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perspective
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ABSTRACT: Curricula were restructured in Croatia according to the Bologna process and implemented in
2005. The Faculty of Civil Engineering of the University of Zagreb has adopted a 3 + 2 system. Geotechni-
cal courses are taught at both cycles, and the second cycle includes a two-year specialisation in geotechnical
engineering. According to the experience gathered with four generations of graduate students in geotechnical
engineering, it seems that students have difficulties with grasping basic geotechnical concepts. Simple numerical
simulations are included in two courses with the intent to help students understand basic concepts and to pre-
pare them for more complex numerical modelling. However, it seems that this objective has not been achieved.
Possible reasons for this are presented in the paper from the teacher’s perspective. Remedial measures are not
easy to undertake, but they are necessary.

1 INTRODUCTION

In the fall semester of 2005, students enrolled at the
first year of studies at Faculty of Civil Engineer-
ing of University of Zagreb according to the new
undergraduate curriculum developed in line with the
Bologna Declaration. The three-year undergraduate
programme is common for all civil engineering stu-
dents. It includes a course in Soil Mechanics. Graduate
studies, also in line with the Bologna Declaration, are
two years long, and students can choose between 7
offered specialisations, among which is the special-
isation in geotechnical engineering (Szavits-Nossan
2008). The fourth generation of students is attending
the first year of this specialisation.

Having gathered teaching experience with the new
curricula, some observations can be made. As learn-
ing outcomes were defined at each cycle exit level,
it was intended that first cycle graduates should be
ready for employment, with some theoretical and some
practical knowledge. Nevertheless, about 90% of first
cycle graduates continue their education at the gradu-
ate level, and it can be observed that their knowledge
of topics covered at the undergraduate level is poor.
It mostly relates to theoretical background, which is,
in any case, essential for practical purposes.

Geotechnical topics covered during the first cycle
include soil formation, phase relationships, soil
classification, principle of effective stress, seepage,
consolidation, shear strength, drained and undrained
conditions, essentials of Eurocode 7, retaining walls,
shallow foundations, slope stability, and field investi-
gations. There are three class hours of lectures and two
class hours of exercises per week, within a semester
consisting of 15 weeks. With this list of topics, basic
soil mechanics principles escape students, who attend

graduate geotechnical courses without understanding
them. Namely, they have problems with seepage, stress
and strain analysis, consolidation, and drained and
undrained conditions. The aim of this paper is to illus-
trate an attempt to use simple numerical simulations
in two graduate geotechnical courses to clarify basic
soil mechanics concepts, and to prepare students for
the more demanding subsequent course in numerical
modelling. The author’s experience with four genera-
tions of graduate students who attended these courses
is presented and discussed. The results of this attempt
are not satisfactory. Several aspects of this problem
are discussed. On the one hand, new curricula brought
about new problems in civil engineering education,
and quality assurance measures are not fully imple-
mented. On the other hand, students’ attitudes towards
learning, inherited from the previous system, and still
pervasive, they mainly focus at just passing a course.

Although it might not altogether be an easy problem
to solve, in view of the author, only an in-depth
restructuring of new curricula, and revision of learning
outcomes can improve the situation. The undergrad-
uate Soil Mechanics course should provide students
with fewer topics, enforce basic concepts, and ensure
continuous student assessment during semester. In
order to do this, major changes should be under-
taken, which include the full implementation of
quality assurance measures.

2 NEW CURRICULA AND QUALITY
ASSURANCE

2.1 New curricula and problems involved

In 2003, the Croatian Parliament accepted the new Law
on Research and Higher Education, according to which
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all institutions of higher education had to restructure
their curricula following the Bologna process, and start
with new programmes in the fall of 2005. Most tech-
nical faculties in Croatia introduced a 3 + 2 system,
where the first cycle graduates are awarded a Bache-
lor degree and the second cycle ones a Master degree.
In the short period of two years left for creating new
curricula, courses were mostly shuffled between dif-
ferent semesters. At the Faculty of Civil Engineering
of the University of Zagreb, European Credit Trans-
fer System (ECTS) points were allocated according
to the weekly teaching load of lectures and exercises,
and no assessment of the real student load per course
was made.

