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in Soil Mechanics courses
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University of Aveiro, Aveiro, Portugal

ABSTRACT: The implementation of the Bologna Process enforced a significant change on the traditional
learning models, focused mainly on the transmission of knowledge. The use of a cooperative learning (CL)
model in the Soil Mechanics courses (undergraduate level) of the Department of Civil Engineering, University of
Aveiro, Portugal, is described. The students were confronted with situations recreating a professional atmosphere
in Geotechnics. Mandatory team project assignments were allocated, where each student had to fulfil both specific
and rotational roles. All students performed the necessary functions (different in each project), representing the
corresponding role – jigsaw. These roles had, as much as possible, a parallel to functions normally fulfilled
by engineering professionals. The impact of the implemented model was assessed using students’ feedback,
monitoring of marks and questionnaires. Their results are presented and discussed. Some additional reflections
on the impact of the CL system on the teacher’s work are also included.

1 INTRODUCTION

1.1 Scope

Traditional engineering educational strategies such as
lecture, laboratory experiences and homework have
been criticized because they inadequately prepare
engineering students to engage in the collaborative
partnerships that are essential for the practising engi-
neer (Stump et al. 2011). These methods have also
been criticized because they promote passive learn-
ing and a compartmentalized curriculum that may not
prepare students for the innovative and flexible role of
engineers in today’s society.

To fulfil the industry’s increasing demands, it is gen-
erally accepted that Civil Engineering graduates and
postgraduates should have broad technical knowledge,
significant generic competences and soft skills. Some
examples are: efficient communication, orally and in
writing; development of human relations, particularly
the ability to work in a team; ability to work with a
computer.

To respond to the demands of the Bologna process
in changing the learning paradigms, to increase the
employability of the Civil Engineering graduates and
postgraduates at University of Aveiro (UA), Portugal,
and to improve the overall quality of the program,
the author implemented some non-traditional teaching
and learning strategies in most of the courses under her
coordination. The author then analyzed their impact
to assess the effect of such strategies on enhancing
students’ learning.

In two sequential Soil Mechanics courses a coopera-
tive learning system was used. The aim was to enhance
students’ learning while helping the development of

soft skills and creating opportunities for the students to
become familiar with typical numerical tools currently
used in Geotechnics.

After the implementation of the Bologna Process in
Portugal, all Civil Engineering students have to com-
plete a 2nd cycle degree (M.Sc.) to have full access to
the profession. Thus, a secondary aim was to prepare
the students better to develop scientific research work
and to write a dissertation.

The first format of such a model and the initial
perception of the impact on students has been pre-
sented and described by Pinho-Lopes et al. (2011).
In a companion paper, Pinho-Lopes (2012), the use of
computing and software in this model is presented.

2 BACKGROUND

2.1 Cooperative learning

Cooperative learning (CL) is a form of active learn-
ing. Prince (2004) says that active learning is generally
defined as any instructional method that engages stu-
dents in the learning process. Active learning requires
students to do meaningful learning activities and think
about what they are doing.According to Felder & Brent
(2009), active learning is anything course-related that
all students in a class session are called upon to
do other than simply watching, listening and taking
notes. Quoting several authors, Prince (2004) tries
to distinguish between two forms of active learning:
collaborative and cooperative learning. The author
mentions that collaborative learning refers to any
instructional method in which students work together
in small groups toward a common goal. As such,
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collaborative learning can be viewed as encompass-
ing all group-based instructional methods, including
cooperative learning. In contrast, some authors distin-
guish between collaborative and cooperative learning
as having distinct historical developments and differ-
ent philosophical roots. In either interpretation, the
core element of collaborative learning is the empha-
sis on student interactions rather than on learning as a
solitary activity.

Lara & Repáraz (2005) state that CL consists of
the didactic use of reduced groups, in which students
work together to maximize their own learning and
that of others. According to Johnson et al. (1998),
CL refers to work done by student teams producing a
product of some sort under conditions that satisfy five
criteria: positive interdependence, individual account-
ability, face-to-face interaction for at least part of the
work, appropriate use of interpersonal skills, and reg-
ular self-assessment of team functioning (Felder &
Brent 2007a). Smith et al. (2005) report that exten-
sive research has shown that relative to traditional
individual and competitive modes of instruction, prop-
erly implemented cooperative learning leads to greater
learning and superior development of communication
and teamwork skills.

