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SOME BASIC STRUCTURES IN INTERPERSONAL JUDGMENT

J. R. Adams-Webber
Brock University
St. Catharines, Ontario L2S 3Al

ABSTRACT

This discussion is concerned with several possible interpretations of
three basic proportions observed in a series of repertory grid experiments:
(1) people assign themselves to the positive poles of about 75% of
constructs, (2) they assign others to the negative poles of constructs
approximately 37% of the time, and (3) they also assign themselves and
others to the opposite poles of constructs about 37% of the time.
Implications of these findings, together with those of some related
repertory grid data, are elaborated within the framework of personal
construct psuchology and other models of interpersonal judgment.

INTRODUCTION

Personal construct theory, as formulated by George Kelly (1955) and
summarized by Adams-Webber (1984a), assumes that we commonly use
bipolar distinctions (termed 'constructs’), such as generous/stingy, to
evaluate our own behaviour and that of others. Kelly's (1955) repertory
grid test (described by Adams-Webber, 1984b) has played an integral role
in the development of this theory. It is essentially a complex sorting task
in which a list of people (‘figures'), which usually includes the self, are
categorized successively on the basis of several bipolar constructs. We
can either elicit a sample of ‘personal constructs’ from every subject
individually, or supply the same 'standard’ set of constructs to all
subjects alike. The data generated by each subject are entered into a
separate two-dimensional table, or 'grid’, in which there is a column for
every figure and a row for every construct. Each row-column intersect in
this grid contains either a "1’ or ‘0" indicating which pole of a given
construct was applied to a particular figure.

The structural analysis of repertory grid data to be discussed here
assumes also that all of the constructs in a given subject’s grid can be
mapped onto the fundamental distinction between positive and negative
(see Adams-Webber, 1982). For instance, generous designates behaviour
that typically is regarded as ‘positive’ in Western culture, and the opposite
pole of this distinction, referred to here as stingy, typically is considered
to be ‘negative’. Although, our model contains no general assumptions
about what kinds of behaviour will be evaluated positively or negatively in
any particular cuiture (see Rapoport, 1982), specific assumptions of this
kKind were made in many of the experiments that | will mention.

REPERTORY GRID ANALYSIS - § -



Given a repertory grid in which n figures (columns), including the self,
have been categorized dichotomously on the basis of m bipolar constructs
(rows), we can let Sp represent the number of constructs on which the
self is assigned to the positive poles (these are designated as Type 1
constructs), P the total frequency of positive judgments concerning
others, LS the overall frequency with which others are assigned to the
same poles of constructs as the self, LSP the frequency of positive
judgments concerning others when the self also is judged positively, USP
the frequency of positive judgments concerning others on constructs
where the self is assigned to the negative poles (these are designated as
Type 2 constructs), LSN the frequency of negative judgments about
others on the same (Type 2) constructs, and USN the frequency of negative
judgments about others on (Type 1) constructs where the self is positive.
If the values Sp, P and LS are specified, we can caiculate LSP, and then,
USP, LSN, and USN.

Since, by definition, P =L3P + USP and LS =LSP + LSN

It follows that, P+LS=2L5P +USP + L3N

Therefore, P+1S~-(USP+LSN)=2LSP
Since, LSP+USP+ISN+USN=m{(n-1)
and, LSP+USN=Sp(n-1)

By subtraction, USP+LSN=(m-SpXn-1)

By substitution, (P+LS)-{m-SpXn-1)=2LSP

Conclusion: LSP = 1/2 [(P+LS)-(m-SpXn-1)]
Under the 'nuil hypothesis’ that this grid may have been generated by a
purely random process, such as tossing an unbiased coin m(n) times and
recording a P for each head and a N for each tail, the expected values of
each of these indices would be as follows: Sp=m/2; P=LS =m(n-1)/2;
LSP =USP = LSN = USN = m(n-1)/4..

THREE HYPOTHESES BASED ON PREVIOUS FINDINGS

(1) P =5m(n-1)/8 {i.e., .625 m(n-1)}. The first experimental finding
that is relevant to this method of repertory grid analysis is that when
subjects categorize themselves and other persons dichotomously on the
basis of bipolar constructs such as generous-stingy, they tend to assign
other persons, on average, to the positive poles (e.g., generous)
approximately 62.5% of the time. This finding has been replicated by
several investigators, using elicited and provided constructs, with adults
and children of every age between 8 and 22, with English, French, and
Polish speaking subjects, in Canada, England, Poland, Trinidad and the
United States (Adams-Webber, 1978, 1979, 19853a; Adams-Webber &
Benjafield, 1973, Adams-Webber & Rodney, 1983; Benjafield &
Adams-Webber, 1975; 1976; Benjafield & Green, 1978; Benjafield &
Pomeroy, 1978; Leenaars, 1981; Marczewska, 1983; Rigdon & Epting,
1982; Romany & Adams-Webber, 1981).

(2) LS =5m(n-1)/8 {i.e., .625 m{n-1)}. Previous studies also have shown
repeatedly that normal adults exhibit a propensity to assign themselves



and others to the same poles of bipolar constructs about 62.5% of the time
(Adams-Webber, 1979, 1985a,b; Adams-Webber & Davidson, 1979;
Adams-Webber & Rodney, 1983; Benjafield & Adams-Webber,1975). We
have observed about the same relative frequency of 'like-self’ judgments
when subject characterize strangers, or either sex, just met for the first
time as when they describe parents and siblings (Adams-Webber, 1979).
Thus, degree of familiarity does not seem to be a relevant variable.
Furthermore, comparable results have been obtained when constructs were
elicited from each participant individually as when the same 'standard’
list of constructs was supplied to all subjects alike, or when they used
mixed sets of elicited and supplied constructs (cf. Adams-Webber, 1979).
(3) Sp = 6m/8 {i.e., .75 m}. Normal subjects appear to be somewhat more
generous in judging themselves than in judging others. Specifically, an
analysis of the repertory grids of 1,203 Canadians, ranging in age from 8
to 20, revealed that, on average, they assigned themselves to the positive
poles of 75% of constructs (Adams-Webber, 1985b).

