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l'éducation géotechnique de technologie. 

M. Budhu 
University of Arizona, Tucson, Arizona, USA 

ABSTRACT 
Nine papers have been formally accepted for Session 5C.  They cover a range of topics from the need for more practicing engineers
to teach in class rooms to hands-on laboratory exercise on site investigation.  Eight of the nine papers in this session deal with a call 
for more integration of practice or for teaching methods to incorporate practice or for simulated practice in geotechnical engineering 
education. One paper deals with distance learning. None of the papers deal directly with the future of geotechnical engineering. The
author of this report reviewed and discussed these papers and offer comments intended to set the stage for discussions.  It is clear that
educational transformation is required in geotechnical education to confront the challenges ahead.  What is required for this
transformation is yet to be resolved?  However, the author has suggested some prescriptive items to consider as the geotechnical
community attempts to retool geotechnical engineering education. 

RÉSUMÉ
Neuf papiers ont été formellement acceptés pour la session 5C.  Ils couvrent une gamme des matières du besoin de plus d'ingénieurs
de pratique d'enseigner dans des chambres de classe à l'exercice à commande manuelle de laboratoire sur la recherche d'emplacement. 
Huit des neuf papiers dans cette affaire de session avec un appel pour plus d'intégration de la pratique ou pour que les méthodes de
enseignement incorporent la pratique ou pour la pratique simulée dans l'éducation géotechnique de technologie. Un papier traite
l'étude de distance. Aucun des papiers ne traite directement le futur de la technologie géotechnique. L'auteur de ce rapport a passé en
revue et a discuté ces articles et commentaires d'offre prévus pour placer l'étape pour des discussions.  Il est clair que la
transformation éducative soit exigée dans l'éducation géotechnique pour confronter les défis en avant.  Qu'est exigé pour cette
transformation doit être résolu encore?  Cependant, l'auteur a suggéré quelques articles préscriptifs pour considérer pendant que la 
communauté géotechnique essaye de se rééquiper l'éducation géotechnique de technologie.  
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1 INTRODUCTION 

This paper is a review of papers submitted and accepted either 
for short oral presentations or poster presentations on the 
subject of training/future education of geotechnical engineering. 
The review conducted is based on the author’s interpretation of 
the content of the papers.  It is possible that the author may have 
misinterpreted the intent and content of some of the papers.  If 
this is the case, it is unintentional and the author apologies to 
the authors of these papers. 

2 REVIEW OF PAPERS 

From practice to theory in geotechnical engineering by R.C. 

Kannan, Consulant Halcrow, Inc., Houston, Texas, USA. 

The premise of this paper is that there must be a balance 
among theory, research and practice in teaching geotechnical 
engineering.  The author suggested that this could be 
accomplished by academics and practitioners working in each 
other primary domain.   He began his writing by giving a brief 
historical perspective.  The history of soil mechanics was 
divided into three eras.  In the first era, “The Pioneers:  Theory 
for Practice”, the early geotechnical engineers were involved 
with putting soil mechanics principles developed prior to 1950s 
to test.  A building boom in the USA and in Europe provided 

these engineers the opportunities to apply this “new science” of 
soils.  This era also has two contrasting view of how soil 
mechanics should be taught.  One advanced by Taylor (1948) 
and captured in his notable textbook “Fundamentals of Soil 
Mechanics” and, the other by Terzaghi and Peck (1948) in their 
also notable textbook “Soil Mechanics in Engineering Practice”.  
The author stated that “soil mechanics provided the answers that 
until then was left much to empirical formulae and thumb-
rules.”  The Standard Penetration Test (SPT) made in humble 
beginnings and has been in use since then despite its many 
limitations. 

In the second era, 1950s to 1960s, “Second Generation 
teachers: Theory to Practice”, graduate education in soils was 
born.  According to the author, soil engineers had the 
opportunity “to bring their practice into the classroom and send 
their students out to practice their research findings, all around 
the world. It is perhaps at this stage that soil mechanics went 
from theory to practice.”  An important development in this era 
is the measurement of in-situ soil using the cone penetrometer 
test (CPT) and pressuremeter test (PMT). 

