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PREFACE

For the fifteenth year, the Research and Theory Division of the Association for Educational
Communications and Technology (AECT) is sponsoring the publications of these Proceedings.
Papers published in this volume were presented at the npt5iz! AECT Convention in New Orleans,
LA. Alimited quantity of this volume were printed and sold. It is also available on microfiche
through the Educational Resources Information Clearinghouse (ERIC) system.

REFEREEING PROCESS: All research papers selected for presentation at the AECT
convention and included in this Proceedings were subjected to a rigorous blind reviewing process.
All references to author were removed from proposals before they were submitted to referees for
review. Approximately fifty percent of the manuscripts submitted for consideration were selected
for presentation at the Convention and for Publication in these Proceedings. The papers contained
in this document represent scme of the most current thinking in educationgl communications and
technology.

For the first time, a selected number of development papers, sponsored by the Division for
Instructional Development (DID), are included in this Proceedings. The most imporiant
instructional development papers were selected by the DID program chairs for publication.

This volume contains two indexes. The first is an author index; the second is a descriptor
index, The index for volumes 1-6 (1979-84) is included in the 1886 Proceedings, and the index for

volumes 7-10 is in the 1988 Proceedings.

M. R. Simonson
Editor
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Assoclation for Educational Communications
and Technclogy

What Is AECT?

AECT Iis the only notional, professional association dedicated
to the improvement of instruction ivough the effective use of
media and technology. AECT its membors in using

technology In thek Jobs and o enhance the lecrning process.

Who belongs to AECT?

Medla Speclalists

Educators

Librarlans

Instructional designers
Corporate/miiitary tralners
Learning resource specilalists
Curriculum developers

Television producers and directors
Communications spacialists
E£ducation administrators

Others who require expertise In instructional technology
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What are AECT members Invoived In?

Hypermedia

Interactive Video

CD-ROM

(o) ]

Teleconferencing

Film & video utilzation

Telecommunications

Computer software & hardware
Projection/presentation products

inteligent tutoring systems

Videodiscs

Distance fearning

1J And more!

AECT's publications, convention, trade show, and
conferences present the leading edge on research and
practical applications for these and other technologies.
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AECT History

Uniike some other speclal-interest tachnology organkzations.
AECThos a long history, with over 70 years in educational
technology. We've grown up with technology. advocating !'s
integration into education from fliims to integration Iinto
education from films to overheads to interactive video and
hypermedia.

AECT bagaon as the Department of Visual Instruction at the
National Education Association in 1923, in the days when visual
aids consisted of fiims and siides. In 1947, as educatols wete
adoptng technoiogy used to fraln World War i service
personnel for the classroom. the name of the organization
pecame the Department of Visual Instruction (DAVI). Twelve
years later, DAVI became an affiiate of the NEA and finally the
autonomous assoclation, AECT, in 1974,

Today. AECT keeps an eye on the future of instructional
technology while assisting educators with the changes and
challenges that face them now. AECT membets. now
numbering 4,500 are professionals devoted to quality
education.

They care about doing their Jobs better and want to embrace
new methods. new equipment, and new techniques that assist
learning.

Membarship in AECT Increases your effectiveness. your
expertise, and your skills. These quallties In turn enhance your
professional Image and earning potential.

AECT Affliiates

AECT has 47 state and 16 regional and national affilates. and
has recently astablished several chapters surrounding major
universities and metropoiitan areas. Thess affilated
organizations add a localized dimension to your AECT
membemhip and allow for more interaction among your
colleagues. For more detalls on chapters and affllates in your
areq, contact the AECT Natlonal Office.

AECT National Convention and InCITE
Exposition

Each year. AECT brings to, speakers to exclting locations, and
presents over 300 sassions aru special events to provide the
best training avaliable in the use of media in education and
Instruction. The convention features the INCITE Exposition, the
first trade show created exclusively for Instructional
technology products. At InCITE, you'll see computers, learning
systems, software, interactive multimedia. audiovisual
products, fims & videotapes. projectors and presentation
products, video equipment. accessories, and more. The
Convention offers tracks of sasslons focusing on specific
interest areas surrounding AECT's nine Divisions and other
special interests. The convention has featured a Hypermedia
Strand and a Total Quality Management Track. In addition.
intensive ful and half-day workshops are offered for in-depth
training on the latest technology applications for education.

Research and Theory Division (RTD) improves the
design, execution, utlization, evaluation, and dissemination of
educational technology research and theory: advises
oducators on using research results.




Do Yourself a Favar. .

JOIN AECT TODAY!

AECT hias nine speci...-interest divisions to meet your needs and address your specia! interests within the field of educational lechnology and media Each division
hubhshes 115 own newsletter and 1S devoled lo research, communicalions and publication of findings within its specially. In addilion. most divisions SpONSor 4n
awards program Your AECT membership includes one division, and you may join as many divisions as you like for $10 each.

Media Design and Production Division (MPPD) focuses on enhancing media
praduction skills and provides a ferum for inleraction among researchers,
commercial and nonconimercial media producers. and educators.

industrial Training and Education Division (ITED) is ivolved wilh designing,
plintng and niandging traning programs, and works to promote maximum
ulilizaion of educahondl tlechniques and media thal are elfective 1n practical use

Division of Interactive Systems and Computers (DISC) 1s concerned wilh
e design, development. delivery. evaluation and inlegration ol inferachive media
dtid compuler based apphcalions in education and training The Division promotes
the networking of ds members lo lacihitale shanng ol expertise and inferesls.

Division of Instructional Development (DID) siudies, evaluales. and efines
design processes. credles new models of nstruchiona; developinent, disseminates
gy, and promotes acadenuc programs

International Division (INTL) cncourages prachice and reseaich in educational
communication and dislance education for social and economic development across
national and culiwal fimes It promotes internahional exchange and sharnng of
inforniaion, and enhances prolessional and personal relationships between present
Jid tuture international leaders

Division of Educational Media Management (DEMM) creatcs quidelings on
educational media management and sponsors progranis lo enhance media
management skills. The Division stnves to resolve common problems willin the
industry and design practical solutions.