SOME FURTHER IMPLICATIONS
(4) P =LS,
and, by substitution,
LSP + USP =LSP + LSN
Therefore, :
(5) USP = LSN
it follows that
(6) LSP =min-1)/2
Since,
2LSP = P +LS - {m-Sp)Xn-1)
2LSP = Sm(n-1)/8 + Sm(n-1)/8 - (m - 6m/8)Xn - 1)
2LSP = 10m(n-1)/8 - 2m(n-1)/8
2LSP = 8m{n-1)/8 = m(n-1)
LSP = m(n-1)/2
Also,
(7YUSN =m(n-1)/4
Since,
USN = Sp(n-1) - LSP
USN = 6m(n-1)/8 - m(n-1)/2
USN = eém(n-1)/8 - 4m(n-1)/8
USN = 2m(n-1)/8 = m(n-1)/4
Also,
(8) LSN = USP = m(n-1)/8
since, by definition,
LSN + USP = (m - SpX(n-1)
and, by substitution,
LSN + USP = (m - 6m/8)Xn-1)
LSN + USP = 2m(n-1)/8 Since,
LSN = USP - _



LSN + USP = 2LSN = 2USP
and, by substitution,
2LSN = 2USP = 2m(n-1)/8
Therefore,
LSN = USP = m(n-1)/8
It follows also that,
(9) LSP = 2USN = 4L5SN = 4USP
On Type ] construets (i.e., those on which the gelf has been assigned to
the positive poles) ather people will be allocated to the positive poles twe
thirds of the time As indicated previously, the number of Type |
constructs in any repertory grid will be Sp; and therefore, the total
number of judgments concerning others based on Type 1 constructs will be
Sp(n-1).
(10) 2/3 [Sp(n-1)] = LSP-
Since,
2/3(6m/8)Xn-1) = 12m{n-1)/24=m(n-1)/2 = LSP
On Type 2 constructs (i.e., those on which the self is assigned to the
negative poles) other peaple will be allocated to the positive (uniike-self)
poles half of the time, and to the negative (like-seir) poles half of the
time In other words, we tend to attribute what we perceive to be our own
negative characteristics to about half of our acquaintances; whereas we
attribute our perceived positive characteristics to a substantial majority
(about 67%) of our acquaintances. This suggests that we may regard
our own positive traits as defining the ‘norm’, while we do not consider
our own negative traits to be ‘deviant’ (since they are shared by half of our
acquaintances).
USP = LSN (5)
it follows also that about &OX of perceived similarities between self and
others are positive.
LSP = 4LSN (9)
Moreover, #OX of the positve characteristics that are attributed to
others are assigned also to the self (whereas only 67% of one's own
perceived virtues are attributed to others).
LSP = 4USP (9)
These considerations suggest that, in order to maintain a predominantly
positive image of the seif, we are prepared to be quite generous in our
evaluations of other people. It appears that we may be ready to 'give them
the benefit of the doubt’ so to speak much of the time, while we are even
more generous in judging ourseives.
in the context of this analysis, it would seem reasonable to speculate
further that a specific set of positive traits assigned to the gelf, which
are represented by the positive poles of Type | constructs, constitute a
normative ‘prototype’ on which we typically base our anticipations
concerning the behaviour of other persons. Within the specific framework
of personal construct theory, it would make sense to suppose that
comparisons in which others are iudged as sharing one's own perceived



virtues would provide the maximum. ‘'validational’ support for one’s
positive image of self . This line of reasoning seems to be consistent with
some related repertory grid findings. For instance, we (Adams-Webber &
Benjafield, 1973) have observed that subjects rank those constructs on
which the self and the majority of others are allotted to the positive poles
(Type 1) as "more useful for understanding people” than constructs on
which the self and approximately half of their acquaintances are assigned
to the negative poles (Type 2), and that subjects rate both themselves and
others more definitely (i. e., extremely) on Type | constructs than on Type
2 constructs, indirectly suggesting that the former dimensions are more
‘meaningful’ to them (see Adams-Webber, 1979).

ALTERNATIVE HYPOTHESES

Interestingly, ‘positivity bias’, which is so ubiquitous in interpersonal
judgment research, does not manifest itself at all in terms of Type 2
constructs. For example, Boucher and Osgood's( 1969, p.1) ‘Pollyanna
hypothesis’ asserts that there is an universal tendency to use E+ words
(i.e., those with evaluatively positive connotations) more frequently,
diversely and faciley than E- words"; or as Osgood and Richards (1973;
p.410) put it, “there is a universal tendency to communicate about the
positive aspects of life”. This suggests that, as Deese (1973) notes, "we
are all natural optimists.” Thus, the Pollyanna hypothesis predicts
generally that people will apply the positive poles of constructs to their
acquaintances more frequently than the negative poles (Warr, 1972; Eiser
& Mower White, 1973). As we have seen, however, this expectation holds
only for Type | constructs, since the positive and negative poles of Type 2
constructs are applied to other people equally often. Indeed, this finding
may provide the most convincing rationale for differentiating between
Type | and Type 2 constructs in the first instance.

Type 2 constructs could be problematic for us simply by virtue of the fact
that they represent negative characteristics assigned to the self. For
example, we have found that the proportion of Type 2 constructs increases
significantly when normal subjects role-play depression and other
dysphoric moods ( Adams-Webber & Rodney, 1983). This is consistent with
repertory grid data collected from clinically depressed psychiatric
patients (Ashworth, Blackburn & McPherson, 1982; Space & Cromwell,
1980; Space, Dingemans, & Cromwell, 1983). Thus, it seems intuitively
plausible that uncertainty (defined as H) is maximal in terms of these
constructs. |t may be worth noting that Kelly (1955) defines the concept
anxiety in terms of confusion and uncertainty. From a cognitive
standpoint, Type 2 constructs may be problematic in that they represent
experience that does not ‘fit’ the normative prototype defined by Type |
constructs, and which is, therefore, relatively unpredictable.

The hypothesis that Type 2 constructs may have a lower priority in
interpersonal judgment than Type | constructs is consistent with findings
that the former are rated by subjects as less “"useful for understanding



peopie”, and that seif and others tend to be rated less definitely (i.e,,
extremely) on them (Adams-Webber & Benjafield, 1973). It would appear
as if most people were willing to acknowledge that they do indeed
recognize a few negative traits in themselves; however, the same negative
characteristics are exhibited by about half of their acquaintances, and
therefore, they hardly can be regarded as ‘deviant’. Moreover, these
particular negative traits seem relatively unimportant in evaluating
people; and furthermore, they cannot be judged very definitely. These
kinds of considerations could make it rather easy for us to discount the
importance of most of our perceived 'faults’. Nonetheless, Type 2
constructs may remain somewhat problematic in so far as they become the
focus of maximum uncertainty, and perhaps anxiety.