The next era, the 1970s and 1980s, we saw the further 
development of graduate education with engineers in practice 
returning to the class room “to refine and define their skills.” 
The key area of improvement is the development of new field 
measuring techniques such as large-scale tests, pile load tests, 
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cone penetrometer, pressuremeter and dilatometer tests.  From 
this arose new recognition of the need to improve the 
correlation between theory, laboratory tests and estimating field 
conditions more accurately. In-situ measurements became 
routine and laboratory tests were refined to mimic actual field 
conditions. 

The author concluded that the emphasis on geotechnical 
education in the present time is on teaching practical 
applications rather than theoretical concepts.  He advocated that 
a better balance of theory, research and practice can come from 
academia and practitioners crossing each other domain. 

Integration of the Education, the Investigation and the Practice 

through a geotechnical case by G. Moreno Pecero, Professor, 

Department of Geotecnia, Facultad de Ingeniería,Universidad 

Nacional Autónoma de México. 

The first half of this paper is a commentary on technical 
education within the politics of Latin America and some 
comparison with (essentially) developed western countries.  The 
second half of the paper dealt with a method of draining a slope 
to increase the factor of safety by perforated tubes that the 
author invented.  It appears that there were some concerns on 
the cost of the sued in the tubes. The author stated that students 
got excited when the technique and the concern on the sand 
filter were presented to them.  The students then conducted their 
own investigations as a class project using sand readily 
available at a site where the tubes will be installed.  The 
students reported that the perforated tube drainage solution is 
cost effective if there sand is readily available at the project site. 
The author concluded that this project bring awareness to 
students about practice. 

Education and practice: The Peruvian experience by A. 

Carrillo-Gil, Ricardo Palma University, Lima, Peru, A. Carrillo 

A., O. Donayre C., E. Carrillo D., AC Consulting Engineers, 

Lima, Peru. 

This paper is about the experience of teaching-learning 
geotechnical engineering through a community based project 
undertaken by students. The context for this project is a change 
of the civil engineering curricula at Ricardo Palma University, 
Lima, Peru to focus on “teaching-learning of geotechnical 
engineering by the development of field survey workshops and 
seminars with the students of Engineering Foundations and 
Geotechnical Design.” The authors described how they used 
case studies to teach geotechnical engineering.  Teaching was 
done through field survey workshops and seminars, field 
practice, workgroups development, leadership development and, 
advancing oral and written communication skills.  The project 
described is a foundation assessment survey in metropolitan 
Lima, where an earthquake of magnitude 8.7 (M) or higher 
would cause considerable amount of economic damages and 
loss of lives.  Foundations for the majority of residential 
buildings are built by stacking sharp-edged stones to form 
staggered terraces on the slopes of the mountain called “pircas”. 
The voids are not in-filled.  The author stated that “This type of 
construction is too heavy and in a severe earthquake event, it 
will fail resulting in construction damages and human losses.”  

Students conducted their own field exploration, interpreted 
the site conditions, diagnosed and predicted potential foundation 
problems due to seismicity in the area. The authors concluded 
from this project that the students benefited not only from the 
technical work but also by social interaction with the 
community. 

Bringing international practice to the geotechnical engineering 

classroom using video-conferencing by J. L. Hanson, California 

Polytechnic State University, San Luis Obispo, United States of 

America, and S. Kuraok, Nippon Koei Co., Ltd., Tokyo, Japan. 

This paper reports on the results of student learning through 
the use of video-conferencing technology with a professional 
practitioner in another country.  The authors appear to have two 
objectives.  One is to bring professional perspectives into the 
classroom experiences in upper level undergraduate and 
graduate geotechnical engineering coursework.  The other is to 
engage a professional from a different country to participate in 
the practical aspect of the coursework.  The potential benefit of 
the second objective is for students to appreciate the global 
environment in which geotechnical engineering operates.   

