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ABSTRACT

Enowledge Support System Zero (KS50) is a knowladge suppart
system providing an integrated set of tools for knowledge acquisition
for Fifth Generation computer sysiems. A model for knowledge
support system evaloation and validation is discussed, K550 has been
evafuated against the model, and experiments are reported in knowledgs
acquisition of spatial interpolation echniques for contour maps.
Resulis are described on validation experiments 1o show (he extent 1o
which this system can replace standard interviewing tschniques:

1) Does an experl always usce the same ieminology?

2y To what gxtent do experts agree among themselves about the topic?
3) Do experts agree on Lheir terminology in talking about a topic?

#4) To whit extent does cach. experts agres with the knowledge at a
5) To what extent does an expert find the generated rules meaningful?

A framework for identifying consensws, correspondence,
conflict and contrast with multiple expents is described,

1 INTRODUCTION

Shaw and Gaines (1983, 1956) emphasized the nesd 1o be abls o
validate any technique for knowledge engineering. Tt s not sufficient 1o
show that reasonable expert systems can be developed; one muast
atlampt o avaluate the accuracy and completeness of the knowledge
transfer. This is not an easy task because thers are few well-esiablished
domains of expertise where the accuracy of the elicitation can be tested,
A zdy has been carried oul using PLANET (Shaw 1982) to determing
whether PEGASUS can be used to elicit the Business Information
Analysis Integration Technique (Carlson 1979, Sowa 1984) distinciions
from those with some accounting or business knowledge (Shaw and
Gaines 1983). The expariments were based on a spectrum of thoss with
knowledge of business record keeping using an sutomated personal
construct elicimtion methodology (Shaw and Gaines 1986).

Varicus forms of analysis were applied to the resulting grids. The
constructs or attribules elicited were compared with the BIAIT
construets by analysing with ENTAIL the compound grids obiained by
merging the constructs elicited from each person with those
carresponding 1o the BIAIT constructs. This showed that sl the BIAIT
comstrucls exist within those elicited. The set of grids obtained was
also analysed with SOCIOGRIDS to see whether the variations of
expertise across the group of subjects used shows up clearly, This is a
good iest of the basic validity of the methedalogy and its foundstions in
the notion of construing. For example, in an earlier stody (Shaw 1980)
of quality conirol for 2 garment company the SOCIOGRIDS analysis
re-gencrated the management hisrarchy of the firm from the consimuct
systems of stafl involved in managing garment faults,

2 AN OUTLINE OF KNOWLEDGE SUFPORT
SYSTEM ZEROQ

K550 combines a number of different sources, including text,
expert interviews and expert decicion-making, and a number of different

techniques, including text analysiz, entity and atribote elicitation,
clusiering and induetive rule generation. It is wrilten in Pascal and rans
on the Apple Macintosh family of computers to provide a highly
intersctive and graphic knowledge acquisition environment, At the
heart of K550 is an object-oriented knowledge base in which knowledpe
is formally represented as & mulliple-inheritance digraph of classes,
objects and properties, Such a structure generalizes the entity and
attribute grids used in several early knowledge acquisition systems
(Shaw and Gaines 1983, Boose 1985) and has proved both general and
powerul in a variety of applications (Boose and Bradshaw 1987, Galnes
1987, Diederich et al 1987). )

The main tools in KS50 are shown in Figure 1:

Figure 1. Some tools in Knowledge Support System Zerg,

* Elicit sccepis specifications of entities within a damain and provides
an interactive graphical elicitation enavironment within which the
experts can distinguish entitits to derive their atrributes. The
reseliant class iz continvously analyzed to provide feedback
prompting the sxpert o enter further entities and attributes,

+ Exchange allows interactive exchange and comparison of entities and
attributes Srom multiple experts in a domain,

*FOCUS hierarchically clusters entities and atiributes within a
domain prompting the experts to add higher-level entifics sructuring
the domain. )

* FRINCOM spatially clusiers entities and attributes within a domain
prompting the experts to add higher-level entities structoring the
domain.

* ENTAIL indoces logical entailments enabling the attributes of an
element, or the evaluations of a decision-making situation in a
domain, to be derived from other attributes,

* SOCIO compares the structures for the same domain generated by
different experts, of the same axpert at dilferent times or from varying
perspectives.