The general hypothesis that Type 2 constructs are used to structure
negative impressions of the self suggests the possiblity that subjects may
have, at least implicitly, an intuitive understanding that these specific
constructs are relevant to unpleasant personal expriences.This couid
explain why the proportion of this type of construct increases in repertory
grids when normal subjects are asked to role-play depression and other
dysphoric moods (Adams-Webber & Rodney, 1983). Although it is
mathematically possible for the self to be shifted from the positive to the
negative poles of as many as 75% of the constructs in a grid without any
necessary changes in the relative frequency of either positive judgments
of others or like-self judgements, this is not what has been observed
empirically. Instead, when the proportion of positive judgments
concerning the self declines, there are corresponding decreases in the
relative freguencies of both like-self judgments and positive judgments of
others. This suggests that shifting the self from the positive to the
negative pole of any given construct will transform it into a different kind
of dimension altogether, that is, from a Type 1 construct, which has a
certain set of characteristics that | have outlined previously, to a Type 2
construct, with the opposite set of characteristics.

There have been several attempts to explain the finding that people tend to
apply the positive poles of constructs to others approximately 62% - 63%
of the time. For example, Lefebvre (1985) proposes that if we were to
assume g prior7 that subjects actualize certain mechanisms of choice
prescribed by his computational model of ethical cognition, "then the
existence of this constant is explained.” In repertory grid terms, he
defines the ‘ethical status' of any particular figure (column) as the
proportion of positive poles of constructs assigned to it. inarecent
paper, he demonstrates through strict mathematical deduction that, under
a rather broad set of assumptions, his computational model predicts that
the average ethical status of figures other than the self in repertory grids
will be .625. When a somewhat more constrained set of conditions are
assumed to obtain, then the predicted value becomes .618. You can refer to
Lefebvre (1985) for a formal description of this model and all the

retevant derivations and proofs. LN




An aiternative interpretation formulated by Benjafield and Adams-Webber
(1976), called the ‘golden section hypothesis’, predicts that the proportion
of others assigned to the positive poles of constructs will be (5” 2
-1)/2, which works out to approximately .618. Pythagoras, the
presocratic mathematician and philosopher, developed a compiex system
of numbers and abstract geometric forms to which he and his followers
ascribed great moral significance (cf. Wheelwright, 1966). A central
concept in this system is the 'goiden section’, which is constructed by
dividing a line segment AB by a point C in such a way that the ratio AC:CB
= CB:AB. If we assume that the entire line is of unit length, and let CB =
g, then AC = 1 - g. [t follows that 82+ - 1 =0. When we solve this
equation for g, we find that its positive root is equal to (5!/2 - 1)/2.
The ‘golden section’ has had a ubiquitous influence on Western science and
art. The Greeks based much of their art (e.g, the statues of Phidias) and
architecture (e.g., the front of the Parthenon) upon it. This proportion
occurs fregquently in the patterns of growth of piants and animais
(Bateson, 1979). Many European painters, including Piero della Francesca,
Bellini, Poussin, Vermeer and Seurat, have proportioned their canvases on
the basis of the ‘golden section’. At least since Fechner (1876),
psychologists have studied the aesthetic properties of this proportion. For
instance, Fechner, himself measured many common rectangles, including
windows, playing cards, book covers, and writing pads,showing that their
proportions were often close to 1:8 This suggests the possibility that
people may assign others to the positive poles of constructs about 62% of
the time for ‘aesthetic’ reasons (see Benjafield, 1983).

Benjarield and Green (1978) hypothesize further that people employ a
‘Fibonacci decision rule’ in formulating their positive and negative
judgments of others in repertory grid tasks. According to this rule’, the
number of negative judgments, the number of positive judgments, and the
total number of judgments “are always, at any stage of the process, three
successive terms of the Fibonacci sequence: 0,1,1,2,3,5,8,13,21..Each
further term in this sequence is the sum of the two previous terms...the
ratio between any two consecutive terms of the sequence is an
approximation to @, an approximation which improves as the numbers
increase. Thus, this is a simple process which if used by subjects in a
repertory grid task, would tend to produce two classes of acquaintances
in the golden section ratio (p. 29)". Thus, their hypothesis could explain
the finding that people tend to assign others to the positive poles of
constructs about 62% of the time. For example, the results of an a2 por7or/
simulation of the hypothesized judgment strategy was impressively
consistent with the outcome of a rather complex repertory grid
experiment in which they varied systematically the proportion of figures
with positive and negative valences. On the other hand, it is not clear
that their hypothesis can be extended to explain the other repertory grid
findings that | have mentioned.

-1



Benjafield and Adams-Webber (1976; see Adams-Webber, 1979, 1982)
suggest that their 'golden section hypothesis’ describes a strategy for
applying the positive and negative poles of constructs to persons that may
be optimal from the standpoint of allowing our negative judgments to
stand out maximally as ‘figure’ against a general background of positive
judgments. Frank (summarized by Berlyne, 1971) operationally defines the
‘strikingness’ (salience) of any category of event in terms of two of its
properties: its relative frequency of occurrence (p), and its informational
content, defined as - log(2) p. His specific index of ‘strikingness’ is the
product of these two values, i.e., -plog(2) p. As Berlyne (1971, p. 232)
points out, this expression reaches its maximum value whenp = 1/e,
which works out to approximately .368. He notes that this value is quite
close to the minor element of the ‘golden section’ (.382); and he suggests,
in the light of this relationship,- that the ‘golden section’ may derive its
aesthetic appeal from the fact that it "allows the minor element to occupy
that proportion of the whole that makes it maximally striking (Berlyne,
1971; p. 232)". Benjafield and Adams-Webber (1976; p, 14) speculate, on
the basis of Berlyne's 'strikingness hypothesis’, that when we assign
other people to the negative poles of constructs about 37% of the time,

we thereby render our negative judgments, considered as a whole,
maximally striking as ‘figure’ against a dif fuse background of positive
impressions. Interestingly, the proportion of negative judgments specified
in the structural model that | have described is .375, which is actually
closer to 1/e (.368) than is the minor element of the ‘goiden section’
(.382).

