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Abstract

This paper describes a joint research project using expert system and
cognitive mapping techniques to represent basic knowledge of sexually
transmitted diseases in college populations. A prototype software system
is described: _

1) to aid experts and novices in the construction of a knowledge base for
infectious diseases, and

2) to aid and advise the novice towards understanding the complex field of
infectious diseases.

Paradigms are combined from three distinct fields of study: from cognitive

science, to identify, analyze and organize the domain specific knowledge,

from artificial intelligence to develep an automated tutoring system for

construction of the knowledge base, and from software engineering to

_develop a well-designed modular tool set.

Subject Categories: expert systems, knowledge representation, knowledge bases,

knowledge acquisition, cognitive science, problem solving,
intelligent tutoring, intelligent interfaces, general software
engineering.
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The threat of AIDS is widely recognized as an important educational problem because no remedy
has been found to effectively control its spead throughout society. Of particular interest is the college
age population which has the highest incidence of AIDS in the United States. Although medical and
health education nno».nmmmonﬁw have made m.omoam efforts to distinguish fact from myth, we are not o
aware of any intelligent software that has been developed to disseminate the critical knowledge |
relevant to this worldwide epidemic. Since sexually transmitted diseases (STD's) as a group and
AIDS in particular are a personal problem which few people feel comfortable discussing. Use of the
computer can provide an opportunity for leamning about STD's while Hmcu.mm anonymous interaction
with an intelligent system.

The principle focus of the research mown:c& here is in three subdomains of Al, namely (1) y B
knowledge representation, (2) learning, E&‘ 9, problem solving, with application to the

identification, control and treatment of STD's. Fundamental Al issues which we address are:

1. The effective extraction, representation and modification of
expert/novice medical knowledge

2. The development of a computer system to facilitate growth and
learning in the knowledge base

3. The problem solving techniques used by learners to apply this
knowledge base within the context of real world needs for infectious

disease control.



Thus our overall goal is to use the knowledge and experience acquired through the swuy vr uiv
above issues to develop, evaluate and effectively employ an intelligent tutoring system to educate
coﬂegc age populations about STD's.

This paper describes Apxior work in artiﬁci';al intclligéncc, concepts maps as a knowledge base
respresentation, and software tools for the graphical representation and intelligent construction of

concept maps. Finally we consider an intelligent tutoring system for STD's using the concept map

knowledge base.

I Artificial Intelligence and Knowledge Representation

Al has achieved much in its brief history, especially in the development of cost-cffective expert
systems with diverse applications. Some examples are MYCIN for medical diagnosis and therapy with
its generalization to EMYCIN, DENDRAL for the analysis of unknown chemical structures, and its
extension to Meta-DENDRAL, and RI for VAX system configuration. However, as E.A, Feigenbaum
has often stated (1983), “the “bottleneck" which remains, is the transfer of domain-specialist or expert
knowledge to machine.*” |

Considerable effort has been cxpcndc& éoWards study in the area of cognitive skills, their
acquisition, and their modelling with such systems as GPS (Newell and Simon, 1972), EPAM
(Feigenbaum and Simon, 1962), HAM (Anderson and Bower, 1973) and ACT (Anderson, 1976), but
the principle problems remain: (1) What is advice (expert knowledge) and how should it be
represented, (2) How can advice be most effectively translated into executable procedures, and (3)
How can previous erroncous behavior be modified and corrected.

It has been determined that there are essentially three stages of slqll acquisition: encoding,
proceduralization and composition. Yet the encoding, collating, organization, storage and retrieval of
expert knowledge continuously perplexes those who study it; for it tends not to be constructed in a
formal top-down manner, involves non-linear representational schemata, and is pattern-based.

Experts seem to be able to perform cognitive leaps based upon acquired know-how or intuition.

This enables them to draw upon heuristics which are not within the reach of novices, even when



(hese novices attempt problem solving by text book methods. However, it is accepted that expens
also tend to be poor in articulating precisely just how they are able to solve difficult problems within

their domains of expertise.

