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Building Research Skills: Course-Integrated Training
Methods

Adriana Popescu! and Radu Popescu, A.M.ASCE?

Abstract: An enriched syllabus has been experimentally introduced to undergraduate level students enrolled in a geotechnical engineel
ing course. Two research assignments have been integrated in the course, which require students to find information on a geotechnic
engineering topic using both print and electronic resources available at the university library and on the Internet. Aiming to foster the
development of technical information literacy and communication skills, the students are required to prepare a report based on a specifi
set of guidelines, followed by oral presentations of the topics researched. Between the two assignments, a lecture on the subject ¢
identifying and using information resources for geotechnical engineering is included in the syllabus. Preliminary results of the study are
presented along with directions for designing and implementing an enriched curriculum for geotechnical engineering courses.

Introduction making it increasingly difficult for practicing engineers to keep up

The latest information technology developments, the Internet ex- With the latest developments in the field. The young graduates of

pansion, and the explosion of information now available on the €ngineering programs begin their careers in work environments

World Wide Web (WWW) have radically changed the current that require hlghl_y s_pgmahzed competencies and a broad under-
educational system. In recent years we see less teachers carryingt@nding of the discipline. ) .

the distinctive mark, chalk dust around the coat sleeves, as mod- N order to keep up with the technological revolution, geotech--

ern technologies infiltrate the classrooms: first, the overhead pro-Nical engineering educators must be prepared to broaden their
jector, then the LCD projector and the PC, to the interactive pedagogical role beyond passing on theoretical and practical

boards and multimedia classrooms. More and more students subknowledge to the students. When preparing engineers for this

stitute the notebooks with laptops, while institutions of higher Century, the educators must consider the increased significance of
education make every effort to ensure that classrooms providethe_'r_ responsibility _to a_llso teaqh and educate students to become
enough LAN connections for all computer users. More commu- €fficient and effective information seekers and users.

nication and information diffusion channels are added to those

glrea(_jy existent, _br_inging a new challenge in the spotlight: deal- Teaching Roles

ing with and surviving the information overload.

The consequences and implications of the technological devel-The reality of the technological revolution in information and
opments cannot be ignored. They should be taken into consider-communication demands changing, adjusting, and enriching the
ation and addressed by educational systems and programs fronraditional role of the educator, especially the engineering disci-
all over the world. Being able to access, interpret, and evaluatepline educator. Information technology offers a wealth of oppor-
relevant technical information in a timely and effective manner tunities to education: enhancing student learning, fostering col-
has become a commodity for all engineers. Effective oral and |aboration, introducing new models of dissemination, distribution
written communication and information literacy are highly desir- and publishing, and allowing the instruction process to take place
able skills in today's employment market, but they are very little in new settings, either remote or virtual.
or not at all acquired through the traditional engineering curricu-  While the world in which engineering is practiced has changed
lum. Like most engineering disciplines, geotechnical engineering and continues to change, the engineering curricula tend to go
is dynamic and is continuously adding to its body of knowledge, unchanged for decades. At the same time, the engineering student
population is also changing, with students from a broad age group
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nize information needs and identify, evaluate, and use information
effectively); and critical and analytical thinking skills. Workplace
processes such as environmental scanning, information manage-
ment, and research and development are now the standard, there-
fore a new set of skills is necessary and the engineering educa-
tional programs must accommodate and facilitate the
development and fostering of the modern engineer skill set.
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The National Science Foundation Workshop on Information Pittsburgh recognized library research as being a basic engineer-
Technology and Undergraduate Science, Mathematics, Engineering skill and worked together to introduce a program for devel-
ing, and Technology Education held in 1996 acknowledged the oping library research skills and general information literacy early
paradigm shifts in undergraduate education, emphasizing thein a student’s caregiThomes et al. 1997). At Purdue University,
changing roles of the faculty. One of the concerns expressed atlibrarians and faculty share the responsibility for instruction in the
the time of the workshop was the fact that “access and data aredesign projects, which are semester-long courses in the civil en-
for all intents and purposes commodity items; the proliferation of gineering curriculum. While civil engineering faculty give lec-
WWW sites speaks clearly on this point. Informati@ata orga- tures on various technical aspects relevant to each project, the
nized and made accessible in a value-added wWeywever, is not librarians make presentations on information sources available
a commodity, and dissemination mechanisms should reflect thisand research skillErdmann 1991). With the proliferation of in-
distinction” (Zia and Mulder 1996). It is time that we move from formation on the WWW, librarians have shown a growing interest
recognizing the fact that educators must take responsibility for in teaching critical thinking skills, so that library users can effec-
preparing young engineers for tomorrow’s job market, to actual tively recognize and select the best information for their needs.
implementation of the steps necessary to accomplish this goal. ItThe faculty from the Department of Manufacturing Engineering
is the scope of this work to demonstrate that with the help and at Miami University in Oxford, Ohio, recognized the fact that
expertise of the professional librarian, the engineering educatormore and more students use the WWW to acquire information,
can successfully accomplish this goal. rather than the library resources, without applying any critical
analysis of the information gathered. To address this shortfall, the
department has introduced, since 1998, introductory sessions on
WWW search strategies and results evaluation, and searching the
library resources as part of the senior project couSenger
Overview 1998).