Research and Theory Division (RYD) facilitales the design, execulin.
ulilization. evaluation, and disseminalion of educalional technology reseach,
proniotes applied and theoretical research on Ihe use of educational lechnology,
and encourages the use of muitiple research paradigms in eiammmg 1ssues related
to technology in instruction

Division of Schoo! Media Specialists (DSMS) promotes communications
among school media personnel who share a comman cancern 1 (hie development.
implementation. and evalualion of schoal media prograins, and strves to ncrease
tearning and improve instruction in Ihe school setling through the ukitizahion of
educakional media and technology

Division of Telecommunications (DOT) imprwves isiruclion thiough the use
ol lefecommunicalions including telewision, radio. virkeo. and audio devices The
Dmsion 15 concerned wilh design. production, wlilizalion, and evaluahion ol
instiuchional tetecommunicalions malenals and equipment. as well as the lrdimng
and qualiications of personnel

—————————————————————— MEMBERSHIP ENROLLMENT FORM  — ~ = — — — — = — -

YES ' Liwoll me for ths memnbership calegory. dvision(s), and ophions | have selected below 1 understand that my membership will extend for 12
M months frosi the dale my payment 1s receved

1 | Regular Membership, $65 tec mcludes $12 tor Tecrends and one free
division

| i International Regular Membesship, $77 (surtace mail)

| 1 International Regular Membership, $107 (air mail)

| | Comprehensive Membership, $95 Fee includes $12 for TechTrends. $30
lot Edwaliondl Techrivlogy Research & Development, and ane free division

| I International Comprehensive Membershlp, $115 (sulace mail)

| | International Comprehensive Membership, $145 (ar mar))

| 1 Student Membership, $26° fec includes $12 forTechTrends and one free
divssion

| ¢ International Student Membership, $38° (surface niail)

| ; Comprehensive Siudent Membership, $46° Fee ncludes $12 Ior
Techlrends. $20 for Litucahional Technology Research & Development, and one
liee dision

|  International Comprehensive Student Mambership, $66° (surface mail)

f | Corporate Membership, $380 fee includes $12 for JTechTrends and one

lree divirann
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Division Memberships Please choose your one free division from list above

[0ISC  11b0T  (JRID  [1DID | )INIL

{ NTED [ JDEMM [TIMDPD [ 0SMS ¢ __ FREE
Dptions ($10 each additional Divisional affifiation)

MDISC D01 [1RTD  [30D  [JINTL

[TITED  [1DEMM [IMDPD [ 1DSMS Total extra divisions $ _

Tolal Membership$ _____ __.
Payment

[ 1My check or money order is enclosed
{ 1Charge this order to my credit card

[ |Mastercard {7 Visa
Card #

Signature

bxpues .

[ TPlegase bilt me

Name, Tifle ___

Inshilulion Phone
Address
Cily. State. Zip
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Abstract

This article describes the results of a three-month experiment. in the
use of computer-based semantic networks for curriculum development.
A team of doctoral and master's degree students developed n 1200-
item computer data base representing a tentative “domain of
competency” for a proposed MA degree in Workforce Education and
Lifelong Learning (WELL).

The team gathered descriptions of knowledge that might be relevant to
the proposed degree from state and national reports, existing course
syllnbi, textbooks, and interviews with subiect matter experts. Using
SemNet, a Macintosh-based program for constructing and analyzing
semantic networks, they explored methods for organizing these
descriptions as a “map” of related skills and ideas that would in turn
serve as a framework-for a WELL curriculum. The team explored
various methods for using domain maps to define course content, to
recommend learning activities, and to provide academic counseling to
prospective WELL students. Among the innovative methods for
condusting this experiment in curriculum development was the use of
comnputer software for synchronous conferencing which allowed tenm
membhers to collaborate in evaluating and integrating domain maps.

Curriculum development is a inajor concern at all levels of education since it
encompnsses the goals of learning, the scope and sequence of subject matter content,
the interaction of the learners with the content, and methods for nssessing the
outcomes. In recent years, curriculum development has become a much more
complex task because of the explosion of human knowledge, the increased varioty of
skills required for successful employment and citizenship, and the greater
fractiousness of political debate over content, and methods.

A stendy stream of widely-cited curriculum theorists (Tyler, 1960; Taba,
1962, Hartley, 1968; Tanner and Tanner, 1980; Doll, 198Y) have proposed criterin
that might guide decision making in the curriculum planning process. Howevaer,

b SemNet tsa trademark of the SemNet Research Group, a Californin Limited Partnership.
Mucintesh s o tradema k of the Appl: “omputer Company, Inc. Timbukta is o tradeniark
ol Furallon Computing Ine. The authurs wish to thank Barharn Allen, Carol Breckenrirpe,
und Henart Grossman for their assistance in preparing this manuseript. Orgunizatinnal
afWlintions are described for purposes of identification only; the apinims expressed in this
report, ure thoese of the authnrs and do not necessarily represent reflect the policies of
ugeneies or argnnizations cited horein, or of San Diego Stute University. Dovelopraent of
this article wan partinlly supported by a grant from the Applied Behavinral and Cognitive
Hetences, Ine with funds from the William and Flora Hewlett Frundatinn.
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curriculum development is hardly an objective or purely acientific enterprise that
follows universal principles or a predetermined planning process.

Decision making in curriculum development is a function of tradition,
historical and philosophical perspectives, social and cuitural influences, and the
political exigencies of the day. While all of these ars important to the curriculum
development process, there is a dearth of tools for systematic data gathering and
rational analysis that might inform and support the kind of collaborative decision
making that is essential for effective results. Such tools are especially needed in
educationai institutions that subscribe to contemporary theories of decentralized
authority and management.

Using Maps for Curriculum Development

Fundamentally, this report addresses the need for new tools by investigating an
experimental process for generating curriculum maps from concept maps. Since
there is great diversity in the terminology that is used to describe conceptual and
curricular structures, we begin by defining three types.

Curriculum maps are representations of the structures employed by schools
and other educational organizations as a means for assigning activities and
nllocating time intended to facilitate the development of student knowledge.

Concept maps are representations of the structure of “public” conceptual
systems, where “public” implies shared use of common terminology and language
including—but not restricted to——forums such as publicstions, lectures and other
presentations, discussions, and other formil and informal communicatiori.