Similarly, when Frank’'s operational defintion of 'salience’ is applied to
the observed distribution of like-self versus uniike-self judgments in
repertory grid data, it implies that subjects may organize their
impressions of themselves and others on the basis of bipolar constructs in
such a way that perceived differences between self and others will stand
out as maximally salient against a diffuse background of perceived
similarities (cf. Adams-Webber & Davidson, 1979). It should be noted aiso
that, regardless of what specific mechanism produces a relative frequency
of either negative judgments about others or unlike-self judgments of
approximately 37%, for example, either Lefebvre's (1985) ‘automatic
inner computer’ or Benjafield and Green's (1978) ‘Fibonacci decision rule’,
the result would tend to render both kinds of judgment maximally
‘striking’ according to Frank's hypothesis.

Finally, we should give some consideration to the fact that ail the
hypothesized values are somewhat more precise than any of the actual
findings reported to date. For example, the relative frequencies of positive
judgments of others and like-self judgments observed in repertory grid
experiments with normal adults have ranged from .60 to .64 under a
variety of different conditions, with standard deviations between .06 and
.11. Results averaged across experiments, however, do tend to converge
on a fairly narrow range of values (between .62 to .63). Assuming a



certain amount of measurement error, which shouid ‘average out’ across
experiments, the predictions of each model seem to ‘fit’ the findings
fairly well. It perhaps is worth mentioning aiso that the function - p logp
is quite 'flat’ in the vicinity of its maximum value, and therefore,
relatively small deviations of p from the value 1/e, such as .375, will
involve very little loss in 'strikingness’ as operationaily defined by Frank.
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ABSTRACT: Although the bulk of Artificial Inteiligence (Al) theorists
concentrate on the construction of computer based inteiligent artifacts and
agents, others - with a “"theoretical psychology” orientation - focus on
building improved models of human thought. A variety of approaches ( e.g,
rational, behavioral, intuitive, or evolutionary) focus on different variabies
and address limited domains. In contrast Kelly's Personal Construct
Psychology offers a richer set of concepts on which to build a general
model of knowing based on "subjectively construed” validations.

INTRODUCTION

"..the single worst problem in the field of modeling at present is the
inexperience of modelers in examining their own assumptions, realizing their
lack of objectivity and understanding the relative strengths and weaknesses
of their methods.( Meadows 1982, p. 217)

A model is supposed to be sim/i/ar to but simp/er than the phenomena or
domain it represents. In modeling human thinking not only have we settled
for simplicity, but for a cavalier simplicity, one uncritical or unaware of the
powerful presuppositions on which it rests. But rarely do any of us
conscientiously examine our own assumptions so we can ill afford to be
seif-righteously critical of those who assume that our thought processes
work in a manner similar to the predicate calculus; or similar to |F-THEN
production systems; or neatly like niave set theory, or subjective utility
theory; or that we solve puzzles the way rats do?

We use our models then, not because they are objectively valid, but because
they "work™. Certainly, when viewed with the benefit of hindsight, they
work only as conceptual stepping stones, or as special limiting cases, but
nevertheless they once passed, or still pass, some similarity/simplicity
test . Such models met some implicit and explicit "goodness-of-fit”
judgments made by their proponents , no matter how degraded that
isomorphism subsequently appears after the fact, or when viewed from an
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enlarged perspective which is typically the unacknowledged beneficiary of
earlier false or too simple starts.

KELLY IN A MODERN CONTEXT.

Kelly saw “goodness-of-fit" between our models and our observations as
based on subjectively construed abstractions or representations of
experience:

"Validation represents the compatibility (subjectively construed)
between one’s predictions and the outcome he observes. invalidation
represents incompatibility (subjectively construed) between's one's
predictions and the outcome he observes”. (Kelly 1955, p. 158).

What are the chances of such a subjectively anchored construing process
producing valid knowledge? Various students of the philosophy and history of
science agree that our knowledge is contingent on the limited sub-set of
representations and inference rules we use:

“...the fallibility of reasoning is guaranteed both by the impossibility of
generating unassailable propostions from particular facts, and by the
tentative and theory-infected character of the facts themselves. Second, the
principle of ‘no conclusions without premises’ puts forever beyond reach
normative statements...” (Simon 1983, p. 6).

While many scholars echo Simon's theme that absolute validations or
“certainty” lies beyond our grasp (Kuhn 1970, Popper 1974; Miller 1978;
Campbell 1986), still, they disagree how far beyond our grasp such certainty
lies. These differences range from Popper's optimism (1970), through Kuhn's
relativism (1970), to Collins' nihilism (1981a, 1981b). Also, like Kelly
before them, these scholars acknowledge the significant role played by
anticipations and preconceptions in knowledge building and maintenance,
although they disagree over the ratio of subjectivity to objectivity that
forms the foundations of our "knowledge”.

We believe Kelly's veiwpoint, supplemented by those of current thinkers,
provides helpful guidelines for approaching the subjectivity-objectivity
debate. As noted earlier, for Kelly the foundations of human thought, and
knowledge, rest on subjectively construed goodness-of-fit between
anticipations and abstracted representations of experience. How might such
anticipations and subsequent abstracted feedback interact to produce
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different kinds of knowledge: knowledge, on the one hand, that approximates
"objective truth” a 1a Popper's anticipations and, on the other hand,
knowledge that essentially reflects the anticipations of the observer, that
approximates socially constructed truth a la Kuhn's anticipations?

ABSTRACTING MECHANISMS

Kelly's model of construing based on subjectively matching abstracted
representations of events against anticipations and assumptions is reflected
in the current literature:

"...a universe comes into being when a space is severed and taken apart”.
(Brown 1969, p. V).

"...our computational scenarios, for all their guantitative detail, are only
computing the consequences of the assumptions we have made according to
the rules we have built in." (Gaines 1984, p. 92).

"...the representation of an object as a collection of features is viewed as a
product of a prior process of extraction and compilation.” (Tversky 1977, p.
329).

