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Abstract - Purdue University recently developed a
multifaceted tutorial to provide just-in-time assigance
for students seeking technical information. The tutrial
incorporates an instructional, animated componenthat
stresses the reasons why different kinds of techrit
information are important in an engineers’ career.lt also
includes an expert system, developed locally, thatlows
students to type a question and receive a list ofpies of
resources that may be helpful sorted by relevancy¥ach
type of resource included links to a list of posslb sources
to answer the question entered. By incorporating dive
and interactive elements, this tutorial helps studats
effectively fill their information needs whenever ad
wherever they are. This tutorial was created as parf an
instructional grant to meet the needs of an introdatory
mechanical engineering technology design course thia
famous for sending flocks of students to the librar to
find properties, standards, patents and other techigal
information. The course spawns intense loyalty of
students that have completed the assignment, as the
come back to campus to explain how they use
information skills on the job, and contribute new
guestions to the course. The tutorial components Wbe
discussed, along with a synopsis of the assessmefnits
effectiveness.

Index Terms- multimedia, tutorials, lifelong learning,
e-learning

INTRODUCTION

Every April and November, the Siegesmund Engingerin
Library at Purdue University becomes extraordiydrilsy
for one week. The reason for this is that the Maatz
Engineering Technology 102 - Production Design and
Specifications class is assigned an in-depth kbpaoject
known as “Treasure Hunt”. Over the years, the ezggiimg
library staff have come to both love and dread tinis week.
With anywhere from 50-100 students and a question
database that challenges even the most experienced
librarians, it is both an exhilarating time to piee our
reference skills, as well as an exhausting expegien

Since the inception of the project, tools have been
created to assist in guiding students to likelyrsesi for

answers to questions. Each semester, every sedtion
students receives in-class instruction regardipggyof
sources and what types of information differentrses
contain. During the week of the assignment, amenli
bibliography, helps to ease the actual directingtoflents.
However, the bibliography is not a great sourcedaching
students why they are looking at the sources tlae Ibeen
directed to find. The educational portion fallsnparily to
librarians and staff, and not even the best ofresfee
librarians can give adequate information literagstriuction
to an individual patron in the face of a line 08 Btudents
who also need help.

In the fall of 2005, the librarians of the Siegesu
Engineering Library decided to create an educatitmth
that would not only direct students to the appratgeri
sources, but would also give them an understanafitige
kinds of sources available and how those sourcels txe
useful. The librarians applied for a grant from Treaching
and Learning with Technology (TLT) program funded b
Instructional Technology at Purdue (IT@P). [1] Trant
consists of two pieces, an expert system to proaifiest line
of reference assistance directing students to apiate
resources, and an animated tutorial that educttdersts on
the nature of the technical information sources tivey
might use for the assignment. The grant was funoéep
pay for the time of the engineering library and Kigaical
Engineering Technology faculty to design the taal a
student technology employees and IT@P staff toteridwe
tool.

Because this online learning tool is concerned tith
fundamental question of locating technical inforiomat
another goal of the project is to meet the needgnéral
users who don't choose or are unable to interattt thie
engineering library staff, for example, after saied
reference hours or from remote locations.

BACKGROUND ON THE TREASURE HUNT ASSIGNMENT

This project developed as a way to increase thaileg
outcomes for the Mechanical Engineering Technology
(MET) 102 Treasure Hunt assignment. The assignimast
been ongoing since the mid-1980s. [2] It has granah
changed over time in terms of content, but fundaain
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remains the same. The impetus for the MET 102 Tireas
Hunt assignment began as a way to teach studenseta
particular required text quickly and efficientlyh& book,

Students receive ten questions randomly generetet d
list of about 1500. The database includes colurans f
question, answer, source and standard if applicablésual

Machinery’s Handboagkis an expansive 2500 page industrial Basic macro is used to randomly select questionsdoh

tome on standards, fasteners, engineering materials
mechanics, machining, quality assurance, manufactur
processes, CNC (computer numerical control) andgjosut
everything mechanical. It is the manufacturing ptaners’
bible. MET 102 is the first of several classes ieqg

Machinery’s Currently, this class is still where students are

expected to become skillful in the navigating toek
Unfortunately the book is not practical for assigmeadings,
since it is mostly charts, tables and other priacigr
information.