Part of the interaction with one of the geographers is used to give a
flavour of Elicit. Figure 2 shows the common eniities agreed on by
all the geographers being placed on the altribute local — global.
Some techniques have already been rated, some are waiting in a list on
the lelt, and proximal mapping is being dragged on w the auribute
bar. Both the atiribute labels and the techniques can be edited any dme,
and also the placing of the wechoigués. Figure 3 shows two matchied
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attributes, with both sets of ratings shown, so that they can be
compared. Again, any one is moveahle if the cxpent wants 1o adjust
anything.
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Figurs 2. K550 showing click and drag elicitation.
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Figure 3, K580 showing matching auributes.
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Figure 4. K550 showing matching technigques.

Technigues may also he matched, a5 shown in the screen in Figore
4, The technigque at the top has a marker on each attributs stcking up,
and the one at the bottom & marker sticking down, Agein, any marker
is moveable if the expert wanis to change anything. Figure 5 shows
the FOCUS clustering of the final grid. As can be seen on the attribute
tree at the top right, there are thres clusters at 75%, and oné altribuls
which is not part of any clustezr., From the bottom right tree of
techmigues, it can be seen that the one mogt dilferent from the others is
hand contowring. Many other conclusions can be drawn from this
diagram, but it is sufficient here just to give a flavour of what the
expert experienced in using K580
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Figure 3, K550 FOCUS display of compleied grid.

Exchange grids are used for the measurement of understanding and
agregment between either two expens of on two occasions (Shaw
19800, To do this two people, possibly experts with differing points of
view, each elicit a grid in an area of common knowledge or expericnce.
Each may choose his own entities independently of the other, and elicit
and rate hig atiribotes quits separately, Each then can Exchange his
grid, that is use the other’s entities and attributes but not the rating
values, This is then completed by the other expert. By comparing
pairs of thess grids it is possible to map the extent of overlap of the
agreament and understanding between the two experts. The Exchanpe
procedure allows multiple experts 1o be aware of and explors the
meaning of each other's terminology in the domain, The experts can
ihen understand and exiend their own thinking and problem-solving
capabilitiss with ideas from other experts. They are able 1o sec the
relationship of thelr poinis of view to thoss of othess; explore differing
terminclogy for the same altributes; become aware of differing
attributes having the same terminology; extend their own conceptual
systems with those of cthers; provide others with atiributes they have
found valuable; and explore a problem-solving domain using the full
ETONP TESOUICES,

The Process facility allows single and moluple grds (o be
anaiysed. The FOCUS algorithm is a distance-based hierarchical
cluster analysiz technigue that sors tbe entities and attributes into a
linear arder such that those closest together in the space are also closest
tpgether in the order. It has the advantage in presentation that the
sorting is used only to re-present the oclginal grid re-organized by the
neighboumess of attributes and clements, It is Ieft to the wser to
constree his own personal meandng into the result and confiem this
dircctly in terms of the origingl data, The ree diagrams show the entity
and atwribate clusters and are imposed on the re-sorted original grid data
(Shaw 1980). The program provides a hierarchical clustering of an
expert's conceptual system that preserves the data elicited from him so
that the sources of the analysis are evident and can be discussed, The
PRINCOM algorithm is ancther distance-based cluster analysis using
standard principal component analysis and giving the same results as
Slater's EWMGR[pSl{sm 1978, 19"}'?}. Tﬁ'm;«m has been used
widely becanse it gives a visually mesningfol map of some of the
relations bevsesn entities and altribuies. The program gives & non-
hierarchical clusier analysis based on principal compenents that can be
used 1o gauge the major dimensions along which an expert is making

" distinctions.

The ENTAIL algorithm is a logical analyzis of the conceplual
gysiem taking the expent’s distinctions 10 be fuzzy predicates (Zadeh
1972, Gaines 1976). The program derives asymmeiric implications
betwesn the attribute poles so thal one can infar how a new entity
might be placed on one attribute given how it is placed on othars
(Gaines and Shaw 1981). Tt can also provide rules for input o an
expert system chell (Gaines and Shaw 1985). ENTAIL gives a
dependency analysis of the auributes in a grid by deriving significant
lopical enailments consistent with the data. From a clustering point of
view this snalysis is significant becapse it can show up one-way
relations that may be missed by distance-based clustering tachniques.