The video conferencing allow the foreign participant (Dr. 
Senro Kuraoka of Nippon Koei, Japan) to describe and discuss 
with the students the work that Nippon Koei is involved in and 
presents “detailed description/assignment of a related laboratory 
exercise for CE382 and a follow-up assignment in CE585.”   

The assignment for the CE382 class (an undergraduate class) 
deals with a formal request by way of a letter from hypothetical 
client to groups of students, each group operating as a 
consulting firm, to conduct lab tests and interpret the results. 
For the graduate level class (CE585), Dr. Kuraoka presented 
case histories on modeling ground anchors for excavations on 
slopes using finite element analysis and distinct element.  These 
case histories showed how the theories taught in the course are 
applied in practice.  Students conducted similar analyses. 

The authors discussed problems encountered with hardware 
and communication links and provided some recommended 
guidelines to enable a successful experience in using video-
conferencing in a class room setting. The authors concluded that 
“The greatest fundamental benefit was demonstrating to the 
students that the theoretical soil mechanics being taught during 
the regular classes of the term has application to large-scale and 
real-world projects.”  They reported that students were 
favorable to the experience and enhance their learning 
experience.  Further, they concluded that the “ technical benefits 
to the curriculum included: 1) development of a new experiment 
for the geotechnical engineering laboratory, 2) drawing 
connection between theory and case histories, 3) analysis of 
complex problems that are excessively sophisticated for typical 
classroom assignments, 4) conceptual coverage of the 
application of advanced numerical techniques and probabilistic 
analyses, 5) establishing the importance of standardized testing 
methods and scale of experiments, and 6) addition of design 
project in the laboratory session.  Pedagogical benefits included: 
1) highlighting importance of the global engineering 
community, 2) bringing use of technology into the classroom 
(both for conferencing and taping of experiments), 3) technical, 
yet casual interaction with a practicing professional, and 4) 
higher level technical content related to geotechnical analysis 
and design and incorporation of different learning styles.” 

Civil and environmental engineering education with focus on  

geotechnical training in Germany by R. Katzenbach, B. 

Astheimer & S. Wachter Technische Universität Darmstadt, 

Institute and Laboratory of Geotechnics, Germany. 

The authors of this paper present changes in civil and 
environmental engineering education that are occurring in 
German Universities.  They explained the pre-requirements for 
admission to German universities, curricular requirements for 
the diploma program, Bachelor of Science, Master of Science 
and doctoral degrees in civil and environmental engineering.  
Prior to the Bologna Convention, the diploma program in civil 
and environmental engineering, a five year post admission 
program, was the standard in German Universities.  Since then, 
the Bachelor of Science degree, a three year curriculum, and the 
Master of Science degree, a two year curriculum, have been 
replacing the diploma program.  The combination of the 
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Bachelor of Science and the Master of Science curricula is 
equivalent to the diploma curriculum. 

The authors describe the general curricula requirements for 
the Bachelor of Science and the Master of Science degrees, and 
also the diploma program and the doctoral degree.  Basically, 
the Bachelor of Science degree requires the completion of 
fundamental courses such as mathematics and mechanics, some 
civil engineering courses and then a two-month Bachelor thesis.  
The Master of degree program focuses on specialized 
disciplines such as geotechnical engineering.  

The pedagogy used in teaching geotechnics consists 
essentially of lectures, tutorial sessions and seminars.  Some 
seminars deal with real life major projects.  The authors report 
that 60% of German Universities teach finite element method 
and its applications.  Because of research and the public’s 
attention on energy and the environment, geotechnical 
engineering is still evolving.  New courses on such topics as 
geothermal energy and climate changes are integrated into the 
geotechnics program.  The authors provided information on 
such courses as environmental engineering, facility 
management and energy engineering and how they integrate 
with the geotechnics education.  A summary of the energy 
engineering program at the authors own university is shown in 
Fig. 1.  This figure also illustrates the hierarchy of the civil and 
environmental program. 