During the same timeframe, a popular TV shote

Paper Chasefollowed the exploits of lvy League law school

students learning lessons in law and life from vabke actor
John Houseman as the cranky but wise law profeksone
episode, Houseman, telling the class that he wastto
bolster the students’ knowledge of the library refees they
would use as practicing attorneys, assigned a wekie
answer a set of 100 obscure, very detailed question
spanning all reaches of the law. Because of th@asiply
short timeframe, the class nearly rebelled unélttrealized
that through teamwaork they could divide the questio
among the class and complete the assignment. Tilegfd
course, and afterwards discovered that teamworkomwaof
the real lessons in the assignment.

That approach sparked the genesis of a projecyiagpl
similar principles to topics in science, technolagg
engineering practice plus allied topics, as a wegricourage
students to become more deeply familiar iithchinery’s
their other texts and various other referencasast
continually been expanded to encompass nearly every
technical discipline and now heavily leverages ueses of
the worldwide web. In completing the project, itsva
envisioned that along the way students would léauapply
a good dose of creativity in finding sources arstdver the
value of teamwork as well. From the beginning,itiient
was for the answers to become secondary to thegsand
then only as affirmation of the experience of tearsh. The
project was dubbed, “the Treasure Hunt,” becausbeof
‘treasured’ knowledge to be gained from the project

To reinforce this, grading of the questions is daze
two parts. One-half credit is awarded for the coremswer,
regardless of how it was obtained — no documentatio
required. The other half of the credit is earneairfr
providing documentation from a published sourcedofirm
the answer. If a standard is applicable, the socredit is
split again between the documentation and theiiifeatton
of the standard. Thus a less than fully documeatexiver,
albeit correct with documentation, would still yWednly
partial credit if the student failed to recognibattthe answer
is actually derived from an applicable national or
international standard.

Generation of questions for the Treasure Hunt
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student, resetting the random number generatar edich
question. Hence each student is presented witlgaeset
of questions.

Sample questions

* What was the date of issue (mm/dd/yy) and to whom
was the first US patent issued for the safety pin?

« For a yet unidentified manufacturing process, g
asked to spec out 1000g of Woods Metal
(Bi50%/Pb25%/Cd12.5%/Sn12.5%). Identify a vendor
(name, address, phone, FAX, URL, etc.), current cos
and precautions if any.

* What is the standard for water hardness testifp@x
hand soap?

e What is the usual minimum yield point in psi, RAE
950 Steel (0.5 dia.) as furnished by the mill?

*  When using lock wires to secure bolted connestion
what are the recommended type and diameter(skof th
wire?

« What is a gathering operation in forging?

* In 2002, when did Daylight Saving Time begin in
Europe? Answer to be date and GMT.

EXPERT SYSTEMS

Expert systems are used in many applications,queaitiy in
business, to simulate the knowledge of an expeatfiald
and respond to the input of a user with suggestiased on
this expert knowledge within a narrow, well-defindomain.
A system is designed to provide an inexperienced wih
information and assistance with a problem whenxge® is
unavailable[3] Among the characteristics which make
expert systems enticing is their modular style,chhieads to
easy addition of new knowledge in the form of neves
and/or new facts/vocabulary.

Often expert systems are designed to ask a sdries o
questions and navigate through rules based omthweeas
received. In our situation the students were notgla good
job answering specific questions about their gipesblem
or at gleaning bits of information from the contekthe
problem, so we wanted to have the expert systeponesto
the actual problems the students had been givéssitof
expecting the student to answer questions in diaitigthe
computer.