Cognitive maps are representations of the internal menta! structures of
individuals that emphasize the meaning that individuals attribute to concepts;
they may be used to describe expert knewledge, to diagnuse or assess ar
individual's understanding of a knowledge domain, or to compare and contrast
differences in the conceptual systems of individuals or groups.

Curriculum Maps

Among the obstacles to systeinatic curriculum development is the problem of sifting
through large numbers of documents relevant to curriculum decisions: state and
national reports and curriculum frameworks, text books, journals, existing syllabi
and the like. Flowcharting and mapping technigues have been used for planning,
implementing and evaluating the curriculum but computers have only recently been
used to process the large amounts of information that are generated during
curriculum development.

Fenwick English (1980) proposed the technique of “curriculum mapping” as a
means of quality control. His approach emphasizes assessment of the extent to which
learning tnsks and/or learning time conform to standards delineated in a curriculum
guide, and nttempts to determine the extent to which what is actually taught is
congruent. with measures of achievement. A step-by-step guide for curriculum
mnpping can be found in Donald F. Weinstein's Administrator’s Guide to Curriculum
Muapping (1986). Curriculum mapping can be used to determine potential corrections
and improvements in school programs. Essentially, English’s use of the term
“curriculum mapping” refers to a comparison (mapping) of an idealized curricular
structure with an attempted implementation and we think, therefore, that, a better
term for the process he describes would be curriculum audit mapping. This is
consistent with English’s later work in curriculum nuditing(Engﬁuh. 1988). We
reserve the term curriculum map for each of the two structures that are being
compared: the desired/required and the actual. Our report is concerned with
methods for developing and using maps of the desired/required curriculum.

Another strategy for curriculum development and management can be found
in Warren Hathaway's (1989) use of PERT-like networks to organize the curriculum
and to manage instructional resources. PERT (Program Evaluation and Review
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Technique) charts are widely used in business and industry to plan and monitor
parallel activities in support of common goals or outcomes. They are used to alloeate
and monitor resources, to estimate completion dates, and to determine ongoing
progress. Hathaway’s contribution was to show that such techniques could he
applied to the achievement of instructional goals as well us the construction of
buildings or organization of factories.

Concept Maps

In contrast to the systems proposed by Englich and Hathaway, which are directed
towards institutionalized implementation and mansageiment, are approaches that
focus on the conceptual organization of curricula. Typical is the work of Novak and
Gowin (1984) who have demonstrated how concept mapping can be used to plan a
total curriculum as well as specific instructional activities.

Before we discuss the use of concept maps for curriculum development, let us
briefly examine the variety of concept maps and mapping strategies proposed in
literature. Concept maps demonstrate structural relationships between concepts.
Several types of structures/representations such as spatial maps (Holley and
Dansereau, 1984}, nested hierarchical maps (Miller, 1969; Johnson, 1967), graphic
maps (Anderson and Bower, 1973; Quillian, 1968; Rumelhart et al, 1972) have been
described. Preece (1978) has reviewed the research on various organizations of
concepts in these maps. Although the different types of maps reflect different
theories of semantic structure, Friendly (1977) suggested that the models were
actually quite similar in their use of propositions and semantic distance data.
Nevertheless, there are differences in the methods and conventions used to construct
concept maps. We will briefly examine three approaches described by Holley and
Dansereau (1984): networking, mapping, and schematizing.

Holley and Dansereau argue that networking is a fundamental tool for
acquiring and developing individual knowledge. During acquisition, the student
identifies important concepts or ideas in the material and represents their inter-
relationships and structure in the forni of a network map. Students are taught a set
of named links that can be used to ¢ode relationships between ideas. The networking
process emphasizen the identification and representation of (1) hierarchies, (2) chains
of logic, (3) clusters. An example of a network is shown in Figure 1.

Mapping is another technique used to represent knowledge. Several
researchers have investigated concept mapping strategies. An elementary approach
to mapping proposed by Hauf (1971) involves placing the central idea of a passage
near the middle of a note page and attaching the subsidiary idens in a concentric
fashion, thus producing a product resembling a rond map. According to Holley and
Dansereau, mapping requires a st of relational conventions or symbols. In their
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ERIC

Aruitoxt provided by Eic:

¢ incision (sharp culting instrument)
¢ abrasion (scraping or rubbing)

* puncture-stab (nail, bullet)

¢ laceration (blunt instrument)

Figure 1.

research, they provided students with symbols depicting seven fundamental

Y

may occur in any
combination

Discussion 'Y
of wounds

blood and
serum form
fibrin network

(scab)

Epithelial cells }
grow in from

edpes

wound healing

process of

scar tissue
is weak

take steps to
minimize scars

fibroplasia contraction
phase phase
granulation tissues smail
(fibroblasts and blood
small blood vessels)] || vessels
grow along fibrin ||| disappear
network and and scar
gradually absorb it shrinks

[ tissue continuity ]

Example of a network of a chapter from a nursing textbook (from Holley
and Dansereau, 1984).

relatiorships:

1.
. Bis a property of A;

-2 O G o W N

B is an instance of A,
. Aissimilar to B;
. Aoccurs before B,

. A causes B; and
. A is the negation of B.

. Alis greater than or less than B;

An example of a concept map developed by Stewart, Van Kirk, & Rowell

(cited in Holloy and Dansereau, 1984) is shown in Figure 3. For a review of

relational descriptors see Allen and Hoffman (in press).
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/ Energy Flow

First Law of Second Law of
‘Thermodynaniics Thermodynamics
Respiration Pyramid of Energy
‘Trophic Level Food Webs

Niche \
Food Chairs

Producer Consumer Deconiposer
Grinnel's California y -
i iforn Corn Corn borer Fungi
Thrasher

Figure 2, A general concept map for ecology (from Stewart, Van Kirk, & Rowell,
1979 in Holley and Dansereau, 1984, page 238).

Navitk and Gowin (1984) draw maps by linking concepts with relations
derived from the toxt rather than using a specific set of relations. These relations are
known as propositions, (Hauf, and Novak and Gowin actually use the verb “concept
nmpping" fur their techniques. However, as noted earlier, we propose to use “concept
map” as a noun to describe n much more inclusive set of conceptual representations.)