The main problem with new curricula at the Fac-
ulty of Civil Engineering in Zagreb is that shuffling of
courses, as well as undergraduate learning outcomes
had drawbacks. Some basic courses were transferred
to the graduate level, and some practical courses to the
undergraduate level, with few changes in topics cov-
ered. Courses, such as Soil Mechanics, had to include
topics relevant for employing Bachelors who would
know how to design simple structures. This resulted in
unbalanced curricula with unspecified learning out-
comes for each course. At this point it seems that an
in-depth revision of curricula is necessary, in line with
good experiences in other European universities.

A comprehensive study of the design of civil engi-
neering curricula at University College Dublin (UCD),
for both cycles of a 3+2 Bologna-oriented programme,
with the emphasis on the second cycle curriculum,
was presented by Gavin (2010). In order to implement
outcome-based education, the Master of Engineering
(ME) curriculum at UCD consists of a series of core
civil engineering design courses and a design project,
a research oriented project, discipline specific elective
courses, and non-discipline elective courses. Students
also take courses in communication skills and ethi-
cal standards. The described curricula overcome the
shortfall in important skills developed among uni-
versity students. These skills include communication,
decision-making, problem-solving, leadership, emo-
tional intelligence and social ethics (Nair et al., 2009),
required by industry. This is not the case with civil
engineering curricula in Croatia, especially not at the
graduate level, where specialisations seem to be too
narrow, and students should be offered more elective
courses to adapt to their different preferences. Besides,
important skills such as the ones listed by Nair et al.
(2009) are not being developed during the studies.

2.2 Quality assurance and problems involved

The European Association for Quality Assurance in
Higher Education published Standards and Guide-
lines (ESG) for Quality Assurance in the European
Higher Education Area. Among standards and guide-
lines are those for internal quality assurance within
higher education institutions which should commit
themselves explicitly to the development of a culture
which recognises the importance of quality, and quality
assurance, in their work (ENQA, 2009). At University

of Zagreb, some quality assurance measures took place
with introducing new curricula in 2005. It has, how-
ever, taken 6 years for the university to develop the
policy and procedures for quality assurance, and these
are yet to be developed at faculties. It remains to be
seen how long it will take for implementing these
procedures at faculties. As opposed to good practice
in many European countries, the culture of quality
assurance in Croatia is more formal than exercised.

For example, student feedback is an integral part
of the continuous quality enhancement (Nair et al.,
2011). Nair et al. (2011) comment that student sur-
veys may not be effective without commitment of the
university, faculty management and academic staff to
act on the information provided by students in ques-
tionnaires. Another important aspect is that students
must be informed of (and must also see the evidence
of) such action, otherwise they would become cynical
and not participate in future surveys. Monash Univer-
sity in Australia, taken as the case university in Nair
et al. (2011), makes all evaluation reports public on
their website.

Contrary to this positive practice and recommenda-
tions, student surveys at Faculty of Civil Engineering
in Zagreb, at first accepted enthusiastically by stu-
dents, proved not to be productive. The main reason
for this is that survey results, except for statistics at
the level of the whole institution, have been kept under
the lid, so students have no information at all on their
evaluations of teachers. They are, thus, less and less
motivated to fill out the questionnaires. Another prob-
lem is that university and faculty managements do
not take any productive steps toward poorly graded
teachers, even though, formally, student survey results
should affect their promotion.

Student surveys are also conducted after the end
of each of the two cycles of studies. In these sur-
veys students are asked questions on their satisfaction
with different aspects of the study organisation and
efficiency, ECTS points, faculty management, admin-
istration, library and computing facilities. Even though
the results of these surveys, at least at the Faculty of
Civil Engineering, show that major improvements of
the system should be undertaken, not much has been
done about students’ opinions.

Besides the need to fully implement ESG measures,
Agrawal & Khan (2008) report that to improve the
quality of education, teachers are challenged to shift
their focus from what they teach to what their students
learn. Learning is addressed in the next Section.

3 LEARNING AND STUDENT ATTITUDES

Present theories of learning are founded on the premise
of constructivism. Learning theories based on con-
structivism assume that learning is a cognitive process,
a result of mental effort and activity. The constructivist
approach to teaching encourages students to use crit-
ical thinking skills and to understand the causes and
effects of ideas and action (Kolari et al., 2008). Kolari
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et al. (2008) state the definitions of two approaches to
learning by Ramsden (1992).A deep-level approach to
learning includes a meaningful construction of knowl-
edge, understanding by focusing on what is significant,
relating previous knowledge to new information, and
organising content to get a holistic view of a subject. In
the surface-level approach, the attention is on memo-
rising facts and data, and reproducing them later apart
from context, without relating them to anything, and
without necessarily understanding. Ramsden (1992)
considers that the choice of learning approach is both
student-related and influenced by the learning envi-
ronment. Discussing why the learning environment
might not be designed so that students are motivated to
assume a deep approach to learning, and devote more
time and effort to out-of-class studying, Kolari et al.
(2008) provide possible explanations: unrealistic cur-
ricula, course structures and workloads, information
transmission as a teaching orientation, lack of commit-
ment from both teachers and students, and an incorrect
understanding of academic freedom. Some of these
issues were addressed in the previous Section.

