to ensure the
content is delivered in a way that engages and moti-
vates the students to learn and become skilled in the
application of the principles of soil mechanics. This
is best accomplished by providing a context for the
learning to take place – this paper deals with the latter.

Whether we like it or not, international research and
anecdotal evidence points to the demise of the ‘tra-
ditional’ lecture, i.e. the art of passively transferring
the notes of the lecturer to the notes of the students
(some would argue without passing through the heads
of either!). Students have voted on this form of instruc-
tion as a meaningful learning experience. Unless they

perceive the lecture as something that adds value to
their learning, clever students may stay away and learn
by studying the material at a time that suits their
schedule. It is worth noting however, that the ‘right’
type of lecture or learning seminar has a significant
motivational value. McKeachie & Svinicki (2006) lists
the following benefits of a lecture:

1) To present up-to-date information – i.e. to bridge
the gap between the latest scholarship until it
appears in textbooks.

2) Summarising information scattered over a variety
of sources.

3) Adapting material to the background and interests
of a particular group of students at a particular time
and place.

4) Helping students to read more effectively by pro-
viding an orientation and conceptual framework.

5) Focusing on key concepts and principles.

So the question arises: what format should a lec-
ture take in 2012? It should engage the student in the
learning process by actively ‘doing things’ in class.
We should employ active learning techniques to sup-
port carefully planned lecture material so students will
be inspired to delve deeper and to master the essen-
tial concepts. This paper presents how the second in
a trilogy of geotechnical (undergraduate) modules is
delivered using a ‘learning by doing’ approach. The
paper presents the geotechnical concepts covered and
how these have been weaved into an integrated design
project that also involves three other subject areas.

Reflecting on the second iteration of this trigger (a
problem that ‘triggers’ new learning) reveals interest-
ing challenges to student learning, understanding and
engagement. For the lecturing team, education as a
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human encounter and the motivation of student learn-
ing continues to provide intriguing challenges. Finally,
the successes and challenges with the approach are
discussed and some commentary provided for teach-
ers considering adopting a student-centred teaching
model.

1.1 Educational philosophy of civil engineering
at the University of Limerick

In general, students entering university are expert in
rote learning and have exhibited this skill to great
effect in solving structured problems (Flynn, 2011 and
Quinn, 2011). Being asked to solve messy unstruc-
tured problems at university therefore comes as a sig-
nificant shock. It requires a sea change in the students’
educational approach adopted here-to-fore. Changing
habits embedded over fourteen years of didactic educa-
tion poses its own challenges and requires fostering the
maturity to accept ones personal learning responsibili-
ties. In addition, we have found providing an induction
to Problem Based Learning (PBL) in first year and
working through triggers of increasing complexity as
the students move through the programme gradually
breaks down the barriers of rote learning and promotes
free and independent thinking.

The University of Limerick (UL) civil engineer-
ing programme adopts Problem Based Learning as its
principal educational approach. PBL involves present-
ing students with a problem prior to the delivery of
subject material. Students work in self-selected teams
of five or six and combine their prior knowledge
to identify what’s already known about the problem.
They then determine their research needs and each
group member independently undertakes this work.
The research findings are then shared when the group
next convenes and this process is repeated week-on-
week until they arrive at a solution. The path to an
acceptable solution follows the project programme
developed at the outset and this is reviewed and mod-
ified as required at the end of each week. Progress is
guided by two facilitated PBL sessions of two hours
duration per week (i.e. 4 hours per week) and students
usually find it necessary to hold additional meetings
outside these facilitated sessions. The PBL sessions
are facilitated by an experienced external consulting
engineer and one academic team member that is not
teaching on the Integrated Design Project (IDP) mod-
ules. The tutors carefully monitor and guide the PBL
process so the students are clear about the material
that each must master, e.g. effective stress, foundation
sizing and evaluation of settlement. Guidance is also
provided on the activities that can be sub-contracted
within the group to achieve greater efficiently, e.g.
gathering historic and current Ordinance Survey maps
for the site.

Interestingly, we have noted the students work hard
to identify and assimilate the required knowledge –
and because of this, they tend to take ownership of the
knowledge, retain it longer and better understand its
value in solving the assigned problem.

1.2 Changing the educational paradigm

The motivation for change at UL is driven by a uni-
versal acknowledgement that the time-honoured edu-
cational approaches are no longer effective. Robinson
(2010) outlines the historical context for the traditional
educational approach which evolved to serve post
industrial revolution employers. This approach served
industry well; as the people entering the workforce
were equipped with the skills required for a lifelong
career. However this one set of skills is no longer suf-
ficient. In today’s world, our approach to educating
innovative problem solvers must adapt to meet the
needs of a rapidly changing and highly technological
world.

