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Abstract: Online textbooks call be connected to other sources of information to improve their ('ducl­
tional valne. \Yf e describe two case studies. Onc used a medical textbook and connected to medical jnurn;ll 
abstracts via a thesaurus. The textbook, journal abstracts, ,md thes;mfus were stored on ;1 CD-RONI. The 
other case study shows ;l textbook on the World \Yfide Web that is connected to various other sources of 
inform;uion. About h,ll£ the book references are to web sites, and the textbook is part of an online course 
that is connected to an online catalog and other courses. Such linkages among information spaces should 
help students navig;ne the information relevant to their studies. 

1 .  Introduction 

The rapid growth of information in the world con­
tinually challenges us to find new tools to help us dis­
cover and appreciJ.te the knowledge behind the in­
formation. Educators and researchers have organized 
this information in various ways. For the purposes of 
this work, a textbook is called <-\ primary information 
source for a student. A database of journal article ab­
stracts is an example of a secondary information 
source. \Xlhat is the significance of this distinction for 
learning and for building computer-based systems to 
help learning? 

The process of learning may be an active and ex­
ploratory one in which the learner decides what and 
how to learn (Boud, 1990). The human learning pmc­
ess requires searching for) selecting from) and reorgan­
izing of information (Howes and Payne, 1990). 

Coursew.1re should help the learner construct learn­
ing opportunities (Reisman and Carr) 1991) through 
learning by doing (Sch'1I1k, 1994), and should help the 
learner to build a cognitive map of the learned 
knowledge (Geyer) 1986) which links to the existing 
knowledge fr'.1lnework. 

\Xlhen a learner encounters a concept and tries to 
underst .. 1m{ it, he/she may want to comp.lfe it with 
the definition of another concept previously learned 
or to consult a relevant paper about a specific exam­
ple. Related knowledge sometimes comes from text­
book materials (primary information), but sometimes 
also involves accessing the secondary information 
space. Because there is ;1 gap bel ween the two infor­
mation spaces, the links which bridge the gap may 
support the learning process (Rada and Murphy, 
1992) (see Figure 1). In non-computerized learning 
environments) this kind of link may be provided in 
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p�lp<:r-bas<:d form and the corresponding information 
access must be done manually (Nowaczyk and Syn­
der, 1993). 

Figure 1. Primary information space and secondary infor­
matIOn sp;lCe. 

Courseware that provides access to both primary 
inform,uion and secondary information requires 
large-volume storage. This storage might be provided 
by networks as through the World Wide Web or on 
CD-ROMs. This paper describes in detail a project 
that converted <l medical textbook and secondary in­
formation source into CD-RaM-based, interactive, 
hypermedia courseware (Peng et ai, 1994) and then 
describes more briefly a wen-based courseware proj­
ect. 

Our work is that of engineers. \Y/e have built sys­
tems that have novel features ,md that demonstrate 
important architectural features for connecting text­
books and secondary information spaces. \Y,fe do not 
present extensive reviews of alternative models of in­
formation structuring (e.g. Agosti et aI, 1996). \Y.,1e do 
not present experimental results about the utility of 
our system in eduC<ltion. \'(/e readily acknowledge 
that in the end the value o[ the engineering mllSt be 
demonstrated by its usability in a systematic way 
(Draper et aI, 1996). 

2. Medical CD-ROM 

\X/e were partners with Elsevier Scientific Publish­
ers in two consecutive European Union projects, one 
called OAR and the other GALEN. In the OAR pro­
ject we developed algorithms [or connecting docu­
ments to queries via intelligent processing of [he the­
saurus for Excerpta Medica (Rada et ai, 1991). In the 
GALEN project we developed new medic.11 thesauri 
to connect patient records and the medical literature 
(Rada et ai, 1992). We were alsn working with fund­
ing from the British govcrnmcnt in a consortium of 
medical schools to develop medical courseware. One 
of the partners in this medical school consortium had 
L'o-.Hlthored. a popular medical textbook entitled II 
Colo"r Atlas and Text o/Clinical Medicine (Forbes and 
Jackson, 1993). Forbes was willing to work with liS to 
develop an interactive, electronic course based on his 

book. The publishers of the Forbes and Jackson text­
book were eager to pursue electronic publishing and 
contracted with our group for rhe development of a 
prototype CD-ROivl lO satisfy several properties. \YJe 
developed two prototypes of our CD-ROM and be­
lieve that aspects of our prototypes are of interest to 
the academic community. 