However, in the present context it is more significant that the entail-
ments may be treated as inference rules to be used in an expert system.
Figure 6 shows some results from the ENTAIL analysis of the grid of
Figure 3. The entailments are shown with two values in the range
from 0 1o 1: first, the truth valoe of the hypothesis, and second, the in-
formation content {uncertainty reduction generated) of asserting the hy-
pethesis. For example, L1 -> R14 has a uth value of 0.88, and an
information contant of 0.25. The information content measores the
significance of the hypathesis and is used to ensure that wivial entail-
menis consistent with the data are pruned {Gaines and Shaw 1988),

ENZAIL Truth Information (Cutoff 0.15) Entailment
Rl4->L 1 1.00 0.30 incorperates geslogic modal -»
qualltative and quanticative
R 1-»L14 1.00 0.26 quantitative =» dassn’e
lneorporate geologloc model
L 1=»R14 0.88 0.25 gualitative and quantitative =»
’ ' incorporates geolagle model
L15-»R14 ©.75 ©,25 Iinterprative -> lpcorporates
geelegle madel
L1S=>L 1 4.78 0,24 interpretive =» qualicative and
quantitative
9.75 0.22 honours data pointa =» assumes
anisstrople surface
0.88 0.22 wvary important => very sffective

R d4=>R1Z%

RLE—>R1T

L17=-»L1& 0.88 0.27 not very effective -» met wery leportant

L 1=>L15 0.88 0.21 gqualitacive and quantibative =3
interpretive

L 4-»L12 0.88 0.2] domsn't honour data polpts -»
assumms fsotrople surface

Ll2=»*L 4 0,75 0.2]1 assumes Lsotrople surface =»
deasn't hoasur data points

R14=»115 0.88 0.21 incerporates gecloglc model =»
interprotive

Rli-*R 4 ©0.88 0,20 assumes anisotrople surface -3
honours data pointa

L 4-»R 2 0.75 0,19 doesn't honour data polnta =» global

R 3-»Rl4 0.62 0.18 avtoccrrelatieon censidered —»
incorporates geolegle model

B 3->L13 4.62

L1i=»R13 0.75 0,18 assumes lsotropic surface -3>

astimates suscepbible te clusters

L12->R1% 0.88 0.18 assumes lsotropic surface -> represantative

L13=>L15 0.62 0.18 not as susceptible to clusters -»
. Interprative
L15-*R12 0.88 0.18 ipterpretive -> assumes anlsotropic

anrface

Figure 6, Some rules produced by the ENTAIL algorithm from
Expert 2.

The SOCIO program provides facilivies for comparing and
contrasting multiple sources of -expertise, It is an extension of
SOCIOGRIDS (Shaw 1980) for deriving socionets and mode atiributes
fram groups of individuals construing the same class of elements, Its
objective 15 1o take different classes representing the same domain and
compare them for their strociure, showing the similarites and
differences. It may be regarded as the implementation of a simple fonm
of analogical reasoning. The grids may have the same entities and
altributes but possibly differing values. SOCIO analyzes the matches
between the entities and the atiributes in the grids according to the
values, and shows those entities and attributes that are gimilar and tiose
which are different. A typical application is 10 see whether experts
agree on the definitions of classas by asking them o separately fill in
the values for a domain definition Exchanged between them. I they
agres then it is consemsus, and if they disagres it is conflict.

If the grids have different attributes but the same entities SOCIO
analyzes the matches between the attribuies in the grids, and for each
attribote in the original shows the closest matching attribote in the
other class. A typical application is to see whether experts are using
differsnt terminologiss for the same atiributes by asking them to define
attribwtes separately and Gl in the values for & domain defined
an agreed set of elements, Here, correspondence between gntities or
attributes can be identified. If there is no similarity in elther
terminology or the nse of the aftributes, this is contrast. Figure 7
shows the four possibilities which can oceor in this inlersection of the
experls’ conceptual Stroctures.
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Figure 7. Consensus, comespondence, conflict and contrast among
experts,

When a number of grids representing the same domain are
available, SOCTO also provides two other forms of analysis, The first
is that it tries to derive “modal” entities or anributes that reflect a
CONSENSUS among the experts by extracting those which occur as highly
matched entities or atiributes across the majority of classes. A typical
application is o reach consensos on critical concepts that are accociated
with a rich vocabulary at differing levels of abstraction. The other i
that it derives 2 set of socionets showing the degree to which each
expest s able to'make the same distinctions as another expert, even if
they wee different terminology. A typical application is to validate the
knowledge acquisition process by determining whether the structure
derived conforms with known relations between the experts (Shaw and
Gaines 1989).