Engineering and science are traditionally taught
deductively (Prince & Felder 2006). The instructor
introduces a topic by lecturing on general principles,
then uses the principles to derive mathematical mod-
els, shows illustrative applications of the models, gives
students practice in similar derivations and applica-
tions in homework, and finally tests their ability to
do the same sorts of things on exams. Little or no
attention is initially paid to the question of why any
of that is being done. What real-world phenomena
can the models explain? What practical problems can
they be used to solve, and why should the students
care about any of it? The only motivation that stu-
dents get, if any, is that the material will be important
later in the curriculum or in their careers (Prince &
Felder 2006).

Stump et al. (2011) present a summary of the state of
the art on collaborative learning. The authors highlight
that it is important to note that not all collabora-
tive activities are successful. Simply putting students
together does not guarantee knowledge construction or
increased academic achievement, and researchers have
devoted considerable effort to discover the conditions
that promote effective and ineffective collaboration.
Slavin (1996), quoted by Stump et al. (2011), main-
tained that a common group goal is necessary for
collaboration to be effective, and that achievement of
the group goal should be evaluated via individual per-
formance of each group member, e.g., a final math
unit grade for each group member should be derived
from the average of all group members’ quiz grades.
More recent studies however, have focused on charac-
teristics of the collaborative exchange itself as the unit
of analysis.

Mourtos (1997) highlights two good reasons for
using CL in engineering classes. First, research has

repeatedly shown that students learn better when work-
ing with each other than when working in isolation or
competing against each other. Second, it forces stu-
dents to practice team and small group communication
skills which are a must in the real world.

Adams et al. (2011) present interesting perspec-
tives on engaging future engineers. About the work
of Marilla Svinicki they say: “learners do not really
understand until they can apply that understanding to a
personal demonstration of the learning.This is actually
the principle behind the effectiveness of active learn-
ing. It is based on the fact that learning requires feed-
back, and interaction with the environment provides
the best and most generalizable feedback. Observing
someone else solving a problem results in a shallow
understanding (…). Solving it yourself makes all those
connections real. The implications for teaching are
fairly obvious, and yet we frequently ignore them. We
act as if once we have said it students have understood
and learned it. In reality it isn’t until they have been
required to do it that learning occurs”.

Reed Stevens introduces the concept of a socio-
technical engineering education. A re-imagined engi-
neering education starts from two basic principles: (1)
the socio needs to be balanced with the technical and
(2) it should be as hard (or as easy) to pull apart the
socio from the technical in the educational experience
as it is in the realization of successful engineering
projects (Adams et al. 2011).

Jigsaw is a cooperative learning structure appli-
cable to team assignments that call for expertise in
several distinct areas (Felder & Brent, 2007a). For
example, in a laboratory exercise, areas of exper-
tise might include experimental design, equipment
calibration and operation, data analysis (including sta-
tistical error analysis), and interpretation of results
in light of theory, and in a design project the areas
might be conceptual design, process instrumentation
and control, safety and environmental impact evalu-
ation, and cost and profitability analysis (Felder &
Brent, 2007a).

A good structure for cooperative learning assign-
ments has been developed by Michaelsen, where all
cooperative learning assignments should be charac-
terized by “The Three S’s”: same problem; specific
choice; simultaneous report (Triten 2001).