This Section focuses on attitudes of students at the
Faculty of Civil Engineering in Zagreb, from the point
of view of the author. According to results of assign-
ments, tests and examinations administered by the
author, and according to experience of other teachers,
only about 10% top students make the effort to follow
lectures thoroughly, to understand the principles and
to apply them in exercises. They think and link what
they have learned in different courses, thus applying
the deep approach to learning. All others try to figure
out what is essential to pass the course, and concen-
trate on reproducing results that are expected to get a
passing grade. With a lack of written rules, they rely on
the previous student generation rendition on require-
ments to pass the course. For example, students are
used to the assumption that a soil is homogeneous and
isotropic, when deriving a soil mechanics theory. If,
however, they are asked to define a homogeneous and
isotropic soil, they mostly fail to provide the correct
answer. This particular majority student attitude might
not be specific of Croatia, but it does have its roots
deeply embedded in the whole Croatian educational
system, starting from elementary school. Children are
not encouraged to think and discuss in school, but
rather to memorise class topics. Furthermore, stu-
dents rely on the ‘solidarity’of top students in sharing.
Those who refuse to share, not only for assignments
but also during written tests and examinations, are
considered outcasts. It is not easy to deal with this
approach to studying.

4 COMPUTER-AIDED LEARNING

Limniou & Smith (2010) report on an investigation
conducted to get an insight into how teachers and stu-
dents responded to the use of computer aided learning
in engineering education and what their expectations
were from online courses. It was more demanding for

teachers than students to take part in this investigation.
Students are accustomed to frequent communication
through online discussion boards and they welcomed
the participation of teachers in the quick individual
feedback through emails. They appreciated more the
use of websites for teaching than teachers did, but they
still consider printed course material as relevant. Stu-
dents also want to have all important information on a
course on the website, but, interestingly, only 56% of
them like online learning modules, as opposed to 75%
of teachers. Rothberg et al. (2006) had reached similar
conclusions from an extensive case study on computer
aided learning in engineering. Students do like the use
of computers in class. They want animations, simu-
lations, images and videos, but they still want notes
to take away. Thus, a blended approach of traditional
teaching methods and new technology benefits proves
to be the best for students and teachers.

For geotechnical education, Jaksa et al. (2000) pro-
vide an extensive list of stand-alone PC programs,
such as CATIGE for Windows or SLOPE/W (student
version), web-based resources, such as a collection of
civil engineering projects in the Hong Kong region
or geotechnical courseware, and CD-ROM resources
with written materials, videos and photographs. This
diversity of computer materials is helpful to attract
student attention.

In this paper the emphasis is on the use of commer-
cial computer software in two graduate geotechnical
courses for simulating simple geotechnical problems
to help students understand basic soil mechanics prin-
ciples. Since the same software is used in the follow-
ing semester for the course Numerical Modelling in
Geotechnical Engineering, where complex geotechni-
cal problems are solved, this is also a good introduction
to this software.

A prerequisite for numerical modelling in geotech-
nical engineering is a good knowledge of soil
mechanics and constitutive relationships. Additional
prerequisites are the knowledge of the finite element
method and meshing (if used), and of the strength of
materials. Reese & Isenhower (2000) and Mesat &
Riou (2000) comment on these issues. The first pre-
requisite was supposed to be covered by introducing
simple numerical simulations in graduate courses Soil
Mechanics II and Flow Processes in Soils and Rocks.
Three modules of the software GeoStudio (full licence)
are used. Module SIGMA/W is used for stress-
strain analyses, SEEP/W for steady state and transient
seepage problems, and SLOPE/W for slope stability
analyses. The first two modules use the finite ele-
ment method, and the third module uses the method of
limit equilibrium. Experience from introducing these
numerical simulations is presented in the next Section.