.18 avtocorrelatlion considered =» Interpretive

3 EVALUATION OF KNOWLEDGE-BASED
TOOLS

Evaluation smdies of knowledge-based systems (speciBeally sxpert
systems) have been reported and methods for validation have been
outlined. A typieal example is Siegel (1985) who points out the need
to cvaluate the sutput of expert systems and he cutlines in good demil
the methods for accomplishing this task. He includes criterion
vangbles and the methods for testing. Thess methods are based on the
use of est cases as a developmental rool through successive
improvements of the system. Test cases provide standard input to- the
system and output can be tested for congistency, ('Keefe, Balei and
Smmith (1987} discuss problems in the validation of expent systems and
elaborate the distinction between validation and wverification:
validation mesns “building the right system® and verification
means “building the syswem right”.

Uniil the relatively recent development of knowledge acquisition
tools, the evaluation of knowledge-based sysiems focused of the
performance of the system against the problem it was designed to solve,
Knowledge acquisition was considered difficult to design and
problematic ar best. Waterman (1986) views the iterative development
of expert systems as a method 10 compensate for less than elfective
knowledge acquisition procedures, The expert systerm, itself, acts as a
check on the acquisition procedures. However, criticisms of this
approach have been voiced (Gaines 1987). Subjective validation of the
expert system's knowledge-base and performance by the expert may
provide inaccurate or biased erteria (Cleaves 1986) or may point out
oaly the components which do not "work™ but may say liftle aboat
what doas work, Gaines suggests that objective performance standards
be developed and for knowledge-based systems and acquizition iools be
evaluated against these standards. Knowledge relevancy, sccuracy,
consistency and compleleness have been posited as objective
performancs criteria.
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Reports of evaluation activity for automated knowledps acquisition
tnels nsually appear only as tangental comments in papers cutlining
the design and development of a knowledpe-based system. A notable
exception iz Michalski (1983) who compared the inductively derived
rules frons AQ11 with direct representations of the expert's knowladge,
Other antomated systems such 23 AQUINAS (Boose and Bradshaw
1287), MORE (Kahn et al 1985}, SALT (Marcus 1986) and MOLE
(Ezhelman et al 1987), which have been designed as as automated
intervizwers for specialized kmowledge-bases, approach knowledge-tase
criteria through a "successive refinement” method, Although this does
not constitule a strict validation of the acquisition tool ftself, the
refingment process helps to build the integrity of the knowledge-base.
‘This can be conzidered as one method of validating the knowledge
acquisition tool.

Burien et al (1987) have recently reponed an evaloation stady of &
number of knowledge acquisition techniques: interview, protocal
analysiz, goal decomposition, and card sort in the domain of rock
identification. They took 32 undergraduates as subjects and looked at
time taken for elicitation, time taken to code the transcript into
production raes, number of mles elicited {correct or Incormect), number
of clauses constituting the elicited rules, and completeness of the rule
set. They also measyred the personality varishles introvert or extravert,
and fizld dependent or independant,

Some of the closest work to actual knowledge validation as well as
validation of aequisition ools appears in the investigation of expertise,
Johnson (1986, 1937) has established a research procedurs which
atiempds to validate the expertise required to solve problems. Using
siructured interviews, verbal ihinking-aloud protocols and protocol
analysis based on  systematic ohservations of problem-solving
behavipnr, Johnson models the operative knowledge of a task.  His
empirical westing of events includes the use of a panel of experts o
validate regolts of knowledpe scquisition as well as the ose of test cases
which are both similar and dissimilar to the original problem-solving
task.

Althongh many knowledge acquisition systems have been designed,
little: has been reported on the evaluation of the systems per se. What
appears lacking is a useful framework 0 guide scquisition tool
evaluation, The following ssction outlines a model for the evaluation
and validasion of knowledpe acquisition systems.

4 FRAMEWORK FOR EVALUATION

In experimental psychology some “dependent” variable acts as the
sharting paint and various factons are hypothesized which might predict
that variable, In evaluation research, the independent variabla (g.g. the
program, the system, the procedure) acts as the starting point and
assessments are made against a set of crileria or goals (Bemsiein, 1976).
Evaluation research is expected 1o tell how well something “works™
how well something dees what it is supposed or conceived to do.
Evaluation can slso be stroctured 1o tell when, why and how something
works.

In arder 1o be effective, evaluation designs require clear explication
of components and requirements: determing the extemal criteria which
act &5 comparison points for the system under evaluation; recognize
levels of operation and measurement in the external criteria; determine
and deseribe the input and outpot of the system under evaheation; require
clarification, justification and theoretical support of the meihods of
processing inputs o cutputs (g.g. the algorithms); carefully select
populations for study,

This section cutlings an evaluation framework for knowledge
support sysiems. Applying the above crileria 1o knowledge support
aystems, evaluation stages and specific evaluation tasks are outlined for
the evalnation activity. General design considerations have been
elucidated. fior knowledpe support sysicms (Shaw and Gaines, 1987).
Thess are also incorporated into the evalualion framework.