Another technique for knowledge representation described by Holley and
Dansereau is called schematizing involves labeling and clustering concepts and
depicting relationships between concepts by lines that are annotated to reflect the
seven types of relationships. 'T'he general process for schematizing is represented in

Figure 3.
coneepts - lahels \

scheninization

text

relattonships & Lrelntionship symbals

Figure 3. An example of schematization (after Holloy & Dansereau, 1989).

The principal difference between networking and mapping appears to be that,
mapping emphasizes locnl organization rather than nbstraction of an overall
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framowork or scthema, and that it employs spatial representations of relationships
rather than labeled relutionships. Schematization is similar to networking and
different. from mapping in that it uses annotated lines to represent relationships
between concepts and it emphasizes the extraction of an overall framework or
mncrostructure. It is different from networking in the types of relations depicted, the
method of annotation used, and the organizational structure of the resulting
diagramas. The differences between these mapping strategies are superficial; they are
more similar than different. We have used “mapping” in the titie of this report in
lieu of “networking” in order to avoid confusion with the use of electronic
communication networks and profeasional networks.

Networking, mapping, and schematizing have been applied directly or
adapted and modified to initiate various cognitive processes and achieve various
learning outcomes. Concept inaps help learners to extract meaning from written and
oral communication. They have been used extensively to promote meaningful
learning. Since curriculum devalonment is » mulki-faceied enterprise, the
advantages of concept inaps for curriculum development can be better appreciated if
we examine the characteristics of concept maps that make suitable suitable for a
variety of applications.

Applications of Concept Maps

Concept maps have been used for understanding text. The process of understanding
text can be thought of as a transforination of sequences of words, sentences, and
paragraphs into a coherent conceptual structure: synthesized knowledge. Carl
Frederiksen (1975) presents a network model of logical and semantic structures from
which speakers and writers generate linguistic messages at the discourse level. Book
webbing is an extension of the use of concept maps for trensforming text into spatial
representations. Virginia Nordstrom and Victoria Clayton (1988) suggest the use of
a form of concept maps to integrate multicultural children's literature into the
curriculum. Book wehbing uses children’s literature to develop a study of one book;
the works of n particular author or illustrator; a genre of books, such as poetry; or a
topic, such an travel or magic. From the web's core based on a spacific work of
children's literature, the instructional possibilities of the book spin out in strands. As
the plan develops, opportunities emerge to individaalize instruction to meet the
needs of ench student's learning style and interest.

Concept maps have also been successfully used as advance organizers.
Willerman and Harg (1991) conducted an experiment to determine if the use of
coheopt maps es ndvance organizers improved the science achievement of eighth-
grade students. They found that a concept map provided teachers with a meaningful
und practical structured approach for introducing advance organizers in the class. In
their study, a concept map developed by teachers was used as an advance organizer
and was presented to students ns.a visual tool for organizing content. Willerman and
Harg felt that the students were helped by the organization and visual relationships
of the ndvance organizer in ways that are more effactive than the assistance provided
hy a prose paunge or an oral explanation. The concept map assisted the teacher in
doscribing the relationships hetween important ideas and learners’ knowledge.

Concept maps have been used ns a guide to develop hypermedin applications.
Authors need a way of repreaenting knowledge structures so that: (a) they know the
relationships between concepts and therefors do not inake unwarranted loaps or
linkages hetween them; and (b) end-uners can see, at & global level, the
interrolationships between concepts. If end-users can see the overall map of
knowledge; then they can mnke informed cholces nbout the order and sequence of
learning Gindividunlizing), nnd at the snme time check that their sequence is coherent
with, more getiornl understandingn. Designers often resort to some form of mapping
to atalyre the content nnd sequence of inatruction. Btudents in the Department of
Eduentional Technology wt Suh Diego Btats University aleo use n computer-based
somintic nstwurk hmrtu niag out coneepts and reintions in a particular knowledge
dymain. Figure 4 is an example of a semantio network used to analyre content for a
hiochemistry lnhirntary cuurse.
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Figure 4.  An example of a semantic network used to analyze content for a
multimedia course on biochemistry. The display is from a SemNet
file. Clicking on the P, T, or S tabs activates supplementary fields for
pictures, text, or synonyms (from Allen & Hoffman, in press).

Cognitive Maps

Cognitive maps may be described as representations of an individual’s knowledge.
Learning occurs when students link new concepts into more comprehensive
structures and patterns, Each learner’s associative patterns are unique and it may
be useful to examine them in terms of the concepts the learners emphasize, the
relations that link the concepts, and the strengths of these links. One study in this
area was conducted by Kathleen Fisher (1989) who analyzed biology nets built by her
students and obtained insights into the students’ cognitive abilities that would have
been difficult with conventional assessment methodology. Comprehensive essay
questions do yield some information about tha students’ understanding of the subject
matter; however, analysis is problematical.

Cognitive maps are also an excellent tool for representing the
teacher's/expert’s knowledge. According to Shulman (1986), teachers need both
content knowledge and pedagogical expertise. The types of content knowledge they
require can be broken into three categories:

® subject-matter content knowledge:;
® subject-matter pedagogical knowledge;

® curricular knowledge.

All three types of knowledge can be analyzed and synthesized using concept
maps. In developing subject matter content, tenchers must go beyond the facts and
concepts in a domain to consider patterns that reflect the substantive and syntactic
structures of knowledge. These patterns help the teacher to ronvey the concepts in
the domain. Perhaps even more important, they help the teacher to explain why a
particular concept is worth knowing and how it relates to theoretical and practical
issues both within the discipline and without. In the category of subject-matter
pedagogical knowledge, Shulman includes useful forms of representation such as
illustrations, analogies, examples, demonstrations, ete. These can be mapped
preacriptively using relational descriptors that specify causal relationships between
required learning outcomes and recommended trategivs. The third eategory,
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curricular knowledge, is knowledge of the full range of programs, materials, and
facilities available for teaching different concepts at various levels.

Shulman’s categorization of a teacher's knowledge lends itself to an
explanation of our method. The characteristics of concept maps that have been
exploited for other applications can be brought to bear in rationalizing the curriculum
design process. Concept maps can be used to show concepts and relations explicitly
for subject-matter content analysis. Pedagogical strategies can be incorporated into
the concept maps. Time and task allocations can be made. On the other hand, the
curriculum designers and experts can incorporate their cognitive structures also into
these maps. Thus curriculum developers can create what we will call integrated
curriculum knowledge maps to first input the knowledge base, then reorganize it to
suit the instructional objectives and finally extract a curriculum that can be justified.
These integrated naps can be successfully used by curriculum developers to organize,
analyze, and synthesize the information.