2. 1 Medical Inforlllation Spaces 

The design of the system must start from an �1l1aly­
sis of the components in the information space, as 
well as their rebtionships. For our purposes, the in­
formation space for the learning of clinical medicine 
is composed. of the following information compo­
nents: 
• the clinical medicine textbook, 
• a set of journal abstracts of medic.ll iiterature, .md 
• �1 medical thesaurus. 

The 'Colour Atlas and Text of Clinical Medicine' 
(Forbes & Jackson, 1993) (hereafter abbreviated 
Clinical Medicine Book) constitutes the prim,lry in­
formation space. The readership would include medi­
cal students and candidates for postgr,lduate examina­
tions, while also being of use to a wider medical audi­
ence in other clinical specialties. Each chapter con­
tains extensive cross-references (intra-links) to aid the 
effective lISe of the book and its illustrations. There 
are a total of 1434 images, which include full color 
photogr�lphs, microscopic, radiologic,ll ,  ultrasound 
and endoscopic images. The index includes the key 
terms which appeared in the textbook as well ,1S their 
location in the textbook. 

EMBASE is the Excerpta Medica online database, 
which cont�lins biomedical information taken from 
4500 journals published in many countries and lan­
guages (Excerpta Medica, 1989). EMTREE is the 
numbered classification system used to index EM­
BASE. The EMTREE system is based on fifteen facets 
ranging from Anatomical Concepts to Society and 
Environment. Each facet cont'lins up to twelve levels 
of hieLlrchy. 

The Excerpta Medica Abstr,lCt Journals are derived 
from EIVIBASE, Medic,ll specialists select the most 
important abstracts from EMBASE to be printed in 
the abstract journals. The Excerpta Medica Abstract 
Journals include 45 sections which together cover the 
complete field of biomedical science. Excerpta Medica 
Abstract Journals are published several issues every 
year, each of which is dedicated to the topic of one of 
the 45 sections. Abstracts in each issue are classified 
into several categories. By providing access to the Ex­
cerpt;) Medica Abstract Journals, the Clinical Medi­
cine Book would be further enhanced by thousands 
of references to specific, related information in the 
area of clinical medicine. 
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The information access across the two spaces can 
be classified into three types: 
• The request of information access is generated in 

the primary information space and satisfied in the 
secondary inform;uion space through irl­
dex/thesaurLLs. 

• The request of information access is generated in 
the secon<.hry information space and s.ltisfied in 
the primary information space through the in­
dex/thesaurus. 

• The information access request is gener.ned either 
in the primary information space or in the se(()!1-
dary inrormation space, and satisfied by browsing 
the thesaurus. 
The composition of the inform.nion space and the 

rehtionships ;ll11Ong the components highlights the 
importance of the thesaurus and index (sec Figure 2). 

primary 

information -> . . . . 
space 

(textbook) 
index· 

IhesJlIrU5 

seco ary 
inform.l 'on 

space 

abstracts 

figure 2. The primary information space and thc scconcbry 
information SP,lCC connected by index/thes.lurus. Video 
dips were also incorporated illlO the coursewarc. 

2.2 Prototype Design (wd Impiemelll((tion 

A prototype has been designed and implemented. 
Thc purpose of .1 prototype is to refine .mel test the 
models e.lrlier forwarded. The prototype is built with 
;1 hypermedia authoring tool called Guide. The stor­
'\ge medium was a CD-ROlv1. 

\X'hilc EMTREE covers ;llmost every specific topic 
in medicine, the Clinical Medicine Book covers only 
the major topics. Many P,lrts of EMTREE were of no 
help in providing further information on topics in the 
textbook. How shall one combine useful parts from 
EMTREE and the Abstract Journals? 