Validstion
M/\iﬁuﬁn
intorshjoctive strs-muljastive

Figure 8, A validation model.

Figure B shows two distinet aspects of validation: those concerned
with objective aspects of the system and those concerned with
subjective aspects of the system. These distinctions represent the
various aspects of operation of knowledge support systems. The
ohjective aspects aré those conceming the performance of the expert
system or knowledge base, clicited from the expen or experts, against
objective eritesia. A knowledge suppon system supparts the knowledge
processes of the expert, and allows her 1o develop a system which
actually performs effectively in the real world, raither than merely
confirming the cpinion of the expert. The swdy done by O'Keefe e al
looks at objective aspects of a system.
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Fipura 9. The framework for the stody.

The sobjective aspects relals o the way in which the knowladge
wcquisition system scquires the knowledge that the cxpert has. Sincs it
ix impossible to separate the knowledge scquisition ool from the
expert, so the term knowledge acquisition system will be used w
mean the knowledge acquisition tool, and the cxpert.

Figure 9 shows the model developed for this study, It was
necessary 1o see if there was mutual agreement across experis and
whether there was any conzistency of an expert over g time interval,
beth in the terminolegy used, and how it was used, Finally, an
investigation was made as to whether the ENTAIL analysis performed
by the system on each expert's knowledge was seen as commect or not.

5 METHODOLOGY

Figure 10 outlings the procedural steps and the data collection
poimts used in the subjective evaloaton of K350 (Shaw and Woodward
1988). It shows the first step as Procadurs 1 (P1) which introduced the
experts o the requirements of KS30. At this ime a specific task was
agrecd upon and & purpose for the prid elicitation was developed, The
first data collection point (G1) consisted of the elicitation of & grid by
cach expert individually, This provided an initial set of entitias and
attributes particolar o each expert, The second collection point (G2}
consisted of the experts exchanging their first grids (entitics and
aliributes) to produce other grids. The next step was a proceduere (P2} to
have the experts agres on a common set of entities. . This commaon
entity set provided the basis for the next data collection point (G3)
which consisted of the elicitation of a- grid by cach expert using
common entities, Thiz elicitation was done, a5 was the other,
separately for each expert. P3 represeniz a wail off over iwelve weeks
before the next data collection point (G4). At this time a repeat of the
activity at G3 was completed using a common entity set bot the



ion of atribates, For G5 the experts were given the entity and
attribuie set from G3 and asked to re-rale the entittes. The final daia
collection point (P4) consisted of giving the expens a selected Hst of
entailments using the ENTAIL algorithm (Gaines and Shaw 1986)
generated from the G3 grid. A set of examples from four separale levels
of significance of entailment were selectad and randomly prasanied 1o
the experis who were asked 1o rate each entailment on a foar point zcale
from correct Lo incorrect.
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H_ﬂl‘l prEaNa
a1 g'd wichailan welng own
ety sed

Uvsnt

a3 @M elelubn waing ethar
Expails enbls and alidbutes
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Figare 10. Evaluation design event table.

Twio separate studies were compleled vsing specific task demands
from two separate and quile different domains, bat only the geugrnph;
ong will be reported here. It involved thres researchess in a university
geography department sach of whom is an expent working in the field of
spatial interpolation techniques to prodoce contour maps. Each was
interviewed separately (P1) and was involved independenty for an hour
ar mong in the first session on the task of "evaluating spatial mapping
techniques” (GI1). In the second session, on the following day, each
expert exchanged his of her attribotes with the others. This involved
Expert 1 in secing Expert 2's entities and attribotes withowt the ratings,
and rating them as he would have done (G2a). He repeated this for
Expent 3's grid (G2b), This was done for each expert in tum.,

Following this session, all three experts met together to discuss
the entities cach had used, and 1 agres bodh on the meanings of each,
and on a common set that all could use. There were twelve of these
decided after 30-40 minutes. In the third session, in the same week,
each expert elicited another set of attributes which could include the
previous ones elicited, as well as any he or she had seen when doing the
exchange procedure, This was G3. Thres attribotes ware added st this
siage by the experimenter: very Imporiani— nol Very importani; very
effective— nor wery gffective; and widely wred— not widely used. Aler
thiz segsion, the experts were asked not 1o think about the wopic more
than they usually would, not w discuss the topic with each other, and
ot to review their atirtbures before the next session.