Figure 1. Energy Engineering at Technische Universität Darmstadt (R. 
Katzenbach, B. Astheimer & S. Wachter). 

A soil exploration exercise in Bachelor’s level education in soil 

by Jan Laue, Ralf Herzog & Sarah M. Springman, ETH Zurich, 

Switzerland.

The authors of this paper describe a laboratory exercise to 
simulate site investigations and an evaluation of students’ 
satisfaction with it.  The objective of the exercise is to allow the 
students to experience hands-on site investigations practice, 
albeit on a scaled, laboratory model.  The box 70 cm x 70 cm x 
70 cm is filled with soil.  Initially, many different coloured 
clays and sands, structural elements and contaminated zones 
were placed in the box.  The authors reported that this was too 
complicated and detract from the objective of the exercise.  A 
simpler soil arrangement was then adapted after the first year of 
the implementation of this exercise. A slotted sampler was 
driven through the soil using a rubber hammer.  The principal 
features of this exercise are as follows. 
• Students are self-organized into groups. 

• Each group plans the site investigations for a building.  This 
plan includes the location of the borings and their depths. 
• The plans are submitted prior to the model site 
investigations.  
• Each group makes the planned investigation including any 
needed changes. 
• Each group reports on the site investigation.  This report 
includes the soil stratigraphy, classification, locations of the 
actual boreholes with their depths and justifications, and the 
final location of the building. 
• The students complete a survey of this exercise as part of a 
“regular student evaluation” at ETH Zurich. 

The authors report that there are three pedagogical aspects of 
this exercise. 
1. Experience in decision making based on limited 
information. 
2. Reflection on the lecture material on soil classification 
based on the experience gained by the exercise. 
3. Group interaction. 

The results of the evaluation revealed that about 50% of the 
students thought that the excercise provided them a better 
understanding of soil mechanics while 33% disagreed that it 
helped.  About 50% of the students were happy with the group 
interaction.The authors conclude that ‘The evaluation shows 
that students appreciate this sort of “game type” experiment and 
that the pedagogical aspects are fulfilled.’ 

Training of geotechnical engineers in Albania by Luljeta Bozo, 

PPolytechnic University, Tirana Albania.

This paper is a report on activities in the geotechnical 
department of the Polytechnic University of Albania.  The 
author presented the growth of the geotechnical academic 
program and interactions with the practicing community in 
Albania.  Also, the author reported on the Albanian 
Geotechnical Society and its role in academia and in practice. 

E-training in Geotechnique: A Positive Experience by Ph. 

Delmas & L. Briançon, Cnam, Paris, France. 

The authors presented distance education methodology 
employed by Conservatoire national des arts et métiers (Cnam) 
in France.  The three missions of Cnam are:  
• vocational training for adults 
• technological research and the innovation 
• diffusion of the scientific and technical culture. 
Two distributed systems are in use.  One is through 
synchronous and asynchronous communication using a learning 
management software, plei@d.  The objective of plei@d is to 
have a single platform for the course administration and 
delivery.  The authors provide a list of services within plei@d.  
These are: 
• course delivery structured according to learning needs 
• interactive teaching resources associated these courses 
• synchronous and asynchronous communication functions and 

exchanges 
• integration of the teaching resources 
• statistical functions relating to the exploitation of the platform 
•  evaluation 
• administration to create and manage data bases. 
The software plei@d is not a course development tool but a 
learning management tool. 

The second system is taped, class room courses in rooms 
(studios) equipped with audio-visual equipment (Fig. 2).  These 
are distributed through plei@d.  Both systems are not new.  
Many universities and commercial entities have similar or more 
advanced learning management and course preparation systems. 

The courses developed for geotechnics are intended to 
provide continuing education for practicing engineers in 
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geology, geotechnics, civil engineering modeling and the design 
of the earthworks.  There are eight, developed learning units in 
geotechnics. Students need to complete 6 of these 8 units and a 
training course in the field to get a certificate of competence in 
geotechnics.  A frame of one of these courses presented as an 
Excel file through plei@d is shown in Fig. 2. 