The st;uting point in the selection of related matc­
ri,-11 from ElvlTREE and the Abstract Journals is the 
index of the Clinical Medicine Book. Both the text­
book index ,md ElvlTREE were made .waibble in 
electronic form. \Vith the online index and EM­
TREE, one could use the computer to find the terms 
in both. The EMTREE terms which also appe,-lf in 
the textbook index are considered important. These 
terms were marked for further processing. After find-

ing the rebted terms, rebted journ,11 abstracts could 
be found b�lsed on these terms. In the Abstract Jour­
nals, e�Kh section includes a subject index \"hich is an 
.-tipiubetic list of all the .lbstLlcts in this section b�lsed 
on the keywords. If one of the keywords of  an ;lb­
stracl falls in the cnegory of ;1 related index terlll, 
these abstracts were m.u-ked .IS a reLned abstr;Kt .ll1d 
included in the CD. 

The index of the textbook and the medicll thes.Hl­
rliS (Sub-EIVITREE) constitute ;1 bridge between the 
primary il1fo l"l11.1t ion sp;Ke �111d the secombry infor­
n1<1tion sp;Ke. The index is from the textbook itself, 
so each term 1t'1S ;It le,lst one link to the correspond­
ing term in the body of the textbook. The thesaurus 
is .1 subset of EtvlTRFE with e.Kh branch includin� 
terms appe;lring in the index. These terms arc treated 
the same as the terms in the index, i.e. linking to the 
corresponding term in the body of the textbook. Thl' 
links bet ween the textbook ;md the indexlthes;lurus 
.lre made hi-directional so dl.lt one can go from .1 
term in the body to the corresponding position in the 
index or thesaurus to view other .lppeaLlllCeS of the 
same term, if .1 11Y, or to check rehted concepts 
through the thesaurus. 'fo nuke .1 reverse link from 
tcxt to index, the n.Hural way is to mark the term in 
the textbook as the start point of ;1 reference link ;lnd 
the end point is in either index or thes;H1rus. \Vhen .1 
term is linked from both index and thesaurus, the re­
verse link is linked to the thesaurus becHlse a term in 
the thesaurus includes ;111 links associated with .1 term 
in the index. \Xlith these reverse links, one is also able 
to check related m.neri;11 through the thesaurus. 

At the same time, the index ;lnd thesaurus arc also 
linked to the journal abstr.Kts. Since the abstracts Jre 
selected b'lsed on the index terms of the textbook, 
e.Kh selected ;lbstr.1Ct should be related to at le.lst one 
index term in the textbook. Therefore, links can be 
established bet ween the selected ;lbstracts and the in­
dex, .IS well �IS the thesaurus. \,\/ith these links, one 
can quickly go to related liter-Hurl' abstracts from the 
textbook through the index or thesaurus. 

2.3 Examples 

The following examples shmv the three types of 
inforn1<1tion ;Kcess: 
• from the primary information space to the secon­

dary inforl11,-uion space, 
• inform,-ltion access in the reverse direction, and 
• a thesaurus providing a unique perspective on the 

information structure. 
\,\/hen a learner encounters a concept in the pri­

mary information space, lumely the textbook, s/hc 
sometimes wants to find more knowledge even 
though at the moment s/he does not know clearly 
-what is needed. S/he llUY go to and browse the the-
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saurus, find some interesting terms, and then go to 
the corresponding journal abstracts for more specific 
knowledge. For example, the learner encounters the 
concept ' liver infection' in the textbook and needs to 
know more about it. S/he may then jump to the the­
saurus through the textbook-thesaurus link. In the 
thesaurus s/he finds related concepts (see Figure 3), se­
lects 'hepatitis', and goes to the corresponding jOllrn,ll 
abstracts entitled: 

• "Human immunodeficiency virus ,1S a possible co­
factor in the development of fulminant hepatitis B 
in intravenous drug abusers" 

• "Summary of the biosafety workshop: ,lpplicnion 
of bios.lfety principles in blood establishments" 

by the thesaurus-abstr,Kt links, from which more spe­
cific knowledge can be obtained. 