Integrated Curriculum Knowledge Maps

In previous sections, we have discussed three approaches to mapping knowledge:
curricular maps are concerned with knowledge as it is represented by institutions for
the convenience of educational delivery systems; concept maps are concerned with
knowledge ns it is publicly represented by a community that specializes in a
particular knowledge domain; and cognitive maps are concerned with knowledge as it
is represented in the minds of individuals. There are, of course, overlaps. For
example, the creation and interpretation of concepi maps is obviously influenced by
the unique cognitive structures of individuals who author the maps. On the other
hand, the assessment or diagnoses of individual student understanding through
cognitive maps can be influenced by the concept maps used to represent the
“knowledge domain.”

This report is concerned with another type of overlap, or rather derivation:
the develapment of curricular maps from concept maps. Although the use of concept
maps for curriculum development is not new, the representation of large amounts of
information in the form of a map that is suited for navigation, psrusal, and
processing is a new type of software engineering problem. Knowledge representation
is one the of the central issues in knowledge engineering, a rapidly advancing field
that offers many techniques (including concept mapping) with potential relevance to
curriculum development (for n review, see Tuthill, 1990). However, to be practical for
use in curriculum development, we believe such techniques must be brought to the
level of “desktop computing” i.e., usable by professional educators, administrators,
and other lenders whose primary expertise is not computer programming or
information processing.

Tools for computer-based cucriculum development must effectively support
elicitation and organization of relevant knowludge from a variety of sources including
reports, books, subject-matter experts, tenchers and administrators. Such tools must
also support analysis of relationships between curricular elements such as
competencies and learning activities and the synthesis of structures familiar to
educational institutions: courses prerequisites, schoduled clans sessions, etc. They
need to be supportive of collahorative work, opan to modification and they must have
a “learning curve” that does not impose an unnecessury burden on development
specinlists.

Such tools have only recently become commercially availuble in the form of
computer-based graphical mapping tools which represent comples rolntional dutn ns
n-dimensional networks. One example, used extensively in thia study, is SemNet
developed by the SemNet Research Group (1991). SemNet nerven uw o framowork for
modeling human semantic memory~described by Tulving (1872) as "a montal
thesaurus, organized knowledge a person possesses nhout. words sl other verhal
symbols, their meaning and referents, about relutions nmaony them, and ahout rulas,
formulas, and algorithms for the manipulation of thene symbols, eomespsts, ml
relations.” Although cognitive psychologists hiave propasel suveral sther tvpes of
memory, semantic memory is widely seon an crucial (o the wegquisition, processing,
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and retrieval of verbal knowledge and therefore central to learning, especially in
school-like settings.

Semantic memory has been known to be associative since the time of
Aristotle. However, it is only in the last two decades that associative memory has
taken a firm hold with those interested in modeling human memory or providing
working memories for “intelligent” computer programs. Semantic networks typically
organize knowledge in terms of two types of elements: concepts and relations.
Concepts are not easily defined but include a wide variety of entities such as ideas,
objacts, notions, beliefs, events, features, properties and states. For the purposes of
this project, a concept represents anything that can be assigned an identity. New
concepts are defined by relating them to pre-existing concepts.

SemNet uses object-nriented programming and the Macintosh graphical
interfuce to display labeled nodes (referred to as “concepts”) and labeled arrow-links
(called “relations”). Node-link-node sequences are called “instances.” It can be used
to represent a wide variety of domains to the extent that they can be represented as
semantic networks or propositional networks. In typical browsing maneuvers, users
sce i central node connected to its immediate “satellites” (see Figure B). Clicking on
n satellite node “moves” the frame so that the satellite assumes the center position
thus revealing its satellites. In the process, the visible label for asymmetrical links
will change. For example “formative evaluation—ISA—> evaluation” becomes
“evaluation—is a kind of-—> formative evaluation.”

Moving through a sequence of alternating nodes and links generates a “path”
which can be circuitous, that is & path that entails a single node several times. ('This
results when the user visits the same concept repeatedly.) Users can also move
quickly and intuitively through large nets by selecting iteis in indexes, or by
invoking utility commands such as “jump” and “replay path.”

Easily-used commands afford several techniques for creating and modifying
canngctions; experienced users can construct nets at rates exceeding several
instances per minute if they are clear about how to organize their ideas. Users can
nssign graphics and short text passages to nodes and links (and in future versions
will be able to assign video and audio segments to nodes). They can also export
graphics and ASCII text representing indexes or net contents and subsets thereof.

The program provides a variety of metrics about the size and complexity of a
net and uses these to assemble various types of summaries and overviews. Almost
anyone who browses through a SemnNet expresses interest in viewing “the whole net.”
Thin har proven problematical since SemNets are n-dimensional structures that
cannot susily be visualized in two dimensions. But the problem has been nddressed
by spocial displays.
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Figure 5.  Concept map from a course on instructional design (from Allen &
Hoffman, in press).

For example, measures of the “embeddedness” of concepts are used to
generate a “knowledge core” in which the most embedded nodes are laid out in rows
and connected by crisscrossed lines (see Figure 6). Other utilities let users see the
shortest paih between two nodes, or traverse the net viewing only node-and-satellite
friunes that meet user-established criteria,

Because SentNet uses a flexible, 1nulti-dimeasional graphic mapping strategy,
it can be used for integrated representations of curricular maps, concept maps, and
cognitive maps, aad it can be used to derive structures in one map from structures in
another. The experiments described here focus on deriving curriculum maps from
concept maps. It is also possible to use SemiNet to explore relationships between
concept maps and curriculum maps one hand and individual cognitive maps on the
other, hut this in a subject for another report.

Development of an Integrated Curriculum Knowlenge Map

To explore the possibilities of integrated curriculum mapping, a team of students
drawn primarily irom the SDSU-Claremont Graduate School Joint Doctoral Program
in Multi-Cultural Education assemhled under the direction of Dr. Brock Allen at San
Diggo State University. The framework for their efforts was provided by Dr, Thomas
Sticht, President of Applied Behavioral and Cognitive Sciences. Dr. Sticht is
developing a design for a model degree in Workforce Education and Life-long
Learning.