 Figure 2 A frame of a learning unit on the analysis of a retaining wall 
(Ph. Delmas & L. Briançon) 

The authors concluded that the courses developed and 
distributed through Cnam make geotechnics education more 
accessible to a greater number of practitioners in many French-
speaking countries. 

Student understanding of the concept of soil structure guides 

instructional interventions by M. Pantazidou, National 

Technical University of Athens, Greece 

This paper presents an assessment/intervention methodology 
in student learning of basic concepts in soil mechanics.  The 
hypothesis examined is that questions to evaluate students’ 
understanding of basic concepts must be open to different 
perspectives and presented in less “technical jargon”. The author 
claimed that the benefits of this approach are “They help the 
instructor (i) determine the “initial conditions” of the students 
(in other words, the pre-existing ideas from physics, mechanics 
and even from direct experience students bring to an engineering 
course); (ii) become familiar with the less technical language 
that comes naturally to novices; and (iii) diagnose any 
misconceptions.”   Soil structure was chosen in a course on 
environmental geotechnics as the test of the hypothesis.  The 
author posed the question “In your opinion, in which soil type 
may we encounter higher porosity, in a sand or a clay? How do 
you justify your opinion?” About 65% of the students answered 
the question incorrectly by stating that sand has the higher 
porosity.  These students had been taught from textbooks that 
have the information to answer the question correctly.  The 
author doubted that students pay attention to textbooks and 
argued that a physical process is needed for knowledge retention 
in basic soil mechanics concepts.   A hands-on experiment was 
proposed using the settling characteristics of equal solids 
volume of a clay-water mixture and a sand-water mixture.  This 
experiment was not conducted. 

The author concluded that his paper is “a “call for action” 
for the geotechnical community, in order to collectively produce 
qualitative questions suitable for probing students.”  

3 DISCUSSION 

The authors of eight of the nine papers in this session called for 
more integration of practice or teaching methods attempted to 
incorporate practice or simulated practice in geotechnical 

engineering education. The remaining one paper by Ph. Demas 
& L. Briançon deals with distance learning. The author’s 
comments that follow are intended to set the stage for 
discussions in the oral presentations of session 5C “Training of 
Geotechnical Engineering/Future of Geotechnical Engineering 
Education.  Some questions are posed without answers.  It is 
hoped that the answers would come from the intended 
discussions. 

One may ask, is training and education in a technical 
discipline the same?  On the one hand, education is a very broad 
process through which one learns something.  On the other 
hand, training is a process by which one acquires certain 
practical skills and experiences.  In certain technical disciplines, 
the differences between education and training are subtle 
enough that they can be treated as the same.  The discipline of 
geotechnical engineering has some unique characteristics that 
make it different from other disciplines within civil engineering, 
such as structural engineering.  Geotechnical engineers are 
concerned with a product of nature with all its vagaries.  
Successful geotechnical engineering practice needs not only an 
understanding of fundamentals but also many years of different 
experiences and applications of sound judgment. Education and 
training in geotechnical engineering can then be argued to be 
different enough that training should follow education similar to 
the medical profession.  If both education and training must 
occur in partnership, can university courses provide all the 
requirements?  If not, what should be the goals of courses 
within an academic environment and what should be the goals 
of training within the practicing community? 

 Kannan suggested that a balance of theory, research and 
practice can be achieved through interchanges of personnel in 
academia and industry. Carrillo-Gil et al. presented a specific, 
community based project undertaken by students in Peru as an 
example of linking education and practice.  Hanson and 
Kuraoka described an international collaborative activity in 
involving the sharing of industrial expertise through video-
conferencing with academia in a tailored student project.  
Pecero brought a solution of a practical seepage problem, 
rejected because of costs, for his students in Mexico to further 
investigate to reduce costs and provide real world experience. 
Laue et al. followed a different approach than the preceding 
authors by devising a laboratory experiment to duplicate real 
site investigation.  With the exception of Laue et al., the 
reported evidence of students’ satisfaction and improved 
learning was non-existent or qualitative.  It is unclear from 
many of the papers whether the courses, where practical 
projects were incorporated, are the only courses the students 
took in geotechnical engineering or whether these are courses 
that follow basic concepts courses such as soil mechanics. 