In the fourth sescion, twelve weeks later, each experl in tum
elicited anather set of atiributes wsing the agreed set of entities from
session thres producing G4, Immediately this was completed, in about
an hour, each expert was shown his entities and aitribules from sesslon
thres, that is, G3 with the ratings removed, and asked o re-rates these on
the same scale. This gave G5. The entailments (Gaines and Shaw
19E6, Shaw and Gaines 1987) were prodoced for each expert from G3.
Thesze rules were then samplad from each category of significance, =
15, .14 10 .10, and .09 o0 05 and randomly presented (o the expert
(P4) who was asked 1o rate them on a scale 1- correct, 2 = likely 1o be
caorrect, 3 - not likely 1o be comest, and 4 - incorrect.

All three experts agreed that the system was easy 10 use, allowed

easy correction of errors, and gave them the opticns that Ihaynwisdu:r
perase the dita.

6 THE MEASURES

Two measares were used in thiz study, congistency-with
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ancther and eonstrued-by another, Conslstency Is measured using
Exchange. Do the experis see the topic in a similar way at the same
ime? By exchanging enfities and attribuies they are sble to view the
topic from the perspective of the other. To do this involves an
understanding of what the other's entities and atiribotes actually mean
in the domain, or can I comstruct a point of view which
makes semse of them? Mot only that, but do I agree with the
other's construction of the topie, having wnderstood the
perspective of the other? 5o consistency is defined as the
degree of match between one expert's rtings of his/her ovm entities and
attributes and another expert’s ratings of the first expert's entities and
attributes. The patteming of the entities on a penticalar atirfibute is
imatched apainst the paur.nnng of the same entities on that same
attribide in the other grid.

Consistency over fime can also be measured in this way but
using the same expert’s grid on the two oceasions with the same entity
and attribute labels as before, but new ratings. Only entitics and
attributez with the same labels in both grids can contribute to this
measure of consistency. Operationally, this measure was calculated
using the SOCI0 measure based on the matching algorithm that is
deseribed in Shaw (1980} and wsed in FOCUS, CORE and
S0CIOGRIDS. It ranges from 100 for perfect match to 0 for
maximum reversal. This measure is picking out the differing vse of
terminology in the two grids. The following formula was used:

G consistency-with G' at eriterion = 100 x
{number of attribwtes in G matched greater than crilerion h:,r

S ¢ attribytes in GY
(number of attributes in G)

Construing is akin to consistency. The entity labels must be
the same in both grids, but separate sets of alribuies can be used, In
this c:ase, the measure picks ot the attribute in the second grid with the
best maich 1o the paiteming of the entities on the ane being considered
in the first grid. In this case, the same attribaie: may be chosen more
than once in the second grd if it matches mors closely than any other
o more than one atiribuls in the first, Again, the same matching
algorithm was used. Thizs measore is picking out the best match
between the aurdbutes in the two grids, regardless of terminology. The
foliowing lomrula was used:

G constreed-by G° at criterion = 100 x
{number of atributes in G matched greater than criterion by

any atribues in G
(nomber of airribwes in Gy

Cperational definitions for the various construing and consistency
measures were used to evaluaie the knowledge support system, Infra-
subjective understanding, U wes defined as the degres of
construing of the earlier grid G3 by the later one G4, Those attributes
which were malched on the G3 and G4 grids at & crilerion of 30 were
used for this caleulation, and this was calenlated for each expert:

Uy = G3 construed-by G4 at 80
Intra-subjective agreement, Ay was defined as the degree of
consistency between ont expert’s ratings of hisfer own entities and
attributes in G3 with higfher rtings of the eatitves and auribotes in the
later grid G5, The following formuola was used 1o calcolate Ay for each
expert:

Ag=G3 congistency-with G5 at 80

Inter-subjective understanding, Uj, was defined as the
degree of construing of each expert’s grid G3 by another expert’s G3:

Uj = G3E construed-by G3E' at 80

Inter-subjective agreement, Aj, was defined as the degree of
consistency between one expert's ratings of his/her own entities and
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altributes in G1 with another expert's ratings of the first expert's
entities and atiributes in G2, The following formula wes used:

Aj = G1E consistency-with G2E' at 80

[M.B. There were two G2s: G22 and G2b, so two measures resulted for
each expert.]