Felder (2012) in examining the traditional and
emerging educational paradigm, highlights four focal
issues for engineering: (1) how engineering curric-
ula should be structured (2) how engineering courses
should be taught and assessed (3) who should teach and
(4) how the teachers should be prepared. In a related
vein, Redish and Smith (2009) in looking beyond
content, highlight the importance of context for
directing and inspiring learning:

“A good knowledge of the facts, equations, and even
concepts is only the beginning. What matters more
is that the students learn the practice of science
and engineering – not only the knowledge needed
but how to use that knowledge in authentic contexts.
Much of the interest in engineering education today
is on understanding and developing these skills of
practice.”

Building on this, Miller (2010) gives an excellent
account of how engineers for the 21st century are
educated at Olin College. The account summarises
the history, funding, market research and the ratio-
nale that informed their unique approach – it even
includes an example of how success was engineered
from adversity after their building programme ran past
the scheduled opening date. There can be little doubt
that this fledgling place of educational innovation is
having a profound influence in creating engineers for
the future.

1.3 Responding to the call for change

The entire first semester of third year civil engineering
at UL is devoted to a single Integrated Design Project.
The design is completed in a fifteen week semester
which precedes an eight month cooperative educa-
tion placement. To reflect its importance, the project
accounts for 60% of the student’s final grade for the
semester. The remaining 40% is for an end of term
exam in each of the courses listed in Figure 1.

These exams focus the students’ attention on anal-
ysis and design skills as they are developed during
the project. Peer and self assessment are also incorpo-
rated as part of the 60% as is a personal reflection on
the learning gained through the IDP.
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Figure 1. The Integrated Design Project (IDP) Subjects.

The project involves the design of a multistory rein-
forced concrete structure on a challenging geotechni-
cal site.Working in groups, the students visit the site on
a number of occasions; they also work with the design
architect to develop a structural scheme. The design
drawings presented to the engineers are completed a
year in advance by UL 4th year architectural students –
an experience that mirrors the reality of engineering
practice. It is fair to say that the creations proposed
for the same site can be structurally challenging – but
experienced staff carefully guides each team in the
development of a robust structural scheme.

A project plan using MS Project is also developed
and a total station survey of the site performed. The
preparation of a geotechnical desk study for the site
and hence a site investigation and/or a laboratory test
programme forms a significant component of the soil
mechanics module. The gathered data is used to mea-
sure the strength and stiffness properties of the soil
so foundations for the structure can be designed. A
combination of hand drawn details and CAD drawings
form part of the final comprehensive project report.

The teaching staff tracks progress via a mid-
semester presentation that is formatively assessed.
During these open presentations, teams get to com-
pare and evaluate their progress relative to their peers
and any issues or gaps in knowledge can be addressed
at this stage. At the end of the semester the com-
pleted project is presented in a day long seminar that is
open to the campus community and invited guests from
industry. The project concludes with individual inter-
views to assess if each student has met the learning
outcomes for the project.

2 GEOTECHNICAL COMPONENT OF THE IDP

2.1 Details of the soil mechanics module

As noted earlier, the soil mechanics module is the sec-
ond in a suite of three geotechnics courses taken by

Figure 2. Soil Mechanics Module Details and Tasks

the civil engineers – It focuses primarily on strength,
stiffness and compressibility properties of soil (Fig-
ure 2). By way of context, the preceding module
covers: recent geology, soil classification, seepage,
effective stress and compaction theory. The third
module on geotechnical engineering design is taken in
final year (i.e. following the IDP). The latter focuses
on slope stability, deep foundations and retaining
structures. Proprietary software is introduced for the
first time in the design module. Students use soft-
ware to improve the efficiency of their designs and
to undertake parametric sensitivity studies.

Adopting a PBL approach requires creativity on
how best to elicit the geotechnical rigour normally
specified upfront in a didactic mode of delivery.
For example, the IDP module has no prescribed
programme of laboratory testing, yet each team is
expected to identify and undertake appropriate tests
to satisfy the project’s design needs. Students are
also expected to identify the geotechnical concepts
required to develop a design solution. During this
process, the teams encounter topics that require expert
guidance and these needs are addressed through learn-
ing seminars provided by the lecturer in the specific
subject areas.

To reinforce the rigorous aspects of the discipline,
each module has between two and three timetabled
hours a week set aside for formal learning seminars.
The pre-planned seminar topics are presented by the
lecturer and occasionally students will request addi-
tional seminars particularly when they encounter chal-
lenging concepts. All seminars are carefully aligned
with the tutors’guidance notes for each facilitated PBL
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session. This allows tutors to listen to group discus-
sions and where necessary, intervene gently to nudge
wandering debates back on track.