The future of geotechnical engineering was not directly 
addressed in any of the papers in session 5C. But a few papers 
have hints about it. Ph. Demas and L. Briançon presented 
distance learning technologies at Cnam.  Such technologies are 
available and used at many institutions in the United States and 
elsewhere for creating and delivering courses to internal and 
external students. Pantazidou pleaded for the geotechnical 
community to develop jargon-free qualitative questions to probe 
students understanding of fundamental concepts to improve 
geotechnical learning. Katczenbach et al. and Bozo described 
curriculum changes in geotechnical engineering and civil 
engineering in general to meet the future challenges.  
The present generation, labeled Generation X (Gen X), is in a 
transformative era largely because of information technology. 
Information flow via the internet is unrestrained by borders and 
culture.  Consequently, we are no longer confined by thinking 
and cultural norms within our countries but are exposed almost 
instantaneously to world.  Geotechnical engineering education 
and engineering in general must also transform to meet the 
challenges of a global, information technology driven 
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environment.  At a minimum, we must take actions to address 
the following six questions. 
1. What are the educational and training goals? (Outcomes) 
2. Who are and would be our students? (Audience)  
3. What should be taught to meet the desired goals? (Content) 
4. How should the content be delivered? (Delivery) 
5. How do we measure success? (Evaluation) 
6. How do we constantly improve educational and training to 

address evolving challenges? (Continuous improvement) 
  None of these questions has unique, globally acceptable 
answers.  However, we need to find areas of commonality and 
implement them to transform geotechnical engineering 
education that will successfully confront the global challenges 
of the 21st century especially for resilience and sustainable 
geotechnical engineering design. 

 We have many lingering issues in geotechnical engineering 
that must also be addressed.  There are myriad of names such as 
geotechnical engineering, geomechanics, geotechnics, soil 
mechanics, geotechnique, geo-engineering to name a few that 
are used for education and training courses.  What are the 
differences in the content and pedagogy of these courses?  Is it 
possible that we can come to some compromise and accept a 
small number of well defined names to embody the content we 
teach?  Geotechnical engineers, in general, bemoan low 
respectability compared to structural engineers and ingratiate 
that unlike structural engineering no two geotechnical projects 
are the same.  Who is to blame for this perceived or true low 
respectability?  I submit that it is us.  In structural engineering, 
students are universally taught courses such as structural 
analysis and structural design.  Much of the content of a 
structural analysis course is universal.  However in geotechnical 
engineering, apart from the multitude of course names, there are 
perpetual issues on whether we should teach fundamental 
principles based on mechanics or whether we should teach
methods based on conventional practice.  There is no such issue 
in structural analysis.  

There are as many opinions of educating and training 
geotechnical engineers as they are academics and practitioners.  
Some in both camps believe that academia should teach
fundamentals and leave the training to the practitioners.   Others 
believe that more practice should be incorporated into teaching 
in academia or some advocate blending of theory, research and 
practice. The opinions are analogous to William Shakespeare’s 
beauty is in the eyes of the beholder in his sonnet, My Mistress' 
Eyes. 