Finally, intra-subjective perspective comsistency, Cj,
was defined as the degres of consistency of the rules produced by the
ENTAIL algorithm with what the expert apparently expected. The
ratings of these statemenis at P4 were then compared (o the entailment
output from G3. The number of identical ratings and the number of
similar ratings (differing by only one value) were selected. The
following formola was used to determine Cj:

[ 5 Alings + n pf similg
{total number of rulss given)

7 RESULTS

Figures 11 to 16 display the results, The intra-subjective
understanding scores, Uy, displayed in Figure 11 rangad from 63 to
B6; and the intra-subjective agreement scores, A, [rom 79 10 24,
indicating that each expert was using her/his erminology in much the
sume way from one occagion 1o the other and that K550 was able to
reflect this congistency.

Export | U, 280 | Ay 280 pepert | yyzso | A 280
61 [ s2s | an2 e e | et | 267
€2 | 770 | 844 e | 425 | sis
es | o7 [ 78 | fole | 24 | aas

Fig, 11, Inira-subjective agreement Fig, 12.Inter-subjective agreement

{4yg) and understanding (U7 results. (Af) and understanding (U7 results.

Dl.th:'ﬂ:puh.ﬁ&.ﬂ-d.ihmgﬂi .

E1iE2 33.3% over B0.0 (El attribote-consistency-with E2)
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21 16.7% > Bl.8 Ad:r Global=Loocal

3: 25.0% > Bl.8 AS: Intvicive-Mathamatlical

4: 33.3% » BL1.8 A6: Reguires spatial search=Dees not
require spatial ssarch

S5¢ 41.7% > 75.0 AlOy Difficuilt to understand-Easlly
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Figure 13. Analysis of inter-subjective agreement.

Inter-subjective agreement scores, Aj are displayed in Figure
12, That iz the extent (o which the experts agree, range from 8 to 33,
Thiz shows that the experts dizagree with each other in their
terminology and in how they view the topic quite extensively.

Eatitfes: 11, Auribucess: 13, Raage: 1 a0 5, Purpase: To

Momine! dum

Does not requitne spatlnl soarch
Essily undeéritond

Polynosisl

Contimasay
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My podsts

Honours data

Reguires model

Neoa-linear mtcrpolilia

Vcter tread serface anslysis
Tread wrface asalysis

Di weighied avuragieg
Bicobio splises

Kriging

Prorimal mepping

Dioubls Feuries serles

Mioet prediziable furfee

 Megatve expanentisl surface

Haad ring
Probebility mepping

Figure 14, The difference grid for expens E1 and E2,



This can be seen in Figure 13 where the detsils of the SOCIO
analysis are shown. EI has exchanged his techniques and atiributes
with the cther two expens, E2 and E3. The listing at the top of Figure
13 shows the agresment for the pair E1, E2. The highest matched
atribute is interval dorg — norinal dara, and four avributes are agreed
upan over the threghold of 80, In thé other listing for E1, E3 the
highest matched auribote was also iarerval dota — nominal data but
was the only one matched above the threshold of 80. Inspection of the
raw grids for E1 and E2 show the reason for thege results. The first
number on the first Bne s a 1 inEL's grid and a 5 in E2's. This means
that E1 thinks that probabilicy mapping reguires model, whereas E2
thirks that probability mapping requires NG modzl. On inquiring
about thiz, the explanation given was conched in terms of what one
actually means by the term model, indicating the difference in
terminology which was shown up in the measores of Aj, This is an
example of conflict where E1 and E2 are using he same terminology
in concepiually different ways. There is also conflict shown in the
concept of linear interpolufion—nonriinear interpolation.

Figure 13 ean be redeawn as a difference grid where rating values (in
this case 1 to 5) for B2's ratings of El's entities en his attribuies are
subiracted from El's similar rating values respectively. Figure 14
shews this with the entities and atiributes about which they agres the
most in the top right comer, shown by no difference or a difference of
only 1; and thoss with most diszgreement towards the botiom left,
shown by the maximum dilference of 4 or 8 large difference of 3,
Hence from this difference grid, the substance of the agreements and the
dizagreements can eastly be identified and discussed by the two experts.

Bl<:E2 2.
1  &.2%
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Figure 15. Analysis of inter-subjective understanding.
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Inter-subjective understanding scores, Uj, are also shown in
Figure 12. Here the values are much showing that the expents
have similar distinctions aboot the topic even though they differ greatly
in how they ose the terminology. These values range from 31 1o 71,
and Figure 15 shows the matches which were found for the pair E1, E2
— the first attribute coming from E1 and the zecond being the ona from
E2 which matched the highest patterning of the iechnigues on the
first awribute. The cumulative percentage is given of those with
matches greater than the value shown, and the atiribuie from E2 which
best matches each from E1 iz shown beneath it This was repeated for
each af E1'z atiribues,

It can be seen hat:

« The first or highest match which accounts for 6.2% of the attributes
has a level of 38.5 out of a possible 100 if they were identical. That
is, both experts are using the attribute focal— global in the same
way. This is an example of consensus.