Instructors who attempt CL frequently encounter
resistance and sometimes open hostility from the stu-
dents (Felder & Brent 2007a). Some strategies to deal
with dysfunctional teams are put forward by Felder &
Brent (2001).They state that often group conflicts stem
from different expectations group members have for
one another.To get groups off to a good start, the group
members should prepare and sign a list of ground rules
they all agree to observe. Then a few weeks into the
semester, the teachers should make the groups revisit
their lists and evaluate how well they are doing in
meeting the expectations they set for themselves. An
in-class troubleshooting exercise is a good tool for
equipping students to deal with specific interpersonal
problems that may surface (Felder & Brent 2001).
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2.2 Bologna process in Portugal

Before the Bologna Process in Portugal there were
four levels of studies: 3 years (“bacharelato”); 5 years
(“licenciatura”); 2 years (“mestrado”); 3 to 4 years
(Ph.D.). The most visible transformation from the
Bologna Process in Portugal was the degrees’ reor-
ganisation in three cycles: 1st cycle, 3 years (“licen-
ciatura“); 2nd cycle, 2 years (“mestrado”); 3rd cycle,
3 to 4 years (Ph.D.).

The engineers’ professional organization in Por-
tugal demands a minimum of 5 years’ scholarship
for civil engineers to be responsible for all types of
projects. Thus, most civil engineering programs are
organized in two integrated cycles (1st and 2nd cycle)
leading directly to a M.Sc. degree.

The Bologna process also implies changes of the
teaching and learning process. In fact, shifting the
emphasis from teaching to learning is one of the major
consequences of such reform.

3 CASE STUDY

3.1 Soil Mechanics courses

Presently the Civil Engineering degree in UA is
organized in 2 integrated cycles of 5 years (10
semesters), corresponding to 300 ECTS. ECTS stands
for European Credit Transfer System. Each ECTS
credit unit represents 25 to 28 hours work, which
includes, apart from class time, individual study time,
preparation of reports, bibliographical research, prepa-
ration for examinations, etc. (UA 2010).

The Civil Engineering program at UA includes two
consecutive Soil Mechanics courses in the 3rd year,
thus included in the 1st cycle (undergraduate).

The aim of the Soil Mechanics I (SMI) course is
the understanding of basic concepts and fundamental
quantities of Soil Mechanics, so that, later, they can be
applied in the design of civil engineering structures.
The syllabus is grouped into:

1 Physical properties and soil identification. Sedi-
mentary and residual soils;

2 Stress state in soils. Capillarity;
3 Water in soils. Seepage;
4 Compressibility and consolidation of clay soils.

The Soil Mechanics II (SMII) course is focused
mainly on the mechanical behaviour of soils (in par-
ticular, its strength). Concepts, theories and methods
generally used for the design of civil engineering
structures are presented. Emphasis is placed on works
where the stability depends essentially on the soil’s
strength. The field tests generally used to characterize
the mechanical behaviour of soils are also presented.
The course syllabus is grouped into:

1 Introduction to shear strength of soils. Shear
strength and stress-strain relationships in sands and
in clays;

2 Lateral earth pressures; Earth retaining structures;
3 Stability of slopes and embankments;
4 Sampling and in situ tests.

All the stability analyses are carried out using both
global safety factors and the partial safety factors
approach from Eurocode 7 (EN 1997-1:2004).

The Soil Mechanics courses correspond to 6 ECTS
each and typically have 60–90 students per school
year. The weekly timetable of SMI consists of one
Theoretical-Practical (TP) lesson with a limited num-
ber of students (up to 45) and a duration of 2 hours,
which includes a practical component, and one Prac-
tical (P) lesson with a duration of 2 hours and limited
to 25 students. The weekly timetable of SMII consists
of 2 TP classes.

More details can be found in Pinho-Lopes (2012).

3.2 Cooperative learning model used

3.2.1 Model and assessment
The implementation of this CL model has been done
right after a workshop in the UA on the subject by
Richard Felder and Rebecca Brent and their sug-
gestions have been the first inspiration. A jigsaw
model which included mandatory team projects was
implemented, with “The Three S’s” characteristics.

In this first year (2007/2008) this CL model was
used in both SMI and SMII courses. This was contin-
ued in the SMI course, where a teaching team of 2 or 3
people has been working. Later, for the SMII course,
a “lighter” version has been adopted, as the author has
been teaching the course on her own.

The assessment system implemented was defined
using suggestions by Felder & Brent (2007b) and
included two assessment elements: four team projects,
developed during the semester, and one test. For the
students who failed there was a second chance of
passing – a final exam, where the team projects’ mark
was still considered.