Time and social changes have influenced and shaped not only

i_lbra;yblnstkrutctlcigzlcs) byhno m?%ns a new c?ncehpt; It rt]aj b;een tthe evolution of library instruction ideology, but also its methods.
raced back to » When a librarian was teaching stucents alTeaching methods, based on behavioral theories, where the sub-
Harvard College(Hernon 1982). In the late 1800s, separate

for lib instructi ol ed | I ject seen as an empty vessel can be filled with knowledge, have
Eourses %r tlh rarydlnsf ;EC lon \;verethlmp etmen_et n t‘?o I_et?es. emerged and eventually been given up. Cognitive theories, on the
riowever, by the end of the nineteenth century, Iterest in fibrary hand, have provided the foundation for some of the most
instruction declined, only to be revived in the early 1900s, with

. o o ful h I in li i jon. Acti
the growth in the number of academic librarieGefel 1995). successful methods currently used in library instruction. Active

Although at that time_ the ef_forts of _Iibrariar_13 di_d not establish any E?ﬁrggg? t;(;r; |rc; ;;erzalbelzrr;;ng[upr);ogtfesii s?retjsct?c:gvg(rjo;?at()\;am;mOSt
formal programs of library instruction, their principles of educat-

. . e _,etal. 1996).

ing students to be independent learners are still alive and valid

today. The focus of the instruction activities has been also shift-

ing, from teaching the use of materials for research and teaching,Geotechnical Engineering Education at Memorial

to how to access those materials. After the second world war, University of Newfoundland

library collections grew rapidly. The rise in scientific research and
consequently in scientific literature required new techniques of
organization and information retrieval, a fact which brought in

focus the need for better instruction in the field of information

accesgEdelman 1996). The automation of technical services in
the 1950s overshadowed library instruction activities for a while,
but the rise of specialization in education and the growing com-
plexity of the library system lead to the rise of a new concept:
curriculum integrated instruction programs.

Current Practices

Geotechnical engineerin@gE) is taught at Memorial University

of NewfoundlandMUN) as part of the civil engineering curricu-
lum. There are two GE courses offered to students in Terms 5 and
6. Like most engineering class assignments, the GE assignments
are very structured and precisely defined. The students usually
follow the steps outlined in the assignment and perform the cal-
culations required. Like most technical training, the aim of the
class assignments is to transmit information and to develop basic
engineering skills, through drill-and-practice learning experiences
Competence in the use of the library is one of the liberal  of sequenced components. These assignments are far from the

arts. It deserves recognition and acceptance as such in the  reality of the open-ended problems that engineers often encounter
college curriculum. It is furthermore, a complex of knowl- and must solve.

edge, skills, and attitudes not to be acquired in any one

course but functionally related to the content of many. It

should, therefore, be integrated into the curriculum. But it Enriched GE Curriculum
cannot be so integrated until the faculty as a whole is ready

to recognize the validity of its claim and implement this o )
recognition through regularly established procedures of  Building Research Skills

curriculum developmentknapp 1956). To address the limitations of the traditional GE curriculum, the