�.[:::.:'.::.'::':::.::�:.::::.:;::::::.::::.::::.::::.::::.::::.::::.::::::::.::::.::::.::::.::::.::::.::::.::::'::\::'::::'::\::::::'::::'::::' . GUIDE Viewer . . '::�'.::':':':::.::�:.::::::::.::::.::::.::::.::::.::::.::::.:.:.: ... : .. :::::.::::::: ..... .... .. . . . 
esophagus disease 
hepatobiliary disease 
liver disease 385 - 408 

alcohol liver disease 
[ally liver 
hepatitis 
liver cirrhosis 
liver dysfuntion 
liver tumour 407 - 408, 9.46, 9.47, 9.48 
parasitic liver disease 
Polycystic l iver dise.lse 405. 9.42 
portal hypertension 
abscess 66, 406 - 407, 1 . 175 - 1 . 177, 9.45 
chronic 399 - 405, 9.31 - 9.44 
Liver failure 396, 9.26 

pancreas disease 
stomach disease 

ear nose throat disease 
endocrine disease 
eye disease 
heyd and neck disease 

Figure 3. Screen dump showing the parr of the thesaurus reLncd to ' liver disease' from where OIle C;Ul fllnher jUlllp to the ;lb­
stracts related to ' hepatitis' 

Textbooks usually emphasize the systematic intro­
duction of knowledge, while journal p.lpers empha­
size research results. These two information sources 
can complemenl one another. For example, when the 
learner reads the journal abstract entitled "Hepatitis 
o virus and human immunodeficiency virus antibod­
ies in parental drug abusers who arc hepatitis B sur­
face antigen positive" ,  s/he might want to know the 
b,lsic properties of hepatitis D ·and B which arc not 
available in the abstract. In this case, through the thc­
s.HtrlLS, s/he can go to the corresponding paragraphs 
of the textbook to get a systematic introduction to 
them. 

The structure of the textbook which is outlined by 
the table of contents of the book provides one per-

spective, while the thesaurus provides another. \X/hen 
a learner reads the textbook, s/he sometimes feels tlut 
a concept needs to be understood in a bro,lder per­
spective. Through browsing the thesaurus, the learner 
C111 get a different insight into the concept by being 
aware of the relationships among related concepts, so 
that a deeper understanding can be formed. And ·also 
on this basis, s/he em go to the relevant part of the 
textbook OJ" corresponding journal abstracts to get 
more information. Por example, the le.lrner encoun­
ters the concept ' portal hypertension' in Cll<lpter 9 of 
the textbook and might go to the textbook table of 
contents (sec Figure 4a) . By browsing the thesaurus 
(sec Figure 4b), s/he can get a different perspective. 
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Disorders of the Liver and Pancreas 

History 
Examination 
Investigations 
Clinical presentations of liver disease 

Cirrhosis 
Portal hypertension Isotope SCaJ111 ing 
Liver Failure 

Acute hepatitis 
Chronic liver disease 
Liver abscess 
Liver tl1lll0UrS 
Diseases of the gall-bladder 
Pancreatic disease 

Alphabetic Index 
Classified Index 

Figure 4<1. The heading ' portal hypertension' can be viewed from the perspective provided by the textbook. 

Physical Disease by Anatomical Structure 
abdominal disease 
Abnonnal body build 
breast disease 
cardiovascular disease 

cardiovascular tnalformation 
cardiovascular inflammation 
cardiovascular systenl tumor 
heart disease 
hypertension 

essential hypertension 
malignant hypertension 
portal hypertension 394, 9.20 
pulmonary hypertension 
renovascular hypertension 