The team projects were compulsory to all students.
During the semester, students prepared four projects
(one per syllabus’chapter) and presented some of them
orally to teachers and colleagues. The projects to be
presented were chosen by the teachers, based on the
necessity of clarifying some key points.

The projects were prepared in groups of four stu-
dents with specific individual functions in each work
and mandatory rotations.These roles were: laboratory/
informatics technician, analyst, reporter and coor-
dinator. This way, all students performed the four
established functions (a different one in each project),
representing the corresponding role – jigsaw project
system.

The laboratory technician had to carry out labora-
tory tests to identify and characterize a soil sample.
The informatics technician had the responsibility of
using numerical tools, e.g. finite element programs.
Such numerical tools are freeware versions, with stu-
dent licenses, of commercial software currently used
by engineers when studying geotechnical problems.
Writing spreadsheets and analysing, interpreting and
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discussing the results obtained was carried out by the
analyst. The reporter assumed the preparation of the
written part of the project, which included a short
state of the art and a description of the work of his/her
colleagues. Last, the coordinator had to organize the
group, guaranteeing that all members followed the
deadlines and exchanged information.

These roles had, as much as possible, a parallel
to functions normally fulfilled by engineering pro-
fessionals. Thus, a jigsaw project system was imple-
mented, promoting positive interdependence between
students. Areas of expertise were defined, correspond-
ing to the several roles (literature review, theory,
experiment, data analysis, etc.). At the beginning of
the semester, the students assigned with a particu-
lar task were put together in expert groups and each
group received specialized training, resources and
checklists. Each team member had to make sure that
his/her area of expertise was covered adequately in
the team project.

To allow students to fulfil the different roles
defined, each project includes different perspectives of
the corresponding part of the syllabus. Thus, on each
project it is necessary to prepare a short state of the art
on the subject, to carry out laboratory tests or to per-
form numerical simulations, to do calculations using
theoretical solutions and to compare and criticize the
results obtained. When possible, the same geotechni-
cal problem is used throughout the semester, allowing
students to analyze different perspectives of the same
problem. More details on the problems prepared, par-
ticularly on the use of computing and software on
these projects, are included in a companion paper
(Pinho-Lopes, 2012).

All the team members had to orally present part of
the work and answer questions from both teachers and
colleagues, regardless of their function.

To get individual accountability, the test covered
all subjects of the course’s syllabus and the individual
mark on the project was obtained by applying a weight
to the team’s project mark, based on the students’ self
and peer assessment within the group (according to
Felder & Brent 2007b).

All information was available for students via the
e-learning system at UA, where group areas were
created, allowing groups to save and exchange files,
e-mails and short messages.

Later another task was assigned to the team
coordinator: read and summarise a scientific paper in
English on the projects’ subject.

Currently, in the SMII course, there are fewer team
projects (1 to 2) and the roles are not imposed. The
whole team is responsible for all the work. Individual
accountability is also done in the same way.

3.2.2 Group formation and functioning
The teachers grouped the students based on their
answers to a questionnaire on both the marks obtained
in previous courses and the time available for group
work. Students were grouped heterogeneously, in
terms of marks, trying to ensure balanced groups (each

group including students of different levels and with
compatible schedules).

Grouping the students caused some complaints. In
some more extreme cases the teachers’ intervention
was necessary in order to get some groups to dialogue
and to better organize themselves. Thus, it was neces-
sary to define some strategies to resolve such conflicts.
Using suggestions by Felder & Brent (2007b), two
types of approaches were used: 1) brief sessions in the
theoretical-practical lessons to discuss typical prob-
lems, followed by in-class small group brainstorm and
sharing of strategies (1 per semester was sufficient);
2) promotion of meetings of teams in conflict with a
teacher to promote the dialogue and to define prob-
lem solving strategies. In some cases one meeting was
enough, nevertheless, in some more difficult cases,
it was necessary to join the group in conflict with a
teacher more than once (Pinho-Lopes et al. 2011).
These groups were more closely supervised by the
teachers, to observe if and when the approaches used
to overcome conflicts had been successful. The peer
assessment after each project confirmed such success.