Thus, combining Kelly's key concepts with those of current scholars, we
generate the working hypothesis that we construct reality (knowledge) by
computing the consequences of our assumptions and anticipations. In this
construction we use severed and extracted fragments and representations of
experience - explicitly and implicitly edited to fit our expectations. Popper
assumes that under certain conditions such constructions will approximate
"objective truth®, while Kuhn believes they will strongly reflect "tribal”
assumptions, paradigms, and biases, and that objective truth logically and
empirically lies beyond our reach.

Kelly's theory can accomodate both Popper’s and Kuhn's view by providing for
graded degrees of isomorphism between "subjectively” and "objectively”
construed goodness-of-fit, ( e.g., relatively high isomorphism in artificial and
small world domains, and relatively low, or indeterminate, isomorphism in
large worlds).

Extracting and Compiling "The Truth®

For illustrative purposes we can conceive of a purported knowledge structure,
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in a severed domain, as a correlation between two extracted variables X and
Y, with feedback of postive and negative instances or representations
influencing our confidence in that relation - as validating or invalidating our
anticipations through Kelly's subjectively construed goodness-of-fit
criteria. For example we can assume the following "if-then” decision rule for
a class of binary choices where the possible outcomes are indicated in

Figure 1:
2
False Pasitive
Success Negatives Hits
Yc
. Negative False
Failure Hits Positives
3 4
Reject Accept
(take action B) (take action A)

Figure 1: Extracted Feedback

if x 2 Xc accept (e.g.,, choose action A)

if x <Xc reject (e.g., choose action B)

if y 2 Yc success (e.g., code as validating assumed relationship)
if y <Yc failure (e.g., code as invalidating assumed relationship)

If there is a strong "objective” relationship between X and Y we would expect
a large number of positive hits (cell 2), and negative hits (cell 3), while
expecting relatively few false positives (cell 4), or false negatives (cell 1).
To obtain reliable estimates of an "objective” relationship between X and Y
rationally requires reliable empirical feedback on the data falling or edited
into all four cells, as discussed by Estes 1976a, & 1976b.

Such conditions would presumably produce approximate “objective truth” in
Popper's. sense. Notice such conditions are essentially limited to laboratory
or small world domains where artificial severences, extractions and
compilations are conducted under highly controlled conditions. It is relative
truth, relative to the artificial or arbitrary time/space severences,
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representations, compilations, and particularly relative to the
“success/failure” criteria employed by the particular anticipators or
knowledge seekers.

But if we seek a general model of construing, one applicable to large as well
as small worlds, we must meet large world conditions. For example, in large
worlds we rarely, if ever, have access to data in all four cells of Figure 1,
and so fail to meet the rational/empirical conditions of validating or
invalidating the predicted XY relationship. So not only must we rely on
extracted and compiled fragments (representations or abstractions) as is the
case in laboratory or artificial worlds, but we aiso lack access to feedback
from two of the four cells - feedback necessary for “objective” validation of
anticipated or hypothesized relationships. How then can we continue to
construe, with relative confidence, large worlds offering such impoverished
feedback? We suggest that Kelly's notion of "subjectively construed”
goodness-of-fit provides the basis for a general model of knowing.

Abstracting and Compiling Knowledge From Degraded Feedback

We require a model that provides for confidence (subjectively construed
validation) in various knowledge structures, particularly those based on
feedback from limited and degraded data or representations - e.q,,
impoverished feedback available from only haif the cells (cell 2 and cell 4) of
the tradititional four-cell rational/empirical model of validation.

Einhorn and Hogarth (1978) develop such a model under the assumptions that:
a) cell 1 and 3 data are typically either unavailable or ignored (avoided); and
b) outcomes are typically coded as frequencies rather than as probabilities.
They then propose that confidence (C) in a relationship - subjectively
construed validity - is related to feedback (F):.

C=1(F)

and that (F) in turn is a function of the weighted difference between postive
feedback (np) and negative feedback (nf):

F =B1(np) - B2(nf)

where the coefficients B1 and B2 reflect the relative reinforcing values -
benefits and costs - of cell 2 positive hits on the one hand and cell 4 false
positives (negative feedback) on the other, and where B1 + B2 = 1.0 (B1, B2 2



Einhorn and Hogarth propose that since the positive hit rate is greater than .5
in many situations (e.g. unconditional probablity), to yield a significant
negative feedback (F < 0) the B2 coeficient must be greater than .S (e.g, B2
must be greater than B1). Thus, to discredit highly anticipated XY relations
negative feedback must generate higher detectable penalties or costs than
positive feedback generates payoffs or benefits. Therefore, to invalidate or
reduce confidence in the given relationship the negative feedback from cell 4
must impact on the construer or expert with high negative saliency. The false
positives must generate penetrating contrasts (Kelly, 1955), or high negative
surprise values (Gaines & Shaw 1985).

In brief we propose that experts extract and compile similarities and
contrasts (subjectively construed) from their representations of experience
(e.g. cells 2 and 4) in order to construct, maintain, extend, and refine their
predictions or anticipations.

Next, within this feedback model of confidence or validation, we discuss
some of the conditions which would enable bounded rationality experts,
working as they must with severed and abstracted fragments of experience,
to generate and maintain subjective validation in their fallible knowledge
constructions.

DOMAIN STRUCTURE AND CONFIDENCE

First, we would expect high confidence or subjective validation where the
experts possess valid knowledge of a strong XY relation, and ready access to
all four feedback cells enabling them to extend and refine that knowledge.
Such would be the case within art/77c/a/ domains involving representative
samples, effective controls or control groups, reliable criteria of success
and failure, and replicable if-then procedures. This represents /nternal
validity in the traditional, rational/empirical model of science, albeit a
model under revision by Popper, and under critical appraisal by Kuhn.

Second, we would expect high confidence in certain smail worlds. Simon
(1983 p. 23 ) proposes that for practical purposes that even in large worlds
"...not everything is closely connected to everything eise..problems can be
decomposed into their components..” so that bounded rationality experts can
extract some valid knowledge structures - the result of quasi-stable
interaction effects between our probes and detector systems, on the one hand,
and domain structure, on the other. In other words there is sufficient stable
structure in selected time/vector frames or severences to enable us to
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generate reasonably reliable predictions, as we do in some non-experimental
sciences like astronomy, even without access to all four cells of the
rational/empirical validation model. The contrasts and surprises which
arise (e.g. feedback from the satallite space probes) while forcing “local”
revisions do not threaten our general confidence in this particular knowledge
structure, at least so far.