While liberal arts educational programs have long ago ac- second courséfoundation engineeringaught in the Fall 1999
cepted Knapp’s recommendations and adopted the curriculum in-semester to Term 6 students, included two new research assign-
tegrated library instruction system, the engineering educationalments in addition to regular engineering projects. The class was
programs have been slow in responding to this challenge. divided in groups of four students each. The cognitive learning

It is encouraging to see however, that in the past decade thereheory shows that the education process should foster students’
have been more and more reports of engineering education pro-natural inclination to learn by engaging in activities that will in-
grams paying attention to this aspect of student education. Librar-terest them and will stimulate learnin@iaget 1970). The re-
ians and the faculty of the School of Engineering at University of search assignments were designed to stimulate students’ interest



in information retrieval and evaluation and were addressing topics Conclusions
related to GE. In order to successfully complete the assignments,
the students had to actively engage in research activities by usingThe quality of the research assignment reports showed that a one-
the university |ibrary and WWW resources and to demonstrate atime general introduction to Iibrary research skills early at the
satisfactory level of technical communication and writing skills. beginning of the engineering program is neither sufficient nor
The assignments are outlined in the Appendix. The first effective. Libraries are dynamic entities; more resources are
project, assigned at the beginning of the term when the studentsadded to the current collection and the format of the resources is
had little experience with theoretical and practical aspects of geo-changing and adapting to the latest technological developments.
technical engineering, was focusing mostiy on biographica| as- Unless the students are ChaIIenged in their program of studies to
pects of famous geotechnical engineers. The students’ role was tgontinuously use these resources, they will fall out of touch with
retrieve, select, and present relevant data. A series of professionathe resources offered by the university library, and turn indis-
aspects were introduced in the second assignment, dealing witteriminately towards the WWW as the only information resource,
case histories. Here, in addition to retrieving and selecting infor- While still lacking the necessary critical analysis skills needed to
mation, the students were requested to identify the geotechnicalPring out the value from the WWW.
problems and discuss one of the solutions reported in the litera- Based on the results reported in this work, the GE curriculum

ture. at MUN has been permanently modified. Two different assign-
Three tasks related to the research process were assigned fd’inents inVO'Ving Iibrary and Internet research have been inClUded,
both projects{1) detailed description of the research procéas, one in Term 5 and one in Term 6. An instruction session is pro-

list of sources searched and used, dﬁﬁj proper referencing_ vided in Term 5 in ConjUnCtion with the first a.SSignment. It covers
After evaluating the reports produced at the end of the first re- the library research process and resources available for GE,
search assignment, it was clear that the students needed instrucVWW resources for GE, and writing styles for technical reports.
tion and guidance in using the library resources available from the To reinforce the skills taught in Term 5, another research assign-
university library, and in report writing and presentation skills. ment, on a different topic, is required in Term 6.

Some of the pr0b|ems We(&) no statement was made in any of The GE faCU'ty at MUN will continue to eXplOl’e the use of the
the reports regarding the research procésthe main source of ~WWW technologies in teaching and will actively promote the
information accessed by the students was the WWW, while li- importance of preparing future engineers for the social and tech-
brary resources were scarcely used, if at all; é8)dhe sources of ~ nological realities facing the young graduates. An on-line module

information were not properly referred in any of the reports. ~ for instruction in using the library resources and searching and
evaluating Internet resources is considered for implementation in

) ) a GE Web site maintained by the teaching facultyttp://
Course-Integrated Library Instruction geosim.engr.mun.ca/inforres.htnii order to supplement the

A 1-h library instruction session was deemed necessary and pro_curnculum-mtegrated Instruction sessions. .
As this project had successfully proved, close collaboration

vided prior to the second assignment. This session covered how tqbetween the faculty and the librarv professional is the kev to
access print and on-line GE resources available from the univer- y yp y

sity library, search strategies for searching on-line databases, anédesgn_mg and |mplem§nt|_n_g a program Wh_ere the expertise in

relevant WWW resources for GE. providing access to suenilflc and technlcal mfprmapon complle-
The students were asked for feedback on the effectiveness and €S and coordlna_ltes with the_ techmcal engineering expertise.