hypertension 
hypovolemia 
vascular disease 

connective tissue disease 
digestive systenl disease 
ear nose throat disease 

figure 4b. The heading 'portal hypertension' can be viewed from the perspective provided by the thesaurus (which is different 
from thilt provided by the textbook). 
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WI e have developed connections between a medical 
textbook and Excerpta Medica in <1 semi-manu'.ll fash­
ion. Terms in portions of the textbook were semi­
automatically collected and m.ltched against terms in 
Excerpta Medica. Some m.nches were then chosen in 
an intuitive fashion to incorporate in the prototype 
electronic product. OUf intention was to demonstrate 
in subsequent prototypes how these processes could 
be extended both with automatic tools ,mu with sys­
tematic user feedback. The automatic tools would in­
clude more sophisticated programs for selecting terms 
from the textbook and more sophisticated algorithms 
for matching these terms against components of Ex­
cerpta Medica. Advances in the methodology would 
include allowing the user to define a profile that 
would dctermine which matches between the text­
book and Excerpta Medica were made. To effect dy­
namic matches to Exccrpta Medica based on USCI' pro­
files would require that large amounts of Excerpt.l 
Medica be accessible. One way to do this is to have 
the CD-ROM invoke access to Excerpta Medica 
across computer networks. The CD-ROM is a par­
ticularly appropriate medium for videot'-lpes and large 
amounts of static textual information. Software on 
the CD-ROM can also initiate communication with 
the \X'orld Wide Web and bring many options to the 
user. 

3. Web Textbook 

The notion of primary and secondary information 
space is only a first ;lpproximation to separation of in­
fOfmation spaces. Information may be categorized 
along multiple facets and along each facet it might 
have many attributes. The first author has developed 
.mother hyperlinked textbook which illustrates fur­
ther �1spccts of connecting across information spaces. 
The book is �lVailable in paper and online as part of a 
course, and the course is part of a virtual college. 

3.1 Virtual Edllcatioll Mallifesto Textbook 

The textbook is entitled Virtual Education Mani· 
;esto (Rada, 1997a). The paper version of the book 
provides [he traditional 
1 .  outline to connect components of the book, 
2. an index of alphabetically sorted terms that point 

to relevant components of the book, <lnd 
3. bibliographic references that point to secondary 

sources of information. 
The textbook includes 175 references. 81 are refer­

ences to material on the web. In the online version of 
the textbook, these links are active so that the reader 
can select the reference and be then taken to that ref­
erence across the web. These "bibliographic" refer­
ences vary widely in character. Some are to preprints 
of journal articles. Some are to papers that were pre­
sented at workshops (see Figure 5). Some links are to 

6 Book VEM • Microsoll lntornet Explorer I!!I� 
file £dit View !do F.-avorite:s Help . . . .. 

Prut IT: Administer ru1<1 
Author 

Ch. 4: Administer 
Ch. 5 :  Author 

Prut ill: 1Jru'ket 

'<::11 .. 6;�Qmorate 
Ch 7: State 
Ch 8: Brokers 

Ch 9: Conclusion 

� 0 Blumenthal, Richard, Lori Meiskey, Scott D ooley, and 
Randall Sparks (1996) "Reducing Development Costs With 
Intelligent Tutoring System Shells" Position Paper for ITS'96 
Workshop on Architectures and lvlethods for D esigning 
Cost·EtIective and Reusable ITSs, Montreal, June 10th 1996. 
available at 
http:// advle am.lrdc. pitt. e duiits· arch/pap ers/blumenthal. html 

o Bolt, R (1980) "Put· That· There: Voice and Gesture at the 
Graphics Interface," ACM Computer Graphics, 14, 3 ,  pp. 
262·270. 

o Boehm, Elle (1997) "Intemational School o f Infonnation 
IVlanagenlenttl h.!:.!:P-://,,-vv,'{\v. isunu. edul 

o Botto, A. (1992) "Compact Disc Interactive" Electronics, 

< I  .. .•. .. · · · · 1 § 
c _ c r c c .'.' .' ,- iE�V.'illli ,; 

Figure ) :  Screen from online Virlffa/ Education Manifesto. The table of contents is on the left. The References section has been 
selected and shown on the right arc actual references. Notice here that 2 of the 4 references are to web material -- a ratio similar 
to that throughout the References section. 
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web sites of institutions that the textbook is 51.1111m<\­
rizing. Some links are to other online textbooks. For 
topics like virtual education, the most important ref­
erences are often published on the web and nowhere 
else, For online textbooks in certain domains, one can 
expect to find an increasing number of references to 
web-based material. 