We suggest, however, that the artificial and "natural isiand” domains
discussed above represent an infinitesimal fraction of our high confidence,
subjectively validated, knowiedge and further assume that most domains
offer us rich opportunities to generate “knowledge” which on the one hand is
either invalid or of indeterminate validity, and on the other hand is highly
functional. It is functional in the sense of serving as a powerful decision aid
in engaging the future, and as a convincing explanatory model for "managing”
feedback - compiling positive instances and discounting negative ones that
penetrate professional, institutional, or tribal defense mechanisms.

INVALID, INDETERMINATE, FUNCTIONAL "KNOWLEDGE"

High confidence can be generated from positive feedback, whether such
feedback mainly flows from domain structure, or is mainly constructed or
creatively construed by the “expert®. The following common, large world
conditions all favour the manufacture of functional yet invalid or
indeterminate knowledge, in which experts can generate and maintain high
confidence, or a sense of high personal and “professional” validation.

Positive Unconditional Probabilities

Construers readily generate subjective validation through positive feedback
in domains where the unconditional probablity of successful outcomes is high
almost regardless of the knowledge they possess or the actions they take.
Medical practicioners serve as familiar exampies where folk expressions
acknowledge highly favourable base rates: " The doctor keeps the patient
occupied while nature effects the cure”, or "without treatment a cold lasts
for two weeks, whereas with treatment it only last fourteen days”.

But not only do professionais benefit from “occupying” benign and buffered
domains, so too do most of us living in such geo-political severences as the
United States, or Canada, which offer unconditional probabilities of “success”
on many dimensions compared, for example, with base rates in Bangladesh.
Not only do professionals inhabit relatively benign domains, but so too do
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those working in government, university, or large corporate settings.
Occupying such positions drastically reduces the probability of "runs” of
negative feedback, and increases the probability of “success” on many
dimensions more or less unrelated to knowledge, or effective action, ina
rational/empirical sense. Feedback from a shrivelled cell 4 is improbable,
and even when it occurs is buffered and muffled by entrenched “professional”
and institutional defense mechanisms, or high cost and prolonged grievance
procedures.

The "success rate”, the confidence, the subjective validation, experienced by
this large group of "experts” is, according to the degraded feedback model,
more a function of where they practice (domain occupancy), rather than it is
of what they know (valid domain knowledge).

Delayed Multi-Dimensional and Fuzzy Feedback

Not only do domains differ in their base rates of unconditional probabilities
of success but they also differ in the Zype and the Z/ming of positive and
negative feedback. Thus, where feedback is delayed, muiti-dimensional,
and/or fuzzy, the goodness of fit between anticipations and results can be
subjectively construed in wonderous ways - can be edited to fit the explicit
and implicit anticipations of the construer, or his or her constituents.
Consider the following "knowledge” construction mechanisms based on
subjectively construed criteria.

1) Some experts implicitly "time-frame” domain feedback to capture and
compile positive feedback, thus making the encoding of cell 2 successes, and
the exclusion or reduction of cell 4 negative feedback, “manageable”, at the
same time maintaining or raising confidence in their anticipations or models.
For example, abstracted and compiled exemplars, prototypes, and
testimonials in medicine, mineral and oil explorations, stock market coups,
executive “success” , etc., represent implicit temporal extractions or
time/vector "frame ups” by sincere experts. Such subjective validations
frequently involve extracting and claiming credit for what are spontaneous
regressions toward the mean in processes demonstrating periodic negative
variances, or claiming to have “engineered” what are essentially randomly
generated “successes or finds". Techniques for estimating marginal gains
over base rates rarely occupy a significant place in the armamentarium of
experts - by their scarcity perhaps representing implicit conceptual or
professional defence mechanisms (Minsky 1983).
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2) Also, within time-frame severences, in domains where the feedback is .
delayed, multi-dimensional, and/or fuzzy, experts can encode positive
“proxies”, and discount negative ones. In other words they can implicitly and
explicitly manipulate sub-sets of Yc criteria of success (Figure 1) so as to
enlarge cell 2 and shrink ceil 4 feedback (e.g., “the patient died but the
operation was a success”; or by noting that “ there are increasingly positive
signs of oil bearing formations®, or by using other extracted and compiled
"proxies of progress”.

3) If, after applying or misapplying the above noted implicit, and explicit,
enhancing and protective encoding mechanisms, experts still are faced with
a salient rate, or {ype, of cell 4 negative feedback, they can then implicitly
and explicitly start fine-tuning the independent variables of their model.
That is they can persistently manipulate the multi dimensional variables of
the Xc "treatment” contstruct (Figure 1) by focussing on any of

an infinite number of possible permutations and combinations. Periodic and
spurious “successes” will serve to maintain, or re-establish, confidence in
the superordinate Xc construct as the experts "safely” adjust subordinate
dimensions. Such protective tuning can be conducted in any space: semantic;
syntactic; and/or pragmatic.

For example, experts operating primarily in semantic space will implicitly,
and explicitly, tune their operating procedures (e.g., a bit more of the drug,
starting earlier in the day, with a low protein diet, etc., or in oil exploration
drill a bit further north; a bit deeper; on a slight angle.; etc; etc.,). The
critical premises are the implicit hidden-hand editors because they cut the
infinite number of potential permutations, and combinations, down to a size
that the explicit premises and technologies of the bounded rationality expert
can safely "manage”.

Those experts operating primarily in syntactical space, will tune different
permutations and combinations of their algorithms, syntax, or model
dimensions. In addition they can further launder their prototype

semantic represenations to increase goodness of fit. Furthermore, analysts
can emphasize "in-house” criteria like elegance, simplicity, consistency, etc.,
and so implicitly and explicitly protect Yc criteria from embarrassing
semantic intrusions, thus establishing increasingly artificial and protected
syntactic islands. But as with the semantic expert, it is the anchored,
superordinate constructs or premises that reduce the search, choice, and

tuning space to mind size.