The proposed WELL degree program will be aimed at producing educators
capable of delivering basic knowledge and skills required for the wo: kplace of the
future. WELL Specialists are to organize and implement programs for the
cducationally underserved. This population includes high school dropouts, those
with inadequate literncy skills for acquiring or maintaining a job, or those with jobs
who are immobilized by tho Iack of such skills.
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processes by identifying patterns in the raw data, unencumbered by categorization
impused by data sources.

An experimental process was adopted to accomplish the team’s goals. This
process was modifind and refined during the course of the project, and from the
team's experience we have extracted an idealized six-step model (Figure 7).

Process Deseription

The projuct began with a review of the social and political impetus for the
model program, along with pertinent rasearch. Three sub-committees were
estnblished to catelog descriptions of the knowledge WELL Specialists would need,
foeusing in three avens: cognitive foundations of education, educational arts and
technologies, and human and eultural resources. Each sub-committee used SemNet
10 entn Lnnwlmlgn descriptors into a domain-specific subnet.

The three subnets were then combined so the entire team could collaborate to
it the main net and explore strategies for generating useful information from the
net. Divergent terminology in both knowledge descriptions and the relations that are
wsed to link them were reconcilod as the subnets were combined into the main net.
Merying was accomplished by manually reentering the subneta into a main net.

More efficient merging capabilitics have since beon added to the SemNet program.

A Macintosh computer lab with an LCD overhead projector enabled team
members to work together und to share nets and net-building techniques. Timbuktu
(Killen et al, 1900) software allowed multiple users to control the activity of a single
host computer. Outside the lab, traditional methods of file sharing, namely, floppy
disk swapping and exchanging files via modem, were utilized.

1. Gather Relevant Deseriptions of Knowledge

In the first step, subcommittecs used SemNet to catalog knowledge descriptors
gleaned from a variety of sources including reports, textbooks, subject matter experts,
and existing course syllabi. For the purposes of this study we define a knowledge
descriptor as a lahel for a concypt or skill (or sets thereof) which may be of value to
WELL Specinlista in their professional practice.

2. Construct Hierarchical Links betwzen Knowledge
Descriptors

In the second step, hierarchical relations were used to represent the topical
structures of the various source documents. This permitted efficient input of
typically hierarchical sources such as reports, textbocks and course syllabi. It also
vnabled later extraction of the hierarchical structures in outline form using a SemNet
hierarchical outline utility.

Hierarchical structures were entered prior to heterarchical ones when
representing a given document. Consensus for this strategy emerged from divergent
npproaches taken by different subcommittees. One committee entered hierarchical
and heterarchical relations concurrently. An instance eritered with a heterarchical
relution was not necessarily entered again with a hierarchical relation. This
precluded later oxtraction of the entire document outline using hierarchical relations.

A second committee its work by cataloging knowledge descriptors from course
sylahi, using only hierarchical relations at first. Later they used heterarchical
relativns to “eross-link” the knowledge the knowledge descriptors. The hierarchical
structure reflected in the original source documents thereby remained intact and
could be extracted even after extensive heterarchical cross-linking (Figure 8).
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Altach Activihios
and Alocate
lasowrcas

Y _ -

Salucl andfor Sequance
Cunrsa Davakopman)
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Figure 7. Anidenlized six-step model for using a computer-based sesmantie
network program to construct an integrated curriculum maps.

3. Construct Heterarchical Links between Knowledge
Descriptors

The third step employed heterarchical relations, such as causal and procedural
relationships, to crogs-link the knowledge descriptors within and among documents
(Figure ) This step was carried out initially in the subnets and then again after
the nets were merged into the main net.

The strategy for interconnecting nodes is one way to counteract the effect of
top-down hins stemmming from prior categorization imposed by the original authors of
the descriptions of knowledge. The various syllahi, documents, and material from
suhject matter experts all eame f-amed in their own eategorical structures, The
interconnect process was designed so that, hopefully, natural centers of gravity would
emerge from the mass of knowledge deseriptors in the main net itself, rather than
from these prior eategorical structures To uccomplish this, the teams first attended
to those concepta that were least enthedded or hinked to other concepts in the net It
wng assimed that later, once these simple units had beeu linked into compound
structurus, new patterns might hecome evident.

SemNet sereens list concepts by the number of hranches, by embeddedness,
und in alphabetical order Studyg the list of concepts arranged in erder of the
number of branches or links 10 other cancepts can help the curricalum developer pet

— e s

educational technalopy
cltec 700 cogn S anst desipn
edlec 700 cogn inst topes
cultural difterences
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meaning-based knowl.

represent.

scientific problem
snlving

designing transfer of
expertise

perception
perception-based knowl.
repres
elaboration and
interference
memory processes
sematic networks
neural basis of cognition
thinking and reasoning
military training
progring
gert soe found. of education
sncinl influences of education
political influen. of ed. proc.
educational reform
tenure
teacher competency testing

Figure B, 'The first portion of an outline generated by SemNet beginning on the
node "Educational Technology” and based on the relation “has topic.”
Although many of these nodes have been extensively cross-linked to
ather parts of the net, the hierarchical structures of the original course
syllabi have besn extracted by isolating concepts linked by the “has
topic” relationship. Limitations on the size of labels for concepts in
SemNet necessitated abbreviation of knowledge descriptors.

Gl

- pait ol
perception
rl,clrner charsctesistics (adult)e
tewolhved
AN AP ARANAAI AR AASAAR - db
spread of sctivation nkiaditi ogniitio

Figure 9. An example of o moderately-connected or "componnd” coneept.,
“Recognition” s inked in a variety of ways to other nodes within the
curriculum net.

a sense of what might be the more important concepts (Figure 10). If a concept is
important, or central, to a domain, it is presumed to have many direct connections to
other concepts.