3.2.3 Teachers’ role on the CL model
Adapting the teaching strategies used was essential, in
order to adjust them to the teaching team’s aims. The
author believes that in a CL model there is also a need
and a place for traditional teaching, for example, in
the form of lecturing and individual problem solving.
Such strategies were kept and conciliated with the CL
approach.

Ensuring the relevant subjects were covered ade-
quately before their practical application in the projects
was achieved by doing a very thorough lessons’
programming (both contents and sequence). In the
theoretical-practical lessons, lecturing of the funda-
mental concepts was aided by slides and, when-
ever possible, they were applied in simple problems
(worked on by the students). Such a strategy was
used to consolidate the concepts and “force” an active
posture. A compilation of practical problems was
prepared for the practical lessons, including exercises
simulating real cases and tests and exams from pre-
vious years. They were given to students, without the
corresponding solutions.

The CL model obliged teachers to adopt different
roles as it demanded different skills. For example, it
was essential to convince students of the method’s
importance, by explaining the parallels between the
academic working conditions and professional life.
To help solve team conflicts, it was fundamental to
organize team meetings, listen to the students and
make them talk to each other, and, occasionally, to
deal with some emotional reactions.

After each project, the report was assessed and the
corresponding marked-up report was available to each
group. A more general document, including the most
common and more significant mistakes and problems
observed, was also made available to all students.
The aim was to improve the reports of the following
projects as well as providing feedback.
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To support the oral presentations, additional ele-
ments were prepared: templates and layouts; docu-
ments with general rules and with suggestions on how
to organize a successful presentation. Brainstorms dur-
ing theoretical-practical lessons on good versus bad
strategies and postures to adopt during presentations
were also highlighted.

4 ASSESSMENT OF THE CL MODEL

4.1 Research methodology used

When first using this CL model, the author felt the
need to evaluate its success and impact on students’
learning. Therefore, different and complementary
strategies were used: students’ feedback during the
semester; marks monitoring; and questionnaires at the
end of the semester. Results from the 1st and 2nd edi-
tions in the SMI course are presented and discussed
by Pinho-Lopes et al. (2011).

During the semester, informal opinions regarding
the implemented evaluation system were asked of
students (orally and written, anonymously).

To better understand the efficiency of the imple-
mented model, a statistical analysis of the number
of students enrolled, which attended, evaluated and
obtained pass mark was carried out.

Questionnaires were prepared and divided into two
large blocks of questions: 1) course organization and
implementation; 2) functioning of the teams during
the projects. For most of the questions a five-point
Likert scale was used.

This paper includes new results from the assessment
of the CL model in the SMII course (1st edition –
2007/2008).

4.2 Main results from the assessment

The CL model was described to students in the first
lesson. The first time this was done, the students were
very resistant and suspicious. There were two main
reasons for such an attitude: 1) the increased work and
responsibility associated with the cooperative learning
model; 2) the nature of the groups’ formation. Most
students were used to working in groups with friends
and were not willing to be in teams with people they
did not know.To overcome such problems, the teachers
explained the CL objectives and the expected bene-
fits. Moreover, they also promoted some simple team
building exercises during theoretical-practical lessons
and raised some brainstorm questions to promote a
more active behaviour.

During the semester, the students complained they
were having problems associated with: the group for-
mation, some group conflicts, different perspectives
and ambitions for their marks, the course workload,
using and understanding the software and the weight
of the projects mark on the final mark (in the 1st edition
of the CL model).

Table 1. Distribution of the assessment results.

Course SMI SMII

Year 2007* 2008+ 2007*

No of students

Enrolled 91 63 75
Starting the course frequency 84 56 72
Quitting before finishing all projects 2 0 0
Concluding the continuous assessment 73 56 61

Pass 48 41 39
Fail 21 13 20
Quit 4 2 2

Undergoing the final exam 25 22 33
Pass 10 17 28
Fail 15 5 3
Quit 1 0 2

Undergoing a type of assessment 77 56 69
Pass 58 52 66
Fail 16 4 3
Quit 3 0 0

* School year 2007/2008; + School year 2008/2009

Figure 1. Distribution of the final marks in 2007/2008 and
2008/2009.