The online version of the Virtual Education Mani­
festo is part of a course being offered in the Virtual In­
formation Technology College of the Globewide 
Network AC1demy. The Globewidc Network Aca­
demy is itself a massive catalog of distance education 
courses (GNA, 1997). Each course is characterized 
with about twenty attributes. One of these attributes 

is the topic of the course. The topic must be described 
with some set of terms from a classification that 
GNA provides - a cbssification of topics for distance 
education. The course entitled "Virtual Eclucnion" is 
currently cbssified under three concepts of educnion, 
computers, and Internet. By browsing or searching, 
through the cllalog to these topics one comes to a li­
sting of the Virtual Educllion course. The course li­
sting (see foigure 6) provides values for attributes tlut 
include instructor email address, method of eV�lluati­
on of students in the coursc, format of delivery of 
material, cost of enrollment, datcs of course offering, 
and other such material ,lbout the actual offering of 
thc course. 

1�i14ijf'm[.!'.ri,!,,!,lllrgf:!rnmi(m.H!!3r.B.]!'rnj@i!m'm!'li@ - ID' xl 
Eile {dit ',Liew Ida F§vorites Help 

hlStructor E-mail: rada(@wsu. edu 
Evaluation: graded based on online homework submitted 
Te:\.1: Virtual Education I\-1anifesto 
Fonnat: web 
Cost: negotiable 

J 
Schedule: anytime 
Location: anywhere 
Level: continuing education 
Language: English 

'·' 1' 
i 

Figure (1: Screen from GNA Catalog entr), for Virtual Educ,nion course. A few of the an-ributes art.' shown all the left hand �ide 
in bold and the attribute values are indicated on the left. 

The catalog also carries information about the pre­
requisite courses, if any, for the course in question. 
This kind of attribute can be an active link, given that 
the other courses are also available on the web. In this 
sense the course is primary inform,ltion and is con­
nected to other courses in the catalog as secondary in­
formation. 

3.2 Standards to Facilitate Connectivity 

To facilitate connectivity of educational material 
from any given primary source to related secondary 
sources a variety of standards have been developed. 
These standards are not necess;1rily widely followed 
but they each have an audience and are expected (0 
become increasingly important (Rada and Schoening, 
1997b). We look briefly next at two standards as they 
are germane to the theme of this paper. One is a stan­
dard from the Aviation Industry Computer-Based 
Training Committee intended for courses and class­
rooms. The other is a standard from Educom that 

targets connectivIty ,KroSS the web from institution 
(0 institutton. 

The Aviation Industry Computer-Based Tr,linin� 
Committee (AICC) standards specify that the medi.l 
components of a course must be stored in one of  .1 
few common formats. They also specify th�lt the 
courseware must be associated ,vith a text file that 
describes the course structllre and specifics the le.1r­
ning objectives of each component of the course and 
how these learning objectives rcbte to one another 
(AICC, 1995). AleC has also standardized how a 
piece of coursewarc will communicate with a cbss­
room management system (AleC, 1997). The cour­
seware must be able to import descriptions of stu­
dents who are enrolled in the course ,md must be ,lblc 
to export inform;1tion to the classroom system about 
each student's performance in using the courseware. 
Thus these AlCC standards describe how the compo­
nents of a COLJrse hang together and how studel1l in­
formation is passed to and from the course system. 
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Educom is a consortium of higher education insti­
l uliollS tlut is focllsed on the best usc of infonTI",nion 
technology for higher education and is attempting to 
both standardize and develop that technology. 
Educoll1 has produced a standard called the IMS Me­
udaLl Specification (Educol111 1997). This specificati­
Oil is din�cred tow·,u·d describing learning reSources 
th,lt arc �lCcessible, or perhaps just cat,llogued, online. 
The 1MS Metadar,l Specification consists of three 
primary pans: a dictionary of terms, a description of 
le,lrning resource types, and <1 system for m.1ll<1ging 
the Specification. The IMS Dictionary identifies lhe 
terms rl1<1t constitute Hv1S Metadau. These are the 
tenns that are used to label the learning resources, 
HvlS Metadata is broken down into fields and corre­
sponding values. All of the proposed available fields 
are defined in the dictionary ,1nd their values are en­
uJl1eLlted, These fields include author, credits, inter­
activity level, learning level, objectives, platform, pre­
requisil<.'s, price code, user rights, ;md user support. 
The hope of EdLlcom is that all higher education in­
stitutions will usc this metad,lt,l format to characteri­
ze their online educational material. Educom is wor­
king with the \X'orld \\fide \X'cb Consortium in the 
introduction of metadau inforln;Hion into the speci­
fication of the \':{/orld \':{Iide \X1eb itself so that this me­
tadata standard is confornunt with other efforts at 
suncbrdizing metadata formats across all web con­
lellt. 