Finally, experts operating in pragmatic space, will focus on different
permutations of various dimensions of their phenomenoiogical
representations of "reality”, again with superordinate pragmatic premises,
automatically bounding and priorizing the space. For example, if the seilf
construct is at the top of the pragmatic construing tree, then protecting it
from sailient and negative feedback would presumably be the top-priority
meta-heuristic, resulting in implicit Yc and Xc tuning. The "image broker”
must first "find” robust, high-level images of oil, or money, or hope, or
power in his own mind (pragmatic space). Such automatic priorizing and
encoding mechanisms, suppliemented by rational/empirical ones, extract and
compile tolerable positive/negative feedback ratios, but particularly serve
to avoid salient negative instances (e.g., via buffering and shrinking cell
four), and serve to discount negative feedback that does slip, or barge,
through, via automatic damage control and garbage disposal systems. The
metaphore is that of a wired in pragmatic "immunological” system.

In brief, experts locate/construct islands where they extract and
compile a "knowledge” space which they can maintain and tune with
confidence, whether or not, “in the long run”, the knowledge structures so
produced are judged to be discoverd, manufactured, or imagined.

Summary

Kelly's notion of validation through subjectively construed

goodness-if-fit criteria, between anticipations and feedback, can be applied
to artificial and small worlds, as well as to large worlds. For in all these
domains the criteria involve highly abstracted and edited representations of
domain structure.

In artificial and small worlds the subjectively construed validations
presumably approximate the “objective” structure of the severed,

simplified domain - as estimated by applying the popuiar rational/empirical
criteria of the profession or “tribe”. In large worlds, involving
multi-dimensional, and /or delayed feedback, the subjectively construed
"knowledge” can serve as functional though invalid representations of domain
structure. That is, such "knowledge” can serve as :
powerful decision aids, and as bases for social and professional
communication and coordination, even though subsequently it is judged to be
invalid, or of indeterminate validity. We conclude that Kelly's Personal
Construct Psychology provides a promising, but relatively neglected,
foundation for building models of thinking and knowing applicable across a
variety of domains. 24—
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NeoETS: Capturing Expert System Knowledge in Hierarchical Rating Grids
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ABSTRACT

Eliciting problem-solving information
from a human expert (a form of knowledge
acquisition) is a major problem when
building an expert system. A new version
of the Expertise Transfer System-has been
constructed  (NeoETS) that  uses
hierarchies and rating grids with multiple
variable types to represent knowledge.
NeoETS interviews experts for knowledge
using techniques from Personal Construct
Psychology and helps them analyze, test,
and refine the knowledge. Expertise from
multiple experts can be represented and
used separately or combined. Problem
consultations are run by propagating
information from rating grids through
hierarchies. Assistance is given to the
expert by a dialog manager that embodies
knowledge acquisition heuristics.
Knowledge bases for several expert system
shells may be created from the knowledge
in NeoETS.

Background information is presented, the
knowledge elicitation and representation
concepts are described, portions of a
sample interview transcript for a
Programming Language Advisor are
presented, and the advantages and
limitations of the methodology are
discussed. NeoETS contains many
techniques and tools for expertise transfer;
several of these are illustrated. The
techniques combine to make NeoETS a
powerful testbed for rapidly prototyping
portions of many kinds of complex expert
systems.

PROBLEM

The Expertise Transfer System (NeoETS)
and its predecessor (ETS) have been in use
in Boeing for over three years. More than
500 prototypical knowledge-based systems

have been generated by ETS. The system
interviews experts to uncover vocabulary,
conclusions, problem-solving traits, trait
structures, trait weights, and
inconsistencies. It helps construct very
rapid prototypes (typically in less than two
hours), assists the expert in analyzing the
adequacy of the knowledge for solving the
problem, and creates knowledge bases for a
number of expert system shells (S.1, M.1,
OPS5, KEE, ete.) from its own internal
representation (Boose, 1985, 1986).

Due to several limitations, ETS is usually
abandoned  sometime during the
knowledge acquisition process. Typically it
is used to explore project approaches and
assess feasibility for several days or a
week, and then development continues in
some other expert system shell. While the
use of ETS saves substantial time when
used in this way (typically one or two
calendar months from a 12 to 24 month
Boeing project development time) it would
be desirable to make ETS more powerful by
overcoming some of its limitations.

ETS stores problem-solving knowledge in a
rating grid (see Figures 1 and 7). Problem
solutions - elements - are elicited and
placed across the top of a grid, and solution
traits - constructs - are listed down the side
of the grid as bipolar scales. Traits are
elicited by presenting groups of elements
and asking the expert to discriminate
among them (this is illustrated later). Each
element is given a rating by the expert
showing where it falls on the trait scale.
The interviewing techniques used in
building a rating grid are based on ideas
from George Kelly’'s Personal Construct
Psychology (Kelly, 1955; Gaines and Shaw,
1981; Shaw and Gaines, 1986). ETS can
analyze a rating grid in a number of ways
to help the expert refine its problem-
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solving capability. It makes production
rules from the ratings in the grid that are
then used to drive end-user consultations
where the knowledge is tested for necessity
and sufficiency.

Single rating grids are a fairly weak form
of knowledge representation. Although
they may be derived quickly, they lack
precision and depth:

1. A single rating grid can only
represent “flat” relations between single
elements and traits. No deep knowledge,
causal knowledge, or relationship chains
may be shown.

2. Only elements or traits at the same
level of abstraction may be used
comfortably in a single grid. Mixing of
abstraction levels leads to problems
when using the grid to make decisions
(Boose, 1986).

3. Complex problems may only be
represented in relatively large grids;
large grids are difficult for the expert to
manipulate and comprehend.

4. Building hierarchies with multiple
experts, several reasoning strategies,
and multiple domain models cannot be
represented within a single grid.

5. It is inconvenient to represent certain
types of problem-solving variables as
bipolar traits. Unordered variables (such
as a set of computer types) must be
represented as a series of bipolar traits
(VAX / NOT-VAX, IBM / NOT-IBM..,)
when it would be easier to to combine
them into a single trait (a COMPUTER
trait whose values are VAX, IBM, and so
on).

6. ETS only reasons with ratings on a
scale from 1 to 5, not exact numeric
values (e.g., dollars or temperature).

APPROACH

NeoETS attempts to
limitations:
1. By helping experts structure
knowledge into solution, trait, expert and
case hierarchies. These hierarchies allow
the expert to break up complex problems
into chunks of convenient size and

overcome these

similar level of abstraction.

2. By allowing traits to take on unordered
or exact numeric rating values when
appropriate.

Hierarchical representation and reasoning
will be described first, followed by a
discussion on value types. Then an
annotated session typescript for a
Programming Language Advisor will be
presented.