In Table 1 the assessment results distribution refer-
ring to SMI, 2007–2008 and 2008–2009, and SMII,
2007–2008, is presented.

In terms of academic success, the CL model resulted
in the approval of 64% (SMI 2007/2008), 83% (SMI
2008/2009) and 88% (SMII 2007/2008) of the enrolled
students. The greatest majority of the approvals cor-
respond to the continuous assessment. From the stu-
dents that underwent a type of assessment, 75% (SMI
2007/2008), 93% (SMI 2008/2009) and 96% (SMII
2007/2008) passed.

In 2007/2008 the success rate for SMII was higher
than for SMI. Most of the students indicate that after
a 1st experience with the CL model that they were
more comfortable with it.

Figure 1 shows the distribution of the final marks.
There is a reduction of the fail marks (under 10) from
the 1st edition (SMI 2007/2008) to the following ones.
Relative to the global average marks, there is a slight
improvement, which is expressed in an average rat-
ing of 10.8 (SMI 2007/2008), 11.2 (SMI 2008/2009)
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Table 2. Results obtained for block 1 of the questionnaires:
course organization and implementation.

NVA* Mode Mean SD+

Q1 SMI 2007/2008 31 3 3.52 0.570
Q1 SMI 2008/2009 55 4 3.75 0.615
Q1 SMII 2007/2008 67 4 3.66 0.538
Q2 SMI 2007/2008 32 4 3.91 0.689
Q2 SMI 2008/2009 51 4 3.92 0.659
Q2 SMII 2007/2008 66 4 3.95 0.689
Q3 SMI 2007/2008 30 4 3.13 1.008
Q3 SMI 2008/2009 51 4 3.45 0.832
Q3 SMII 2007/2008 63 3 3.38 0.682
Q6a SMI 2007/2008 31 2 2.45 1.362
Q6a SMI 2008/2009 55 2 2.58 1.487
Q6a SMII 2007/2008 67 2 2.52 1.119
Q6b SMI 2007/2008 31 3 3.39 0.715
Q6b SMI 2008/2009 55 4 3.55 0.812
Q6b SMII 2007/2008 65 4 3.58 0.827
Q6c SMI 2007/2008 31 4 3.71 0.824
Q6c SMI 2008/2009 54 3 3.54 0.946
Q6c SMII 2007/2008 66 4 3.74 0.686

* Number of valid answers; + Standard deviation
Q1 – Course degree of difficult (1 –Very easy; 5 –Very hard);
Q2 – Adequacy of the study elements indicated (1 – Lower;
5 – Higher);
Q3 – Adequacy of the assessment methods to the defined
objectives (1 – Lower; 5 – Higher);
Q6a – Adequacy of the proposed activities to the course
contents – work volume appropriate to the available time
(1 – Lower; 5 – Higher);
Q6b – Adequacy of the proposed activities to the course con-
tents – degree of difficult/complexity (1 – Lower; 5 – Higher);
Q6c – Adequacy of the proposed activities to the course
contents – interest and relevance (1 – Lower; 5 – Higher).

and 11.4 (SMII 2007/2008). The average mark of the
approved students is similar in all editions: 11.7, 11.5
and 11.6 in SMI 2007/2008, 2008/2009 and SMII
2007/2008, respectively.

Tables 2 and 3 show some of the results obtained
from block 1 (course organization and implementa-
tion) and block 2 (team projects), respectively, of the
questionnaires for SMI and SMII.

The number of students that answered the ques-
tionnaire is very different in the 1st edition, SMI
2007/2008 (32, 38% of the total students who attended
the course) and in the following: SMI 2008/2009 (55,
98% of the students) and SMII in 2007/2008 (68,
94% of the students). Such difference results from
the moment the questionnaires were given. For the
1st edition (SMI 2007/2008), this was done at the end
of the following semester, while in the next editions
they were handed out at the end of the corresponding
courses.