Listing concepts in order of embeddedness offers further evidence of
centrality or importance. For example, if s concept has three related concepts, but
each of those three concepts iverage, sity, three related concepts each, then the
original eoncept. is said to have an embeddedness of 3 x 3 + 3 = 12
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Lists of concepts in creation and alphabetical orders were used smors as net
editing tools than as analytical tools. Creation order enabled later identification of
separate documents represented within the net. Team members inserted marker
nodes hetween documents to help in later distinguishing the sources of varfous
competencies. Alphabetical order helped search for specific compotencien during the
cross-linking process.

Concepts by Numbaer of Instances 1208 items
46 WELL Specialist 114
31 SDSU Learning Activities 87
27 literacy 176
26 Literacy Delivery Bystem 16
21 problem solving 140
19 multiceltural paradigm ¢ii]
19 administration 108
18 cognition 128
17 action resenrch 146
16 thinking and reasoning 130
16 te 423 instructional topirs 44
16 edtec 700 cogn. inst. topies 72
16 perception LR
16 restructunng 72

1 learmng environment 12
1 content expertise 19
1 basic education (non-school) P
1 Labor's Perception B
1 articulate educative needs (]
1 inferential study 1

1 battom-up processing :

1 equipment 14
1 slccess 12
1 tools for representation 3
1 speaking 12

Figure 10, The beginning and end portions of the list of concepts i ovder of the
number of branches or instances. The heading indicates that the net
consists of 1248 items ur nodes The number to the left of each line of
the list is the number of direet links or branches hetween the Hsted
node and other nodes in the net. 'The number to the vight fndicates
"emheddedness,” which adds to the number of direet branches the
number of the branches' hranches.

Cruss-linking of the subnets was carvied out within subcommittees using n
single computer and the print-outs described abeve, Alter merging the subnets, a
somewhat different strategy was employed to crogs-link within the main net, 'T'his
toak place in the computer lah, where each subcommittee had aceess to two or three
computers. One computer in each subcommitiee provided nceess to the master net
through Trmbuktu (Killen et al, 1990). Since only one computer conbd aetyally
control the master net at any given fune, a token was rolated among the
subcommitters so that all wonld know where on-line editingg netivity was taking
place.

"The token was passed between subcommittees about every ton minutes or it
w natural break in activity. During the twenty minutes or so when the token was
elaewhere, ench subcummittee identified those nodes in their net thet could be linked
to other concepts in the master net o aid in identifying potentinl links, o seconid
camputer in each subcommittea contained an off-line copy of the magter net as n
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reference and a third computer contained a reference copy of the subcommittee’s
subnet. The subcommittees nlso used various printed lists of concepts derived by
using using SemNet's “traverse” utility.

Typically, while a subcommittee was “off-line,” its members worked with a
list of concepts arranged in order of the number of branches. They worked from the
bottom of the list, beginning with the least-connected concepts. Taking each in turn,
they scanned the alphabetized list of concepts from the master net to identify several
possible links. For example, the concept “school restructuring” seemed to be related
to the concepts “educational reforn.” and “organizational change” that had been
entered hy other subcommittess.

In order to check the tnezning of all three concepts, the subcommittee
“jamped” to each in turn ei the off-line copy of the master net. They discovered that,
indeed, the concept. “restructuring” appeared to be related to the more inclusive
concept. “educational reform,” basad on the contextual links of the latter. A note was
made to link them. However, the concept "organizational change,” seemed to have a
very specific contoxt having to de with workplace issues, and a link was thought
inappropriate. As other concepts werve found to have important or interesting
connectfons in the master not, the subcommittee kept notes until the token arrived.
They then took contral of the on-line master net, and entered their changes. Concept
hy concept, the ideas became gradually more interrelated and embedded in the
muaster net. On oceasion there was doubt concerning the existence or meaning of a
concept and the subcommittees would instigate oral communications in an effort to
clarify or resolve differences.

After linking these stmple concepts from the three original subnets into
meaningful clusters or “compound concepts,” the subcommittees turned to making
links hetween the compound concepts. (Many of these had been formed earlier
during development of the separate subnets,) Linking compound concepts produced
highly emhedded nodes that seemed to function as centers of “conceptuanl gravity”
{(Figure 11). The process of linking compound level nodes waas conducted in the
same fashion as that for linking simple nodes.

It should be noted that the student participants in this process were not
suhject matter experts in adult education or educational psychology and therefore the
representations in Figures 11 and 12 are perhaps a bit naive. Our concern in this
study wns primarily with the process of curricu‘mn development rather than content.
pur se.

4. Establish “Course Development Nodes” and Attach Highly
Embedded Nodes

In this step, teams developed structures for potential courses in the masters
degree program. OF some 1,200 concepty, the master net yielded 48 with ten or more
direct links to other concepts. Examination of the 48 nodes revealed that many eould
be thought of us central concepts in a master's degree program. Although time was
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L peyeh tndins fr teachin s Jtac 700 cogn. Inst. toples
626 Instructional topica

I learning processea !

involved in

entry of Info In STM } |

interaction with ext. world
sttention

recognition

auditory context recognition
visusl conteat recognition
visuslizatior

info rep. as vrying act. of neu
feature extraction

selection of meaning

apeech recognition

Figure 11, An example of a highly embedded node. “Perception” is connected to o
number of other nodes with a variety of relations. Those nodes listed in
hold type have additional connections to other nodes, which may be
displayed hy double-clicking on them. The number of branches from
“perception” would identify it as n potentially important concept for
subsumption under a “course” node.

limited, the team experimented with creating a three-unit course and in less than an
haur of discussion, they identified nearly a dozen thematic concepts that could be
subsumed under o node they called "foundations of psychologica! development,”
(Figure 13) including such themes as “perception” and “cognitive development.”
This subsumption node was suggested as o tentative basis for a course or series of
courses within the proposed degree program. This node was developed in a period of
three hours by students without extensive expertise in psychology. Therefore it is
illustrative of the course development process and cannot be considered as a
recommendation for nctunl conrse content. However, it could serve as a rough
frnmework for further discussion with content experts.