2.2 Staff and student workload

Each module on the IDP is worth 6 ECTS credits. This
equates to approximately 125 hours of total study per
module or 500 hours of work for the entire project.
Student feedback suggests that this can increase to
fifty or sixty hours per week when project milestones
are due. The process is also demanding on the aca-
demic staff. Each staff member is involved in deliver-
ing the module content, providing formative feedback
on interim submissions, attending mid-semester pre-
sentations, facilitating individual interviews at the end
of the semester, organising the end of semester semi-
nar and setting and correcting a final exam and project
submissions.

2.3 Technical student challenges

As each design reflects a particular architectural con-
cept, every structure is different – in simplest terms:
the spans and loading arrangements will vary per struc-
ture. No two designs are identical. The engineering
design process starts by investigating the history of
the site, determining the influence of geology on the
design and the impact of the proposed development
on surrounding structures. The essential geotechni-
cal design parameters are identified, soil samples
acquired and appropriate laboratory tests performed
to determine these parameters. The results are used
to proportion foundations and assess the soil-structure
interaction effects under the design loads.

As the site is generally selected along an estuarine
or coastal setting, non-uniform strata depths are the
norm. It is therefore important that students recognise
the need to check that the differential settlements and
relative rotations remain within threshold limits for
framed structures.

2.4 Grading to guide learning

Students are intrinsically motivated to achieve good
grades and this fact is used to focus learning effort
as shown in Table 1. Note the end of semester inter-
view receives the highest proportion of the marks
(20%). This is intended to remind the student of their
personal learning responsibisssslity. The next highest
proportion of the marks is for the technical report
(15%) which emphasises the importance of written
communication skills in engineering.

Pop quizzes (10%) are used to encourage and
reward students that undertake assigned reading ahead
of learning seminars. The quizzes are delivered at the
start of each seminar and are assessed using electronic
clickers. The clickers gather student responses to mul-
tiple choice questions based on the assigned reading.
This technology allows the lecturer and student to get
instant feedback through bar charts projected using

Table 1. Grading of the IDP Component of the Soil
Mechanics Module.

Task Percentage grade

End of project interview 20%
Geotechnical report 15%
Pop quizzes 10%
Peer & self assessment 7.5%
Reflection 7.5%

Figure 3. Typical Pop Quiz MCQ with feedback provided.

PowerPoint (Figure 3). The correct answers are also
added to the display immediately after polling and the
results can be saved and emailed to the students as a
revision aid.

Finally, every opportunity is taken to make each
assessment activity an opportunity for new learning
or the reinforcement of existing learning.

3 THINKING ABOUT THINKING

3.1 Reflective practice

This is part of what Pellegrino (2006) refers to as
a “metacognitive” approach to instruction. Its power
resides in helping students to take control of their
own learning through defining clear learning goals
and monitoring progress in achieving them. During
the IDP, each student submits an interim reflection
on their learning and a final reflection at the end of
the semester. These are powerful writings and can
be very empowering for the student. It would appear
the students find this process helpful in consolidating
their thoughts, identifying where they have done well
and where the opportunity for greatest improvement
resides. On occasion, some students feel compelled
to offer feedback rather than reflecting on their learn-
ing. Feedback is always useful for improvement and
we have not discouraged such offerings. However, in
order to develop an ability to reflect and distinguish
between this and feedback, we ask students to separate
any feedback from their reflections.
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3.2 Peer and self assessment

At the start of the trigger, students agree the crite-
ria against which their contribution and performance
will be assessed. Each team discusses their values and
expectations for achieving a successful project out-
come and summarise these on a team whiteboard.Then
in a plenary session, the facilitator consolidates the
offerings from all teams on a master whiteboard. A
single set of criteria is agreed from this list and these
form the basis of a peer and self assessment grading
rubric. At the end of the IDP each student completes
the rubric, assessing their own contribution and that
of each team member. Anonymity is preserved by
submitting the evaluations through the university’s
online learning management system. This is a very
effective tool in achieving honest self appraisal with
student self assessment grades tying in with their
average peer assessment grade.

3.3 Learning styles, leadership and group dynamics

Over the past four years we have experimented with
group selection in order to ‘design’ good group
dynamics. This topic is worthy of further discussion
but for the purposes of this paper, it is suffice to say
we have found little merit in our efforts. Self-selecting
teams provide no better or no worse outcomes in terms
of group dynamics. We have also found that lead-
ers emerge in every group regardless of its mode of
selection.