The majority of the students that answered the ques-
tionnaire considered that the degree of difficulty was
medium to high (Q1) and that the assessment meth-
ods were adequate (Q3). The item most criticised by
the students was the workload, which was considered

Table 3. Results obtained for block 2 of the questionnaires:
functioning of the teams during the projects.

NVA* Mode Mean SD+

Q13 SMI 2007/2008 31 1 2.9 1.491
Q13 SMI 2008/2009 55 2 2.58 1.228
Q13 SMII 2007/2008 66 3 2.71 1.274
Q14 SMI 2007/2008 30 3 3.10 1.296
Q14 SMI 2008/2009 55 2 2.85 1.177
Q14 SMII 2007/2008 65 3 2.72 1.139
Q15 SMI 2007/2008 31 5 3.84 1.416
Q15 SMI 2008/2009 51 5 3.84 1.255
Q15 SMII 2007/2008 64 5 3.91 1.137
Q16 SMI 2007/2008 31 4 3.52 1.235
Q16 SMI 2008/2009 52 4 3.67 1.044
Q16 SMII 2007/2008 65 4 3.55 0.830
Q17 SMI 2007/2008 31 4 3.77 0.990
Q17 SMI 2008/2009 52 4 3.62 0.911
Q17 SMII 2007/2008 65 3 3.55 0.811

* Number of valid answers; + Standard deviation
Q13 – The teachers should interfere more in the groups’
internal organization (1 – Less; 5 – More);
Q14 – The teachers should interfere more in the groups work
(1 – Less; 5 – More);
Q15 – Does the groups’ formation by the teachers have influ-
ence in the practical works final marks (1 – Little; 5 – Much)
Q16 – Personally, you admired, learned or absorbed
some competence (people, organization, motivation, written
communication, presentation in group) from another group
colleague (1 – Little; 5 – Much);
Q17 – With the implemented teaching and learning model
in the course, did you learn something else beyond the
corresponding formal contents? (1 – Nothing; 5 – Much
more)

to be in excess to the available time (Q6a), although
they thought that the proposed activities were inter-
esting and relevant (Q6c), even in terms of degree of
difficulty and complexity (Q6b).

The students were asked (Q13 and Q14) about the
teachers’ interference in the team’s internal organisa-
tion and in the project’s development. The collected
students’ opinions were very antagonistic and random
(coefficients of variation range from 41% to 51%);
therefore, no clear conclusion can be put forward.

The analysis of the students’ answers allowed
establishing that they considered the team formation
by the teachers had a significant influence on the final
marks of the projects (Q15).

Finally, the students answering the questionnaire
considered, almost unanimously, that the implemented
learning model also led to the development of skills
and knowledge other than the formal course contents
(Q16). Some questions were also introduced about
the projects added value to the students’ preparation
for future engineering work. It was somehow shared
among students that this model has advantages in their
preparation for “real life” and for their future role as
civil engineers (Q17).
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4.3 Teacher’s perspective

The author observed that some students tend to com-
partmentalize contents, reaching different maturity
levels according to their role in each project. In some
cases each team member was worried about fulfill-
ing their own tasks, with no exchange of information
within the team. Therefore, in those cases there wasn’t
a work review by the other team members. The main
explanations relate to the way the coordinator faced
his/her role, which in some cases led to a lack of team
dialogue, a weak task planning and using all the time
available to complete tasks, not allowing the other team
members to do an effective work review. For some
students it is easily identifiable (by the answers in
the exams) in which project they were coordinating
for the team.

Using this CL model meant a significant extra
workload for the lecturers, which is difficult to quan-
tify, as an accurate assessment of such an impact was
not carried out. For example, the lecturers spent many
hours answering students’ questions, particularly near
the projects’deadlines. In SMI the lecturers distributed
the workload and each of the 3 or 2 lecturers (depend-
ing on the edition) was responsible for a different
project. In the SMII course the author did it on her
own, using the same model in the 1st edition and a
“lighter” version in the following editions.