5. Attach Activities and Allocate Resources

The next step wan to link various course themes to n hattery of suggested learning
nctivities. For example, o thume denling with visual phenomenon might rely on
texthooks, demonstrations, computer nided instruction, and laboratory activities. By
identifying trenda in learning netivities that imight be appropriate to the mix of
subject matter projectad for the progriom, alloeation of tacibities and resources would
he fucilitated.
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{ Wit spedialist masters prograr}

coutse ol

ﬂicE fndins fr teaching pppb

HASA (thama)

action of kinow, with processing | perception

cognition potentisl peak performersf
edtec 700 cogn. inst. tapics problem solving

learner characteristics thinking and reasoning
motivation |ralninlland cogtition

Figure 12,  Psychological foundations for teaching “potentinl peak performers” was
established as # subsumption node and then linked to a number of
themes, including "perception” (see Figure 11).

8. Belect and/or Bequence Course Development Nodes

A number of proposals for using the main net were generated. In addition to course
and syllabus compilation and resource nllocation, both mentioned above, the net
coitld he used hy counselors anid students Lo develop an individualized conrse of
study 1t coubd alws b used Lo help prospective students make course selection
decisions

Uulnj the lntgm'nted Curriculum Knowledge Map: A Scenario

With the completion of the six-step process, the main net could he considered by vur
definition to be an integrated curriculum knowledge map since it incorporated
structures that represented concept mapping (clusters of knowledge descriptors) as
well as curriculum mupping (a course and clusters of course activities). To further
explore the bnplications of the intagratad map as & framework for the propozed
WELL program, each of the teum members worked with us to construct a scenario
that addressed some practical problem in course development or individualized
learning. Included here, in edited form, is one of these scenarios; it should be
considered tentative and exploratory.

Rehbeca Kvederis, who directa career counseling services at Palomar
Community College in California, describes how the integrated curriculum
knowledge map could be used to counsel prospective WELL Specialists on the
suitability of the master's degree program for their needs, capabilities, and interests.
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She also examines the possibilities that the map offers for gaiding individunlized
study plans.

Using Integrated Curriculum Knowledge Mups in Avndemise Connseling
Developed with Rebecca Kvederis

The ensence of all counseling relationships, whethu firenseid on personal, neademic,
or career issues, {5 to help the client "cope eflectively with an tmpartant problem or
concern, to develop plane and make importapt decisions to hirbng uhout a desired
future, to acquire information shout nn‘f and volsvant aspects of the envirenment,
and to explore and consider options availuble” (Einenherg & Delaney, 1077, p. 3).
College academic counseling is a process in which an neademic counselor assists o
student, or prospective student, in planning a program of s! wilies. Counseling
involves consideration of the current skilis of the student (throngh purtfolio review,
aseessment teat acores, ete.), the interests of the student in terma af career and major
gonls, and the selection of coursea from among thase available to meet degree
requirements.

Academic counseling is rarely n one-time evart. College students vequest
counseling as a means of gaining preliminary information abiout the options available
to them prior to engaging in educational planning. Thus, the initinl stage in this
interaction is exploration and information gathering, leading eventually to the
development of an educational plan. A pian may he retained or it may be rejectend,
often several plans are “tried on for size” before one is committed iv

Once an educational plan is written by the counselor il secepted hy the
student, it is implemented. Implementation of the plan tembarking on the course of
study) leads to new experiences and interests that may result in further revision of
the plan.

If the educutional plan is o dynamic pracess, so is the counseling interoction
that produces it The counselor descrihes the requirements and the various eptions
to the student and gauges the individual's interest hased on verbal tand non-vierhal)
responses. Certain patterns and tendencies are noted in terms uf the student’s
interests. These interest patterns influence the suggestions made hy the sounselor o
the student regarding course selection.

The process of academic counseling aid educational planning is Hnifted hy
the availahle counseling tools, all of which are sequentinl uond bineay entulogs,
evaluation forms, und checkliats af requirements ‘These encomage students to be
passive in the counseling interaction since they estabilish an expeetation that an
authoritative list of requirements will ho "given™ to the student by the counselor, wath
little input from the recipient. A tool that moves nway fram the traditional,
sequential presentation of information nnd incorparates the featines of hyprrmedin
would not only offer a more aceurate 1epresentation of reabty bt wouhi tacihtate
this dynamic process. SemNot is such a fool

SemNet Tacilitates representation of varions educationnl domaing Nodes
represents clusters of skill or competencies  “Subsumption nodes” ean he used 1o
collect these vodes into traditional course siriictures and to assign leaming activiies
to such structures. SemNet aflords flexible representations curriculag aptons
“traverging” the net, the connselor ind stndent can see and then select the courses or
learning activities that would Fncilitate development of the needed competencies.

Using SemNet 1n coimgeling has other potential benefits. A student wha is
more actively involved in the educational planning process, who 1s taught to use the
net to explore other options on hisher own, is more likely to see himhervelf as
responsible for and capable of planning an educational program. Alsu, the net may
funiction as a sort, of jab aid for the counselor, cueing them to mention spectfic details
related to the node under cansilderation.

The folluwing 1s s hypothetical cnse study constructed to show how SemNet
would be used in an academie connseling interaction with the goal of designing o
course of study for a graduate student entering the proposed Workforce, Fducation,
and Life-Long Learning Specihist masters degree program.
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This WELL acadamic counaelor in mesting with José Luna, a third-grade
tencher fur the past fifteen years in the Ban Marcos School District. Mr. Luna desires
i new professions) challenge and wants to work with adults. He bsiieves that his
hilingual skills will make him especially valuable as an instructor in the district's
mlnlrmhmnt fun program. His gonl in to become a program supervisor and he is
eapecinlly intorested in a position that would allow him to eontinue a small research
projeet he bagan several yenrs ago which looks at parental attitudes and the
conneetion to children's learning succeases among the Hiapanic population. His
resenrch itlons stem from the theoretical concepts he learned as un undergraduate
paychotogy ajor and Mexican-American Studies minor,

'l‘wu initin) appointment is scheduled to begin the dialogue between counselor
md client and to discuss available opportunities. The counselor and client would
view the WELL Specinlist net together, using the “traverss” function—beginning
with some of the basic knowledge domaine and moving from the general to the more
specific. Of the 60 most mnbedged nodes in the WELL integrated curriculum map,
Luna will select 33 that are mont closely related to his goals,

As i node representing a skill or knowledge descriptor is discussed in terms
of Mr, Lunn's existing skills anid profeasional objectives, an accompanying text field
would display the “mnrket demand indieators grid” that is consulted Lo determine the
intportance of the partientar knowledge deseript