II Concept Mapé as Khowlédge Rep reésentation

Research in knowledge representation has come from three distinct fields: Al, linquistics, and
cognitive psychology. Work in the area of linquistics provides our work with the basic premise that
knowledge is made up of concepts plus their relations to other concepts and that these relations can be
reduced to a relatively small set. |

Artificial intelligence currently maintains as one of its central problems the representation of
knowledge. One approach has been to combine small subsets of knowledge into larger complex
networks connected by relations. The resulting representations of knowledge can be viewed as
semantic networks: collections of concepts multiply-connected in complex networks.

Quite a few researchers in cognitive science have adopted the methods described above to help
illustrate thinking and leaming' and have had g;ﬁdc_rlts and researchers construct concept maps of their
work in various disciplines. |

We approach our study via a graphical lmowledgi: representation methodology which is at present
being successfully applied to leamning in the science classroom (Novak and Gowin, 1984) and to
informal adult learning situations (Brody, 1985). This approach is known as Concept Mapping and
up to now has been somewhat independent of the AI domain intended here for its application.
However, this technique's roots in cognitive psychology and learning suggest its suitability for the
problem we are invcstigaﬁrig.

Concept mapping provides a representational framework for subject/expert/novice knowledge in any
domain. These concept maps can then be joined into rather complex semantic networks much as

Collins and Loftus (1975) modified and stretched networks.
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In this study concept maps are used to help extract expert and novice knowieage, 1acuuty avy
concepts involved in STD's, and represent them in easily understandable formats for both future
teaching and leaming in a computer-based intelligent tutoring system. They are intended to represent
meaningful rclationships bcﬁwccn concepts in the form of propositions, i.e., two or more concept
labels linked by words in a semantic unit. Concept maps work to make clear to both subjcctsﬂand |
researchers the relatively small number of ideas they must focus on in any learning task. A concept
map provides a visual road map showing the pathways we may take to connect meanings of concepts
in propositions. Concept maps are also hierarchical; that is, the more general, more inclusive concepts
are at the top of the map, with progressively more specific, less inclusive concepts arranged below

them. Consider the concept map below:
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This and similar concept maps have been and currently are being constructed by groups of experts in
the medical field to collectively represent the knowledge base of experts' understanding of infectious

diseases. In addition, through clinical interviews with students and the analysis of their comments,



concept maps representing novice knowledge have been and are currently being constructed. By
novice knowledge we mean knowledge which has partially misconceived and/or missing |
information. These two sources form the basis of a scmaptic network around which an intelligent
tutoring system is bcmg cons&ucted. The net forms a map through which the user can approach a.
particular problem conceming STD's. Three issues ceatral to this phase of our research are: ”
L -differelices between the subject specific maps produced by novices and
those produced by experts
2. differences in the techniques of construction of such maps by experts and
novices
3. differences in how experts and novices add to, delete or modify knowledge

structures based on new information.

IOI Automated Tools For Knowledge Base Construction
There are a number of ways in which computer automated tools can aid in the development of
concept maps. These tools can be partitionéd into two groups: a. domain independent tools
b. domain dependent tools Further, each of these classes of tools can be partitioned into |
1. "Standard" tools that help to construct and manipulate concept maps in user-directed ways, and
2. "Intelligent" tools which apply domain depcpdcnt and/or independent knowledge to aid the
user in making decisions in the construction process.

We have in place a standard domain independeant tool, SeeGraph (Latour & Johnson, 1987), a
subsystem for storage, retrieval, and graphical representation of semantic networks. SecGraph is
discussed in the following section. In addition, we are in the pMs of developing the "Intelligent”
tutoring system IntMap, for the construction of concept maps which employs the SeeGraph
database. The system uses both domain independent knowledge about the structure of concept maps
and domain dependent knowledge about the semantics of concept map knowledge to guide the user

through the mapping process.



SeeGraph: A tool for the realization of Semanfic Networks

Our software development group has constructed the prototype SEE, a Student's Educational
Environment (Latouf,l9é§) pmﬁding a set of tools to éupport investigations into the selection of a
proper knowledge base structure. Incorporated in SEE is SeeGraph, a subsystem for stofagc, |
retrieval, and graphical representation of semantic networks. SeeGraph, simply put, is a network
database with a gfaphical query language allowing users to add and delete nodes and arcs in multiple
windows. To facilitate movement through thé graph, operations for changing, magnifying, reducing,
and more specifically focussing the user's current view are available. In addition, the user can create
and manipulate text attributes of the nodes énd arcs.

There are several conceptual advantages to representing semantic networks in a graphical fashion.