The CL model demanded, namely: preparing addi-
tional documentation for students (for example, to
support the preparation of oral presentations, tem-
plates and rules for the projects’ reports); assessing all
the written reports, which included preparing generic
documents with global comments on each project;
creating the team projects (adequate to the level of
knowledge of the students, representing real life cases
that are possible to solve in the time available); and
helping the students to overcome the difficulties faced
during the projects’ preparation.

In the SMI course the students/teachers ratio (about
30 students per teacher) made the method’s implemen-
tation easier, while in the SMII course, such a ratio (60
to 90 students per teacher) completely overwhelmed
the author.The ratio in SMI enabled teachers to provide
students with a closer work monitoring and allowed
the resolution of small conflicts generated during the
preparation of the projects. In SMII this was also done
in the same way.

To enable the success of a CL model it is essen-
tial to provide opportune and adequate feedback to
students. More, their commitment on preparing the
team projects has to be mirrored by similar effort
from the lecturers. Such demands result in a severe
additional workload. In Portugal (as in many other
countries) the performance of lecturers is mostly based
on their research work, measured, for example, as the
number and type of research papers published, the
capacity to attract research funding, the number of
Ph.D. students completing their theses, etc.Thus, no or
little accountability is made of the efforts to enhance
student learning or the quality of the courses and
programs.

Nevertheless, the CL method implemented is more
satisfactory for the author than the traditional one.
In fact, observing the students’ enthusiasm when car-
rying out laboratory tests and using numerical tools
is quite rewarding. The comprehension of the basic
concepts and, simultaneously, the magnitude of their
practical application by the students are more efficient,
which was observed, for example, during lessons and
by the type of questions students raised during the
projects’ development.

This CL model and the need to solve some con-
flicts between students increased the personal contact
between the author and the students. In some cases,
where some of them strove to deal with their team
colleagues, they were not “allowed” to give up. Later
many of them recognized the importance that this had
on their personal development. Many of those students
still come to the author for advice and prepared their
M.Sc. thesis under her supervision.

With regard to the soft skills acquired by the stu-
dents, the author could also observe them later, when
the first students learning with this method had to
develop research work (M.Sc.).These students showed
a positive attitude towards the use of numerical tools
and laboratory work and, simultaneously, fewer dif-
ficulties associated with the use of spreadsheets and
text processors. More, the stress associated with the
oral presentation of their work was smaller, even for
shy and timid personalities.

It is also important to state that 6 students from the
1st and 2nd edition where this CL model was imple-
mented on the SM courses prepared their M.Sc. theses
in cooperation with a building company. Such work
was included in a competition involving students from
other universities and the prize was a paid 6 months’
training period. The judging panel included technical
staff from the company, the students’ supervisors in
the company, as well as external advisors. From the 6
students of UA (2010 and 2011), 5 were awarded. In
the 2011 edition of the competition, 3 (out of a total
of 4) winners were from the Civil Engineering degree
at the UA. The partners from the building company
were surprised with the quality of the students and
their preparation to embrace professional work.

5 CONCLUSIONS

In this paper a case study referring to the implementa-
tion of a cooperative learning model in two sequential
Soil Mechanics courses was described. This was done
using a jigsaw system to prepare team projects which
had a correspondence with real geotechnical problems
(adapted to the level of knowledge of the students’).
These projects included carrying out laboratory tests
and a generalized use of spreadsheets, text processors
and numerical programs, for example with the finite
element method.

The use of such learning strategies was found to be
adequate and led to enhancing students’ learning, as
well as acquisition of generic and soft skills necessary
for any civil engineering professional.
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However, some students tend to compartmentalize
contents, reaching different maturity levels according
to their role in each project. This can be overcome,
for example, by maintaining opportunities (practi-
cal lessons) where all students use hand calculations
to solve problems, practising all course contents.
Moreover, the final exam, where all contents are
assessed, is essential for students to realise the level
of understanding expected.

In short, the implementation of such a model was
and can be successful, depending, on one hand, on the
size of classes and/or the teaching teams, and, on the
other hand, on the impact on the lecturers’ career of
such effort. Its impact on the students learning and
competences is clear and surely justifies the use of a
CL model, even in a “lighter” version.
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