The Virtual Information Technology College of 
the Globewide Network Academy intends to follow 
the st,lllthrds advanced by Educom and AICC. The 
hope is that extensive connection of primary and se­
comhry information sources will be facilitated in this 
W;.lY. Accordingly) students should be helped in their 
efforts to find valuable educational paths through the 
curriculum. 

4. Conclusion 

\\le have presented two case studies) one in detail 
;md one briefly. Both illustr;lte methods of con­
necting primary and secondary information sources 
in online textbooks. One case is for a medical text­
book connected via a thesaurus to medicli journal ar­
ticle abstracts. The other case is for a web-based text­
book connected to other web sites. 

By combining the medical thesaurus from a secon­
dary information space and an index fro111 a medical 
textbook, we were able to create the spine of a mer­
�ed information space. Our user scenarios involved, 
,H Ie,lst, three kinds of important link traversal: one 
from the book to the secondary information space, 
;mother from the secondary information space to the 
book, and finally within the thesaurus plus index. 
Our three examples from the prototype demonstrated 

these three Clses. Such access is not easily supported 
in non-computerized learning environments. 

A model for learning; that entails linking textbook 
indices and secondary information space thesauri h�lS 
been tr;msfonned into a design and then an imple­
mentation of a hypermedia system. Olhers could 
connect their own textbooks with their own relevant 
seconcbry infornution spaces in the same way. The 
eX;'lmple provided used a ccruin textbook, thes,lUri, 
indexed secondary information source, and hyperme­
dia tools but the principles would apply to any COI11-
bin,nion of comp,lLlble infornution sources and 
tools. 

The popularity of the \X'orld \X'ide \X'eb gives new 
imporlance to the ability to first distinguish and then 
properly connect primary and secondary information 
spiKes. The second example presents ,) web-based on­
line course that includes another textbook. This text­
book is richly connected to other web-based informa­
tion and is part o[ an online college. The online col­
lege constitutes anOlher, very different kind of secon­
dary information sp�Ke [or a textbook. \'Ve have illu­
strated how the information structures associated 
\"ith online courses, virtual classrooms, and virtual 
schools cre;lte numerous opportunities for useful lin­
kages between the textbook .. md the other infonnati­
on spaces. The standards that are being most actively 
advanced in the educational technology arena ,1rc 
focusing on supporting the links within and among 
i nfornution spaces. 

Research on the subject of connecting primary ;ll1d 
secondary information spaces can go in a variety of 
directions. One direction only briefly addressed in 
this paper concerns the methods for semi-automating 
the establishment of linkages. Another direction is 
the construction o[ interesting examples, The authors 
are both developing information spaces and working 
on ways to connect them. One current project is to 
build a virtual school, replete with courses, catalogs, 
student profiles) and other entities. Each of these enti­
ties is p�U'l of an online information space and the 
challenge of the school is to correctly connect these 
spaces and to actively guide the users dlrough the cur­
riCldul11. 
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