Expert systems in libraries are not new, but theyeh

not gained wide recognition. Many of the applicatidhat
can be found have been created to assist useesamuning
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which databases would be the best for them to kegieen
their particular information need. [4,5]

Development of the expert system

Development of an expert system includes severs.pbhe
first is the knowledge acquisition step, which ives
gathering all the bits of knowledge that need tedged into
the system so that the computer can make the logica
recommendations that would match those of the éxPerce
the information has been gathered, it needs tmdectinto
an expert system, often done using an expert systethor
application tool. The shell provides the framewarnki much
of the programming and leaves the developer ta ¢imée
expert knowledge.

For the finding technical information expert systehe
knowledge acquisition process began with the amabfsan
existing collection of questions gathered by Puislue
engineering librarians and staff from student agsignt
sheets. The assignment questions were kept towheke
answers were found and then used to train newetndning
staff members on how and where to find answers. The
guestion analysis helped create the thesauri ofdwys
which are used to help the librarians identify tyyge of
guestion and the possible sources for answersthEsauri
that resulted create the collection of ‘facts’ thet the data
used to interpret the system input.

Logic statements

We chose to build a common form of expert systese;r
based. [3] This type of system represents the kedgd as
heuristics or “rules of thumb”, which when writtam
English are if—-then statements that generate dtsdist, and
the facts, which in our case are lists of termseWhsed
together the rules and facts identify a type ofné®r
example, density is a material property as is Hrelfess
factor for a particular metal; so, terms like dgnand
hardness are in the list of material property terfiimese
terms then are referred to from the rules (logiteshents),
which may look something like:

IF {material property} and {wood} THEN materials

In the above statement, the sections in bracesdteivhere
the expert system must check the list of termsrtieat go in
this part of the statement. If both sections oflthstatement
return a match to any part of the text of the irgugstion,
then there is a 100% match that the user shoukkstigate
the items in the materials list of resources.

The generation of the rules was also aided by arsabf
the questions which had been kept over the years an
knowledge and experience gained by librarians tgjnou
many semesters of working with the students androbgy
where they have difficulties. Questions were ifiifia
developed to address each group of terms or thesatirom
there additional questions were created to refisalts and
combine words from related lists. Finally statersemere
written to handle specific questions and keywortscty
were not covered in any of the thesauri, but whaighknown
to use particular types of resources.
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After initial programming and some significant cgas
based on testing, the expert system uses 139 logic
statements. The thesauri were also reviewed apetiined
to better direct results.

Programming the Expert System software

For development we found and began working witlopen-
source expert system application called CLIPSw®ch is
written in C and is designed for portability ance ws
different operating systems. The program can asulle
different types of programming paradigms: rule-loiase
object-oriented and procedural. This seemed a guaidh,
as it would support our rule-based system requirgraed is
written in a language that would interface welllwét web-
front end, which is how we decided to make the igppbn
available to the students. Development work wasdpnthe
student programmers in IT@P, the campus departthant
funded the grant. After the first review of the hggtion it
appeared the logic was not functioning as expe&#édr our
extensive testing and explanation of the logic weeeted to
see, the programmers determined CLIPS would natifum
as we desired and chose to program the application
themselves.

The application is now written in C# and functiass
anticipated, particularly for the rules with moham one part
to the IF statement. The rules and lists of terrasal
maintained in a database, which incorporates otieedbest
features of expert systems, the modularity of dathrules,
which makes updating and refining the system dyfair
simple task.

The user interface is a Google™ style text box. The
students type in their questions as they are giwv¢hem on
the assignment sheet. The ability to enter anesqgtiestion
reflects the initial design decision to eliminate t
requirement that the students pick out the keywordke
question.