What are some of the desirable elements for geotechnical 
education to meet future challenges?  Here are a few. 
1. Firm grounding in the fundamentals.  At most academic 
institutions, geotechnical engineering courses are conducted 
after the students took such basic courses as mechanics, physics, 
chemistry and mathematics.  Many of these students would have 
also completed courses in humanities.  Geotechnical 
engineering courses, at least the first course, should make use of 
the students’ background in these basic courses similar to 
structural analysis.  A simple framework that integrates various 
soil responses and the student’s background in the basic courses 
is critical state soil mechanics (Schofield and Wroth, 1967).  By 
making critical state soil mechanics (CSSM) the core of our 
teaching in the fundamentals, we would likely elevate the 
educational level and interests of undergraduate students. 
2. Critical thinking.  Students should be engaged in critical 
thinking and not be bugged down with pedantic equations and 
aged practice.  Geotechnical engineers need to think “out of the 
box” because, unlike the superstructure, soils vary spatially and 
temporally. It is recognized that empiricism is needed and well 
entrenched in geotechnical practice. Too much empiricism in a 
class room breeds boredom and makes a dull course. But, how 
much of this should be taught to students to make then 
productive upon graduation?  A geotechnical engineer 

presenting his/her experience on a project is an excellent 
activity for students to learn of a particular methodology for a 
particular project. In the author’s experience, students tend to 
think that the methodology used in the project described by the 
invited practitioner is the best way and should be emulated.  
However, geotechnical engineering practice varies from project 
to project and in some projects innovative solutions are 
required.  Students should be encouraged to challenge 
conventional practice and develop critical thinking skills in the 
process. 

In terms of soil behavior, CSSM has a nice structure for 
critical thinking.  Students can study “what-if” situations with 
simple calculations and graphics.  For example, students can 
examine a range of soil responses depending on the type of 
construction and initial soil states (Budhu, 2000). 
3. Holistic approach to problem solving.  Students should be 
prepared to not think of a foundation design as simply getting a 
geometry that will satisfy ultimate and serviceability limit states 
requirements but as a sub-system in a resilient, sustainable and 
ecological system.  They must envisioned the “big picture” and 
conduct their work to successfully fit with that “big picture”. 
4. Risk aversion.  Every activity involves risks.  We have to 
devise ways to change the student’s thinking of a single, correct 
answer to a problem.  There is no single, correct solution to a 
geotechnical problem but a range of possible solutions from 
which one has to make a decision considering the risks 
involved.  Laue et al. in their paper suggested that students’ 
aspiration to get correct answers influences their evaluation of 
exercises intended for them to experience reality.  There has to 
be a cultural shift in the evaluation of students’ performance to 
enable them to appreciate risk taking in arriving at acceptable 
solutions.  Geotechnical problems should be developed to allow 
students to explore various alternatives and justify their 
recommendations based on fundamental principles and sound 
engineering practice.   Software tools can provide the analysis 
aspect of this exploration.  However, students should be aware 
of the assumptions used in these tools and how to interpret the 
results. 
5. Pedagogy.  There should be a concerted effort to develop 
pedagogy to capture students’ attention in an environment 
where there are myriad of attention grabbing media and short 
attention span.  Innovative technologies (Budhu, 2000) 
including interactive animations, virtual labs, tools for testing 
short term retention, anytime-anywhere instructional materials 
and productivity software tools should be embedded within the 
pedagogy. 
To make changes to present day courses that will incorporate 
these and perhaps other desirable elements require bold moves 
by geotechnical faculty, especially, and by the practicing 
community.  There are numerous constraints to overcome.  
These include faculty “buy in”, course redevelopment time, 
retooling the evaluation of students’ performance, developing 
rigorous outcomes assessments, changing national fundamentals 
of engineering and professional engineering examinations, and 
establishing close interactions of academia and practice.  

4 CONCLUSIONS 

An overwhelming number of papers in this session have called 
for and showed examples of practical experience for students.  
While some assessment of the benefits have been reported and 
points to students’ satisfaction with the experience, no evidence 
has been presented that students exposed to these experiences 
have performed better in practice post graduation compared to 
students taught using conventional methods.  It is clear that 
there is a recognition that geotechnical engineering must 
transform to meet the challenges of the 21st century.  The 
papers in this session gave examples of different approaches to 
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nibble at the gross transformation process that is required.  The 
author suggested some debatable issues at the heart of the 
transformation process to stimulate discussions and hopefully 
implementations of forthcoming recommendations. 
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