Having undertaken the Index of Learning Styles
survey (see Felder and Spurlin, 2005) in their first
year of the programme, the students are aware of
the diversity of learning styles that exist within the
class and within each group. They also appreciate and
acknowledge the benefits that different approaches to
learning can bring to solving unstructured problems.

4 INTEGRATION OF SKILLS AND WHAT
EMERGES AT THE OTHER END

The subject of soil mechanics continues to academ-
ically challenge students. As they grapple with the
complexity of the integrated design process, they may
be slow to, or neglect to engage with some impor-
tant geotechnical questions, for example: how will the
ground respond when loaded? What is the implication
of such a response for the stability and serviceability
of the building?

The tendency for this information to remain uncou-
pled is prevalent. For example, the connection between
bearing capacity and movement (consolidation) is
not so obvious to the students – analyses are per-
formed as two standalone activities that are not con-
nected or related in any way. Therefore, considerable
time and effort is spent in the learning seminars
trying to unify these concepts. The role of stress his-
tory, overconsolidation, rate of loading, particle size
distribution and soil classification in both the strength
and compressibility of the soil are debated. In addition,

Figure 4. Changes of total and effective stress during
loading and consolidation of a foundation (Atkinson, 2007).

Figure 5. Overall module performance for 2010 and 2011.

the incorporation of stress path sketching has been
helpful in re-coupling the concepts. It is acknowledged
that mastery of stress path sketching takes a significant
investment of students’ time. So, emphasis is placed
on gaining a qualitative understanding of the loading
path and the corresponding compression response
under the applied foundation stress (Figure 4).

The bar charts shown in Figure 5 illustrate the over-
all module performance. It can be seen that a relatively
small number of students obtainA’s and high B’s.These
are followed by a large cohort obtaining low B’s and
C’s. The performance of students at the lower end of
the distribution is attributed to a lack of engagement
rather than lack of ability. This opinion is supported by
the fact that the average university intake points for all
students who have undertaken the IDP is within 16% of
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the maximum possible score in the Irish leaving certifi-
cate examination - a clear indicator of academic ability.

It is evident that, non-engaged students challenge
the group dynamic – they can generate poor feel-
ing if the group ultimately carries them through the
project. This is no different in any other educational
model. However, the price of this tactic is paid when
the student is interviewed at the end of the semester
and particularly when the peer assessment grades are
submitted. We have found the individual interview
to be a powerful tool in measuring the learning out-
comes for both the individual subjects and the IDP. It
is also one of the main motivational factors in students
taking responsibility for their learning. We have also
noted that students, who work hard to identify and
assimilate the required knowledge, tend to retain the
information and exhibit a better understanding of the
technical concepts.

To further investigate the effectiveness of the IDP,
we engaged the university’s Centre for Teaching &
Learning to conduct focus group research with the
2010 and 2011 cohorts. The findings reveal some
benefits and concerns of the students. Chief amongst
their concerns is the significant workload associated
with the IDP compared with that of their peers in
other courses. Students are also disappointed that their
extra effort is not necessarily reflected in their overall
QCA/GPA. This highlights the ongoing toil between
seeking high results over understanding and mastery
of the course material.

On the positive side, the IDP illustrates that ‘new’
skills can be developed within existing teaching
methodologies without the need for new courses or
modules. The 2010 cohort (the post co-op group) feel
the PBL process and the IDP experience built their
confidence and self-belief when it came to undertaking
unfamiliar tasks. The following quotations from the
post- co-op group suggest a general positivity towards
a learning-by-doing approach to education:

“PBL is a great way to apply theory to practice. We
get to design real life problems that combine subjects
and formulas and see how a project all fits together.
From my own experience in modules outside of PBL
there is a tendency to just study the past papers before
exams and work out the answers to examples in the
days before. For me most of this is forgotten and is
just a way of getting through the test. Whereas in PBL
we are required to write reports on projects we have
completed and to do this we must really understand
the subject. I remember many of the methods used to
solve problems through PBL modules from three years
ago. Whereas for other modules, I would need to cover
them again to get the basics.”

“Working in a team encourages the asking of
questions to other students, building relationships with
peers and motivates creative thinking.”

“I think it is a good thing as you learn how to work
as a team, and how to deal with different people and
personalities that work in the group, which at times

may be either difficult or easy. But it is something that
you have to learn to be able to do in future careers,
whatever they may be.”

“The workload can seem heavy because most of the
projects we do are open ended, and they are worked
on right up until the deadline.”

In conclusion, both cohorts enjoy the flexibility
and autonomy of the PBL teaching model. They also
acknowledge the power and efficiency of learning
through group work – confirmation of the adage:

“I pay the schoolmaster, but ‘tis the schoolboys
that educate my son.”

Ralph Waldo Emerson
(1803–1882)
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