The application provides output directly below the
search box on the initial page. The results shdist af
sections from the subject bibliography used in e
semesters, along with a relevancy ranking for eaciion.
This gives the students an indication of wheregdot $n an
often-overwhelming list of sources. Each sectioa is
hyperlink to the externally hosted subject bibleyghny,
bringing students to the sources, but skippingifhectory
interface. The directory interface will still bealable to
students, but it is anticipated that it will take far less
importance to future classes.

One of the desired outputs from the expert systasn h
yet to be realized, and that is presenting thermé&tion that
was entered into the system with the terms thatinegk part
of the rules highlighted. We feel that this wouldghinstruct
the students on the parts of the question thapraméading
information to the librarian, or the expert systemhelp
determine what type of sources they need to usmatidg
this part of the application would also make odotial a
“good expert system”, which is defined as one thaat
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explain its reasoning process in obtaining an answat
least cite the sections of the knowledge baseetblat the
conclusion reached. [8]

ANIMATED TUTORIAL

Supplementing the expert system functionality af ou
learning object is an animated, multimedia tutoN#hile the
expert system provides students an interactivecbéa
option for identifying useful information sources their
problems, we also understand that our users fifwtritation
in different ways. The animated tutorial sectiosp@nds to
those users who like to ‘browse’ rather than ‘skafor
answers. This tutorial provides a structure fordhaverse of
technical information, so that students can sedid@icture
of how all of those resources fit together and lama when
each one can be used.

The reason for creating this in an animated muliiise
format is that it is seen as a best practice ioriait
construction. Dewald [7] identifies several chaggistics of
good library instruction that can be exported iatoonline
environment. Among them, she discusses courseratteq,
active learning components, enabling collaboration,
providing multimedia content, articulating cleaijextiives,
and focusing on concepts and not just mechaniosaldg9]
also discusses the key role interactivity playthsuccess
of online tutorials, especially the ability for us¢o choose
their own path through the content at their ownep@s
evidenced by the success of the Texas Informatitmdcy

level of interactivity increases practicality, aslhas the
usability of the tutorial and lets the user bypidies
frustration of seeing the same animation sequences
repeatedly when they just want to access the cbateh
links to the actual resources.

The scope of the tutorial does not cover usingdriiie
specific sources identified as relevant for thelstis. Partly,
this is due to the focus of the tutorial on theazpts of what
kinds of technical information are available, rattre&n on
the mechanics of individual search interfaces (Wi
likely to change, often without notice). Purdue®RE
(Comprehensive Online Research Education) progiEsi,
which is targeted toward the general undergradcateers
general search strategies, so the designers dieelat
necessary to include those skills in this modulewelver,
links to the relevant CORE module for those stusi@rith
questions will be included.

The end result of the prime motivation of the tigbr
component to this project, finding an approprigsource
for a technical information need, is the same ashfe expert
system. Indeed, the underlying resource list issHmae for
the animated tutorial and the expert system, setteally is
an effect of browsing versus searching for the same
information.

RESULTS

Two semesters of data were gathered for studerasodk

Tutorial, TILT[10] and its many descendents, [11] Colorado the class and went through the Treasure Hunt assighin

State’s Data Game, [12] the creation of a sharpdsitory
for animated tutorials, [13] and the developmenrd of
community of expertise in multimedia construction
spearheaded by Markey, [14,15] multimedia tutores
continuing to be seen as important methods foirggtt
information across to our current students.

In the development of the multimedia tutorial
component, the designers considered the factarsddiy
Dewald, [9] and attempted to integrate as manyoasiple
in the tutorial construction. The theme of the zatieal
tutorial is that, without proper understandingextnical
information about a product or material, bad thiogs
happen. In the course of the tutorial, a beleagueykot on
an assembly line is subjected to many dramatigimties
caused by the engineer’s failure to check materigperties,
standards, intellectual property consideratiorss, Bhe use
of humor, explosions, and mean lawyers in black$meeks
to attract the attention of students while leavtmgm with
indelible images to reinforce concepts.