The relation of one node to another through a connecting arc is unmistakable but limiting, SeeGraph
gives the user a powerful spatial dimension in which to give meaning to the network at hand.
. Placement of objects in groups to show a sharing of common characteristics, use of node size to
indicate hierarchy within groups, and dlickcnihg pf arcs to show path precedence are all special effects
which allow the user to give a feel for the logical mprcséntation of the graph and how to best use it as
an interface to the underlying data objects.

SeeGraph views a semantic network as existing in an underlying universe which is for all intents and
purposes unbounded. Each active user screen (many may be active simultaneously) is a window onto
this universe. All SeeGraph operations are carried out through the use of the mouse and mouse
activated menus. |

A number of enhancements are currently at the specification stage for future SeeGraph versions,
including: (.1) an intelligent graphics interface to aid in the spatial placement and organization of nodes
and arcs, (2) a 3-dimensional semantic network interface, and (3) formal tools to overlay domain
dependent semantics on the domain independent graphs of SeeGraph. These include a parser to

canvert outlines into concept maps, and the aformentioned intelligent tutoring subsystem to aid the



user in consgucing domidlil SPeCLill SLILAREL IRAWSARS.
We have implemented a SeeGraph prototype in Ada on a network consisting of a Vax/7 80 connected
to Véxstation I and PC AT and XT workstations. In addition the prototype is being ported to SUN

workstations and the same is being considered for the MAC IL

IV Design of Intelligent Tutoring System |
The quality of leamning is a pervasive issue in education and in particular in science education. Recent

advances in this area have taken a particularly cognitive perspective (Carey, 1986) and many of the
major findings have implications for education in gcncra'L This perspective begins with the principle
that what learners already know about new information will influence their subsequent learning of that
material (Champagne and Klopfer, 1984). The construction of the software system proposed in this
project to represent knowledge bases of both experts and novices will be designed to allow the
researchers to assess learners' prior knowledge and how that knowledge changes over time, Qur
study. will entail human subject protocol analysis as well as interview techniques involving the
computer system.

‘The process of restructuring knowledge has l;cch investigated extensively in a number of areas
including chess and physical scicncc (Chi, Glasser and Ree , 1982) and itis our belief that this can
help us understand leaming in a new context. In particular we will be looking for exemplar novice- v
expert shifts in the restructuring of STD knowledge. The study and development of intelligent tutors
has in recent years become a very active field of research (Anderson, 1987; Sleeman, 1982). This
involves endeavors beyond the construction of expert systems and is predicated on models of
cognition by Anderson (1982) and others which have led to a better understanding of skill acquisition
and problem solving behavior. Our tutor, when completed, will lead the novice user through the
relevant facts related to STD's to enable appropriate action.

Some examples of existing systems which serve as models of cognitive activity are Newell and
Simons GPS (1972) and Anderson's ACT (1976). GPS employs means-ends analysis and

difference tables to develop a problem behavior graph resulting in an explicit, operational, and



sufficient model of human problem solving. The ACT system is able to perform a number of

cognitive tasks. Itincludes short and long term memory components, as well as a programmable

production system. Memory is modeled by a propositional associative nerwork ooamam& of nodes
representing concepts and arcs representing the relationships between them. It mon..o:nm knowledge -
compilation s.ro.nacw postulates are built into productions in the form of if-then rules which ow.oBS
on the active components of the semantic network.

Our prototype system serves as a testbed for investigation into some of the above problem solving
paradigms, as well as heuristic, rule based, goal-directed, non-linear, inductive and deductive problem
solving. Its ability to cope with problems in STD detection, control and mcogwﬁ will provide insight

into plausible techniques for incorporating moﬁ information into existing databases. Our study of

concept mapping Techniques and tools provides generalizable conclusions concerning how experts

i
e

and novices learn about STDs.

Summary and Conclusious |
The result of this investigation contribute to the design and implementation of an intelligent tutoring

system to facilitate meaningful problem-solving. In particular, our software tools to construct concept
maps of experts and novices Eo.aao an underlying knowledge base of STD's for the design of such a
system. Our system is ooBmim&.om a collection of complex networks of concepts connected by
relations; its performance will be carefully scrutinized in terms of its validity and reliability as a
representation of expert/novice domain-specific knowledge.
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