+ The first and second matches wogether account for 12.5% of all
attributes, and they are matched over the level of 87.5, However, this
5 not consensus since when E1 oses the attribate low-level-datag—
Righ-level dara , E2 is using the attnibule nomingl data—interval or
rafio data . This is a difference in terminology which indicates that
their levels of ahstraction are different in their constroing of this
topic. This shows the two expens in correspondence.

» The third maich again shows consensus, with both éxparts osing
the attribute deer not konour data points—fhiorours dara poinis in the
SAME WaY.

* The fourth match shows a difference in terminology, or a
correspondence between shori-disiance awlocorrelation—Iong-
distance swtocorrelation and local—global, Notics that local—global
pged by E2 was also used in the first mateh indicating that E1 has
two attribwtes shori-distance  awtocerrelation—long-distance
autocorreiaion and local=—global which are used similarly to each
other but with different terminology, whereas E2 has only one. In
fact, looking on o the seventh and eleventh matches, it cen be scen
thet E1 has rwo more sttribotes discontinuons—continuons and does
o requdre a priovl model—requires a priori model which correspond
te E2's single atiritante local—global. This shows a differences in
richness of concepts not necessarily making new distinctions in the
class 50 far defined by the entitics,

* The eighth match, stll over the level of £2, again shows
correspondence. It shows the stiribute heavy computing lead—ao
compuling load is being used by E2 to comrespond 1o marhematically
complev—mathematically simple usad by E1. This is a difference in
terminology corrssponding 1o a comelation in the real-world,

Each match can be examined in this way for each palr of expens 1o
determing levels of consensus and correspondence. Contrast
occurs when the experts use different terms and vocabulary in different
ways, showing that they have conirasting conceptual struciares. These
results suggest that K550 provides a facility for allowing exparts to
compare their understanding and to determine a level of consistency.
Whether the threshold criteria ars high enough w producs the required
level of knowledge-base performance or too high to reach the criterion
of completeness is a mawer for further study.,

Sludy 1 ol
E1 f8a.2
E2 §1.9
E3 82.2

Figure 16. Inims-subjective perspective consistency resulls (C).

Intra-subjective perspective consistency scores Cj are
displayed in Figure 16. These show whether the cxpert finds the mles
meaningful, and rates the rules as cormect or significant in the same way

as ihe ENTAIL {Gaines and Shaw 1986, Shaw and Gaines 1987)
82 1092, showing a high level of expectad



1264

rules appearing in the K530 output.  This indicates a good basis for
using the ENTAIL produced rules as input 1o an expert system shell,
A few of these rubes from E2 were shown in Figure 6,

§ CONCLUSIONS

K350 iz a knowledge support system providing an inteprated set of
teols for kmowledge acquisition, Elicit provides facilities for eliciting
the imporiant dimensions of an expert's thinking on a wopic;
Exchange extends this to shace entities and aurbutes belwean exparts
and elicit différences in perspective and terminology as well as
digagreements on the wopic. SOCIO processes results from several
experts 1o reveal the similarides and differences in the concept systems
of different experts, or the same experts &t different times, construing a
domain defined through common entliies or attribuies. 1t can be used io
fiocus discussion between experts on those differences betwesn them
which require resclution, enabling them to classify them in terms of
differing terminologies, levels of absoraction, disagreements, and so on.
It provides a framework for identifying consensus, correspondence,
conflict and contrast in a knowledge acquisition system with muliiple
cxperts.

Some preliminary studies have been reported on validating this
knowledpe support gystam, and messures have been put forward which
tease out differences in terminology between experts, and show the
content of this difference. To a knowledge engineer, it seems that if
experis talk about thedr wple of experiise in the same terms then they
mean the same thing, and if they talk in different terms thoy mean
dilferent things. However, it can be ssen from the results of this stody
that the knowledge engineer, user of the system, or even another expert,
may be mistaken. Thntxpmmnlea:lymuhnmad 1o disagresing
on terminology, a fact which may not always be made eaplicit. The
consistency megsura usad for inter-subjective agreement showed op the
divergence in use of terminology between the experts, but when used
for one expert alone for intra-subjective agresment gave much higher
valpes. This measure, then, shows a good range of discrimination
within cxperts and between experts. A similar rationale can be applied
in the constroed-by measures of inter- and intra-subjective
undersianding.
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