The tutorial is written so that the user can setjaiyn
‘tour’ the different forms of technical informatiaelevant to
students, finding out what they are and what thheygaod
for (and what happens when you don't take them into
account). Alternately, users can focus on the @aer type
of technical information they have questions alanat just
learn about that. While containing interesting shlacreens
and animations, the tutorial allows them to be g&th This
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the same way as it has been for years, with thHegitaphy
and librarians functioning as the primary guidafure
students. This data functions as a large conttdbsé¢esting
the effectiveness of the online tools.

A pre-test and post-test were given to each of the
students to assess their self-determined abilifintband use
a variety of information sources. Students weredgk rate
their ability on a 10 point Likert scale with 1lasv and 10
as high. The tests asked about the students’\atuliise the
online library catalog to locate materials, deteting when
they would use different types of technical infotima and
their ability to locate and use a variety of diffet types of
material, including standards, patents, handbomides,
encyclopedias and dictionaries. The results fohepestion
were analyzed using a repeated measures t-testipare
the responses of the same student in each sete$his,
shown in Table I, indicate the students have #stitzlly
significant, positive change in their ability raggfor finding
and using most types of material.

For both semesters the smallest change in selésesde
ability was for locating and using dictionaries and
encyclopedias. Most students are very confidetteir
understanding of these types of resources and heyv t
work, and the changes indicated were not statlitica
significant.
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TABLE |
T-SCORES FORALL MATERIAL TYPES;, CONTROL SEMESTERS

Type of material Spring 2006 | Fall 2006

t-scores t-scores

(n=52) (n=36)
Library Catalog 5.816681 8.574979
When to use technical information 6.883795 | 7.235174
Standards 5.260486 6.60359
Handbooks 4.445442 4.916889
Patents 6.415348 5.748451
Codes 4.823047 5.541192
Encyclopedias -0.25036 1.692071
Dictionaries -0.94729 0.291111

Based on the data from the control groups it caseam
that the Treasure Hunt assignment serves the paigfos
teaching the students about a variety of differesburces
available to them, what sorts of information carfdaend in
each and how to use them.

The post-test also asked students to report thainge
in confidence when using a source, also rated h @oint
Likert scale with 1 representing no change anchiiitating
significant change. When the change in confideagels
were analyzed for the Fall 2006 semester, usingea o
sample t-test, all types of resources show stegidyi
significant increases in confidence using the itamiseen in
Table Il. This includes encyclopedias and dictisggrwhich
receive almost no change in rated ability to usestiurces,
but the students’ confidence in using these madseria
increased after completing the assignment.

TABLE II

CHANGE IN CONFIDENCE T-SCORES FALL 2006

Type of Materials t-scores
(n=36)

Library catalog 12.38264
When to use technical information  10.35269
Standards 13.34311
Handbooks 9.578119
Patents 6.422024
Codes 7.863047
Encyclopedias 6.419471
Dictionaries 5.605828

We also tested for a correlation between the regort
change in ability and the reported change in cemfie for
each of the types of resources the students mag/ insad in
completing the assignment. This was done usingaasBe
correlation, which shows the degree of linear retehip
between two variables. For Fall 2006, all typematerial
show a positive correlation between ability to asource
and confidence in using a source, but it varieddgree, as
seen in Table Ill. As would be expected, the erapetiias
and dictionaries have a low correlation, reflecting
minimal reported change in ability but significafiange in
confidence when using the sources.
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TABLE llI
PEARSONCORRELATION, CHANGE IN CONFIDENCE

Type of Materials Correlation
Fall 2006
Library catalog 0.383009
When to use technical information  0.220141
Standards 0.332213
Handbooks 0.563591
Patents 0.440355
Codes 0.234801
Encyclopedias 0.125692
Dictionaries 0.086334

Spring semester 2007 marked the first use of tperex
system and animated tutorial in assisting studeittsthe
assignment. The same pre and post tests were w@ivhis
group of students as with the two control semestedsthe
contents of the course and the assignment havieceot
changed.