5 NUMERICAL SIMULATIONS

Whenever you use new computer software and look at
the manual, there is a suggestion to start from simple
problems. This especially holds true for geotechnical
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software, because water in soil makes effective stresses
responsible for deformations. According to this sug-
gestion, simple geotechnical problems are first solved
to illustrate the principle of effective stress, steady
state seepage through soil, undrained and drained con-
ditions in triaxial testing, shear strength, dilatancy
and soil consolidation. The complexity of problems
increases during the semester, so flow of water through
unsaturated soil and slope stability analysis above the
phreatic surface are also covered.

Figures in this Section show these simple numer-
ical simulations. However, simple problems may
not always lead to straightforward understanding of
physics behind numerical modelling. After students
master the elementary commands of the software,
which is user-friendly, their performance in class is
less than satisfactory. All examples shown here are
such that students can make their own hand calcula-
tions prior to numerical simulations.This is where they
show that they mostly cannot provide correct results.

Figure 1 shows a soil model with the finite ele-
ment mesh and the boundary conditions, prepared for
the steady state seepage analysis with SEEP/W. At the
upper boundary of the model the total head is 4 m, and
at the lower boundary it is 1 m. Students are also shown
that the same result can be obtained if boundary condi-
tions are given by pressure heads. This exercise is also
intended to explain the principle of effective stress, so
the resulting total heads in all nodes are taken as initial
conditions for the corresponding model in SIGMA/W
(Figure 2). The straightforward distribution of total

Figure 1. Model and boundary conditions for steady state
seepage.

Figure 2. Model and boundary conditions for calculating
total and effective stresses.

stress through the model is presented in Figure 3.
Diagrams of the form such as the one in Figure 3 can
be obtained for all relevant variables.

In this case the problem arises when students are
asked to calculate total and effective stresses at the
lower boundary of the model, before showing them
computational results. They either forget the water on
top of the soil for total stress, or miscalculate the pore
water pressure at its bottom. The same occurs with
other similar examples, even after they are shown the
diagram in Figure 3.

The next example (Figure 4) shows the model for
steady state seepage through layered soil. Boundary
conditions are the same as in Figure 1. This example
can serve to illustrate deriving the equivalent coeffi-
cient of permeability for a homogeneous soil of the
same total height. Distributions of hydraulic gradients
and Darcy velocities through the model, and fluxes
through layers can be shown to students. Figure 5
shows lines of equal pressure heads and their uneven
distribution, and the diagram of pore water pressure
through the model is presented in Figure 6. Both these
figures surprise students.

Simulations of triaxial tests are first made with
the linear-elastic constitutive model. The effects of
drained and undrained loading are explained by Mohr
circles and stress paths, and Skempton parameters A
and B are introduced. Even though students recognise
that B = 1 corresponds to a fully saturated soil, and
they can envisage the spring analogy for consolida-
tion process when the piston is closed, they are not

Figure 3. Vertical total stress through the model.

Figure 4. Model for steady state seepage through layered
soil.
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aware of all effects of triaxial undrained loading. Once
they accept that undrained conditions correspond to
no volume change, the change of pore water pressure
and the corresponding change of effective stress in

Figure 5. Lines of equal pressure heads (m).

Figure 6. Pore water pressure through the model.

Figure 7. Simulation of triaxial undrained isotropic com-
pression test.

Figure 8. Excess pore water pressure through the model
after isotropic compression.

undrained shear appears to them as contradictory to
the principle of effective stress. Figure 7 shows the
soil model for triaxial undrained isotropic compres-
sion and Figure 8 shows the corresponding increase in
pore water pressure. The excess pore water pressure
is then allowed to dissipate, and total stresses from
isotropic compression are taken as initial conditions
for triaxial undrained shear (Figures 9 and 10).

The elastic-plastic constitutive model for triax-
ial simulations is introduced to illustrate the Mohr-
Coulomb strength criterion and dilatancy. Figure 11
shows the soil model for the simulation of a
displacement-controlled drained triaxial test, where
total stresses from the previous isotropic compression
are taken as initial conditions. A vertical displacement

Figure 9. Simulation of triaxial undrained shear test.

Figure 10. Excess pore water pressure through the model
after shear.

Figure 11. Model and boundary conditions for deforma-
tion-controlled drained triaxial test.
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Figure 12. Elastic-plastic stress–strain relationship.

Figure 13. Volumetric strain (angle of dilatancy is zero).