relevance of the instruction session, as well as on previous library ame as the teaching faculty, librarians are educators qnd their

training, through a questionnaire administered at the end of theemertIse should be fully taker_1 advant_age of for the benefit of the

instruction session. About 80% of respondents indicated that theystudents and future geotechnical engineers.

had one introductory library orientation session, as part of the

general introduction to the university and its services, while 20% Appendix: Assignments

did not mention such a session. The survey results showed that

the skills demonstrated in the early orientation session have not . . L

been formally required in any subsequent assignment/project. Re-X€S€arch Assignment 1—pProminent Personalities in

garding the instruction session offered in Term 6, 90% of respon- C€otechnical Engineering

dents mentioned that this session was beneficial, and 60% indi-Each group(4 studentswill select one scholar of the list below

cated that this was the first time they learned about searchingand write a short report describing his life, professional achieve-

techniques for journal/conference papers. ments and major contributions to the field of geotechnical engi-
Following the subject-specific instruction session, a second re-neering. Your report will include the following:

search assignment was given to the students. The reports resulting.  Short biography, pointing out to professional eveit&—1

from the second GE research assignment for the Term 6 students  page);

showed an improved standard of quality) the research process 2. Major contributions to the field of geotechnical engineering

was described in detail2) the sources of information were listed and areas of applicabilityl—2 pages);
in all reports, and3) all reports indicated from 10 to 15 refer- 3. Major publications—if possible include som@amous)
ences, however none of the groups complied with the required quotes(1-2 pages);

style guide. The concepts and skills presented during the instruc-4.  Anecdotal eventgoptional);

tion session have been used and applied by the majority of the5. Your research process, as detailed below; and

students. For example, while no reference to research process ané.  List of your references for this report.

sources of information were found in any of the first research ~ Some library and Internet research is required. One of the
assignment reports, those aspects were described in detail in thebjectives of this assignment is assessing your ability to access,
second assignment, with grades for this topic ranging from 4.0 to interpret, and evaluate relevant information in a timely and effec-

4.5 0n a1 to 5 scale. tive manner. Therefore, you are required to clearly state in your



report your sources of information. These sources should beb5.
properly referred, and presented in the reference list. Use the
recommended style of th€anadian Geotechnical Journas
outlined at (http://www.nrc.ca/cgi-bin/cisti/journals/rp/
rp2_prog_e?cgj_instruct_e.html). When citing Internet resources,
use the guidelines available athttp://www.apastyle.org/

Reference list—use the recommended style ofGhradian
Geotechnical Journahs outlined athttp://www.nrc.ca/cgi-
bin/cisti/journals/rp/rp2_prog_e?cgj_instruct_e.htmWhen
citing Internet resources, use the guidelines available at
(http://www.apastyle.org/elecref.html).

The report will be printed using 12 pt font and 1.5 line spacing.

elecref.html). In the text of the report you are expected to com- The page numbers suggested for the sections are only indicative.

ment on how you found, accessed, and selected those sources of
information. The report will be printed using 12 pt font and 1.5 ,
line spacing. The page numbers suggested for some of the sec;
tions are only indicative. .
List of some famous geotechnical engineers, in alphabetical |
order (Karl Terzaghi has been omitted on purpose):
e L. Bjerrum
e A. Casagrande

e J.I. Clark

e G.W. Clough °
« C.A. Coulomb °
¢ W. Fellenius °

« W.D. L. Finn
 D. G. Fredlund
e R. M. Hardy

« R. D. Holtz

¢ K. Ishihara

* M. Jamiolkowski
e S. Leroueil

e G. G. Meyerhof
« J. K. Mitchell

* R. B. Peck

« W. J. M. Rankine
« R. K. Rowe

« H. B. Seed

e A. W. Skempton

The list of proposed case histories includes
Pisa Tower;

Lower San Fernando Dam failure;
Carsington Dam failure;

Kettleman Hills Waste Landfill slope failure;
Desert View Drive Embankment failure;

La Conchita slide;

Landslide Dam on the Saddle Riveklberta);
Transcona Grain Elevator failure;

Buffalo Creek Disaster, West Virginia; and
Vaiont Dam Landslide, Italy.
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