The Spring 2007 data, shown in Table 1V, indichee t
same student reported changes in ability for bedodkafter
the assignment as the control semesters. All tgpes
resources show a statistically significant, positthange in
ability to use except encyclopedias and dictiorsarie
Similarly, the test for change in confidence fdstsemester
also showed significant changes in confidence effasall
categories of materials.

TABLE IV
T-SCORES FOR ALIMATERIAL TYPES; SPRING 2007

Type of material Spring 2007
t-scores
(n=50)
Library Catalog 6.902311
When to use technical information 5.686069
Standards 7.382625
Handbooks 3.31599
Patents 5.008601
Codes 4.544838
Encyclopedias 0.992933
Dictionaries -1.27273

The most interesting information to the authorthés
comparison of the Spring 2007 data with the Fall®0ata,
to see if there is a difference which may be aited to the
use of the expert system and online tutorial. Towt-pest
scores for each semester are compared using adretwe
groups t-test. Table V shows no significant differe
between the two semesters.

TABLE V
BETWEEN GROUPS TTEST, FALL 2006AND SPRING 2007
Type of material Between
Groups
t-scores
Library Catalog -0.925
When to use technical information -0.74075
Standards -1.05912
Handbooks -0.25441
Patents 0.012309
Codes -0.39745
Encyclopedias 0.366887
Dictionaries 0.15987

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



Although there was no statistical change in studeéilities,
the scores of the students on the assignment J\sraat
markedly different than in previous semester. Thus,
likely that the expert system has worked as expleatel
been used by students instead of consulting wéHitinary
staff, and a lack of change indicates a successful
implementation. Table VI shows the variation in m@nof
reference transactions per student during the Giredsunt
time period. There is a clear reduction in number o
guestions during the Spring 2007 semester. WhdeMET
102 students are not the only ones asking quedtiariisg
the assignment, they dominate the number of traiosec
and account for the noted fluctuation. The redunadber of
reference transactions may be an indicator thagxpert
system and tutorial were being used, thus redutiag
number of students asking for guidance from theafip
staff.

TABLE VI
NUMBER OF STUDENTS ENROLLED AND NUMBER OF REFERENCE
TRANSACTIONS DURING THE ASSIGNMENT

Semester Number of Number of | Transactions
students transactions | per student
Spring 2006 90 546 6.1
Fall 2006 63 323 5.1
Spring 2007 80 295 3.7

Anecdotally, the students are placing keyword$iéen t
expert system instead of the full questions. Theeetx
system still presents results, but does not fudip the
student, since many of the keywords that help ¥pers
figure out what information is being sought arenigei
omitted by the student. The ability to identify tkey points
in a question is part of the learning process liiitt this
Treasure Hunt assignment. Given that, we can meaxthe
expert system to take over the teaching role ofitinary
staff, only to assist in initial guidance to possibources for
answers.

CONCLUSION

As stated before, the overriding goal of this pecoje the
process of research and teamwork, not the ansigrs.
completing the project, students experience thesyyd
references available to them, both locally and chide.
The tutorial and expert system are intended to giudents
additional instruction that it is difficult to sulypin the
environment of the “Treasure Hunt”. We view thissas
creative solution to encourage students to leamerabout
technical information, as well as streamlining shadents’
research processes. The expert system was chosauskat
mirrors the reference interview process and allstugents
to gain the same underlying knowledge of technical
information that the librarians and staff are akging to
convey. The tutorial provides an independent waykin
environment for students to learn the big pictureeohnical
information as well as be directed to subject-dpesources.
The concept of a dual-sided educational tool waevkl for
this assignment and gives the Purdue Universityaribs
and engineering and technology students of Purdue
University another tool to gain self-directed knedge.
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