Figure 14. Volumetric strain (angle of dilatancy is 6◦).

of 1.5 cm is imposed in 30 increments. The result-
ing elastic-plastic effective stress – strain relationship
is shown in Figure 12. In this example, the angle of
dilatancy is zero. Volumetric strains (Figure 13) show
elastic and plastic behaviour. They are constant in the
plastic zone. The same example is repeated with the
angle of dilatancy of 6◦. Volumetric strains (Figure 14)
now decrease in the plastic zone, whereas the effective
stress – strain relationship is the same as the one in
Figure 12.

In this instance, it seems difficult for students to
grasp plastic soil behaviour. The Mohr-Coulomb fail-
ure criterion, when looked at superficially, makes
most students perceive the soil crumbles immediately
after reaching the shear strength. When dilatancy is
included, it is, thus, more difficult for them to foresee
what is occurring within the soil.

Figure 15. Model and boundary conditions for consolida-
tion after lowering of water table (final state).

Figure 16. Isochrones through the model (time is in
seconds).

The last example deals with consolidation. Even at
the undergraduate level students have problems with
understanding the relationship between loading a fully
saturated fine-grained soil, the gradual transmission
of excess pore water pressures to effective stresses and
the consequent soil deformations. When they reach the
graduate level, and should start thinking about what is
happening in different situations involving the consol-
idation process, it becomes apparent the process itself
is not clear to them.

A clay model is used for simulating consolidation.
It is assumed that on top of the clay layer there is a layer
of sand, 2 m thick, and the water table is originally on
the surface of sand. The water table is then lowered in
sand by 1 m. Initial conditions for this model are cal-
culated first, with water table 2 m above the model
surface, resulting in consequent stresses and pore
water pressures. For the final condition, pressure head
of 1 m is specified at the model top boundary (Fig-
ure 15).This problem requires the use of both SEEP/W
and SIGMA/W modules for one-dimensional coupled
consolidation.

Isochrones resulting from this analysis are shown
in Figure 16. When given this example, only a few
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Figure 17. Example of an excavation with the diaphragm
wall, strut and anchors.

Figure 18. Example of stability analysis of a slope rein-
forced by anchors.

students reached the presented results. It is interesting
to note that students were asked to draw by hand dia-
grams of the initial and final vertical effective stress
distributions through the model, before computations,
to help them understand the increase in effective
stresses due to lowering of water table. Only those
few students who performed correct computations
provided the two diagrams.

Following courses in Soil Mechanics II, and Flow
Processes in Soils and Rock, there is a graduate course
in numerical modelling of more complex geotech-
nical problems to prepare students for solving these
problems by computers when they are in practice.
The emphasis in this course is on the true meaning
of engineering judgement necessary to select input
parameters and to review computation results with
understanding. Some examples of problems solved
during this course are presented in Figures 17 and 18.
However, students are not ready to apply engineer-
ing judgement based on their previous knowledge,
because their acquired knowledge is mostly poor.

6 CONCLUSIONS

Introducing new curricula according to the Bologna
process and of quality assurance measures in Croatia
has not brought about satisfactory results. In the

opinion of the author, the reasons for this at the Faculty
of Civil Engineering in Zagreb are: new curricula are
unbalanced, which is especially important at the under-
graduate level; courses, such as Soil Mechanics, are
overloaded and not thought through; core civil engi-
neering courses are not accompanied by those required
by industry, such as courses in communication skills
and ethical standards; graduate specialisations are too
narrow, and they include compulsory courses which
would much better be suited as electives; quality
assurance measures are not fully implemented; most
students have a surface-level approach to learning.

To illustrate unsatisfactory results of curricula at
the Faculty of Civil Engineering, examples of sim-
ple numerical simulations are described in the paper.
These simulations were intended to help students
understand basic soil mechanics principles, and to
prepare them for the more demanding course in numer-
ical modelling. It was thought that new generations of
students would positively respond to computer aided
learning. However, most students show in class results
which are not satisfactory, and the underlying princi-
ples still escape them. As stated above, it is not their
fault alone.

This situation requires remedial measures. It is,
however, easier to state the problem than it is to solve
it. All issues listed above should be properly addressed
by faculty and university managements. From the two-
year experience in restructuring old curricula, it seems
that the major issue is how to restructure new ones
to have satisfactory courses with reasonable learning
outcomes in line with the needs of the profession.

Finally, graduate students who mostly have not mas-
tered topics covered in their undergraduate study are
not ready to accept what is offered at the graduate level.
This should be a warning sign for changes that need to
be made to educate Masters of Civil Engineering who
are well prepared for all the challenges of their future
employment.
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