Knowledge in Hierarchies

In eliciting knowledge for complex
problems it is sometimes difficult for the
expert to identify conclusion sets whose
members are at similar, useful levels of
granularity. For instance, in an engine
diagnostic system, the expert may include
the elements “engine,” “battery,” “ignition
coil,” and “electrical system.” “Engine” and
“electrical system” are at different levels of
structural and functional abstraction (they
are more general) than “battery” and
“ignition coil.” Mixing more general and
more specific elements in the same rating
grid causes problems during trait
elicitation, since those traits that are
useful in differentiating “engine” from
“electrical system” problems will not
necessarily be those that are useful in
discriminating “ignition coil” from
“battery problems.”

A system for knowledge acquisition should
allow experts to represent and reason
about elements and traits at appropriate
levels of generality. Hierarchies are used
by NeoETS to represent rating grids at
varying levels of abstraction. They are also
used to break wup problems into
subproblems.

Nodes in the four hierarchies combine to
form rating grids. In the most simple case,
the children of a node in a solution
hierarchy supply the elements along the
top of a grid; the children of a node in a
trait hierarchy supply the traits down the
side of a grid. Rating values within the grid
provide information about the solution
with respect to each trait (see Figure 1).

Solution  hierarchies. Solutions are
grouped into specialization hierarchies
within NeoETS. This structure aids
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LANGUAGES LANGUAGE-TRAITS

ADA UISP PROLOG COSOL FORTRAN l ATTITUDE  AVAWLABILITY APPL AREA

TRAITS

SOLUTIONS (stements)

Scale: 5/1
1, ATTITUDE
Symbolic/ Numeric
2. AVAILABILITY
Widely avaii. / Not widely avatl.
3. APPLICATION AREA
| 8

t 5511
t1145
4 5515

L | LORTRAN
cosoL
ROLOG

ADA

Figure 1. Rating values in different hierarchies
combine to form rating grids. The children of a
node in a solution element hierarchy supply the
elements along the top of the grid; the ¢hildren of a
node in a trait hierarchy supply the traifs down the
side of a grid.

experts in organizing large numbers of
solution elements that may exist at
different levels of abstraction. For
example, a solution class named “vehicle”
is a superclass (parent) to “car” and “truck”
subclasses. The “car” class can serve in
turn as a parent to a class of specific car
models or to a particular instance of an
automobile. NeoETS can exploit this
hierarchical structure by examining
solution superclasses during consultation
testing before considering more specific
solution hypotheses.

Trait hierarchies. Characteristics of a
particular level in the solution hierarchy
can be structured in trait hierarchies. In a
knowledge base for a Travel Advisor, the
solutions exist in hierarchies of various
places to visit. Each level in the solution

e “ "\M\

D0
TRAITS

\ N

o

SOLUTIONS

EXPERTS [ L4 CASES

Figure 2. Values from expert and case hierarchies
as well as solution element and trait hierarchies
may be combined in many ways to form rating
grids. Relationships between nodes do not have to
be strictly hierarchical; lattices may be formed
when more than one parent points to the same
child.

hierarchy has its own trait hierarchy that
contains whatever information is needed to
select solutions at that level. A trait
hierarchy attached to the “country” level of
a solution hierarchy may contain
information pertinent to language,
exchange rate, ease of obtaining visas, and
so forth for the countries in the hierarchy.
The *“Canada” subclass of country is
attached to a Canada trait hierarchy that
contains information useful in selecting a
particular region of Canada to visit.

Two other hierarchies are also formed in
NeoETS:

Expert hierarchies. Expert hierarchies
allow the representation of multiple
knowledge sources as structured groups.
Each node in the expert hierarchy may
represent an individual, an aspect of an
individual, a group, or an independent
knowledge source. Information from
multiple experts may be independently
elicited and analyzed, then weighted and
combined to derive joint solutions to
problems. Experts each have their own
solution and trait hierarchies, which may
or may not overlap with those belonging to
others. In this way, each expert's unique
problem solving strategies and information
1s not compromised.

Case hierarchies. Case hierarchies allow
the definition of subsets of the knowledge
base appropriate to solving a particular
class of problems. For example, within a
knowledge base of information about
programming languages, a user may want
to include different sets of experts,
solutions, and traits when selecting a
language for an account  processing
application than for a  scientific
application. An accounting case and a
scientific case may be created, each one
drawing on a subset of the expert pool
knowledgeable in those areas. A hierarchy
of cases allows the organization and
tailoring of the knowledge base to specific
classes of situations.

A rating grid is built by combining values
associated with nodes in each of the four
basic  hierarchies (see Figure 2).
Relationships between nodes do not have to
be strictly hierarchical; lattices may be
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formed when more than one parent points
to the same child.

Reasoning within Knowledge
Hierarchies

Many expert systems embody a
hierarchical structure. After analyzing
many knowledge bases, Clancey (1986)
suggested that many problems are solved
by abstracting data, heuristically mapping
higher level problem descriptions onto
solution models, and then refining these
models until specific solutions are found
(Figure 3). In NeoKETS, data abstraction is
represented in the form of hierarchies of
traits, and solution refinement takes place
as information is propagated through
solution hierarchies.

To derive recommendations about a
particular set of nodes in a solution
hierarchy, the trait and expert hierarchies
linked to those solutions are examined.
Missing values needed in problem
abstraction may be inferred on the basis of
known information available elsewhere in
the hierarchies. As pieces of problem
models are built, hypotheses about useful
solutions are generated and used to further
direct reasoning. Exhaustive searches may
be avoided because NeoETS can reason
through classes of experts, solutions, and
traits.

Reasoning through hierarchies takes place
in a variety of ways; however two main
types are distinguished: absolute and
relativistic. Absolute reasoning involves
judgments made without significant
reservations. This “typically depends on
relatively few facts, its appropriateness is
easy to judge, and its result is
unambiguous” (Szolovitz & Pauker, 1978).
For example, in a decision involving the
selection of a programming language,
users may be able to say with certainty
that they would only be interested in
languages that run on an IBM PC, or that
they will not consider a language that
costs more than $400, regardless of other
desirable characteristics. Experts can also
build these types of absolute constraints
into the knowledge base. Absolute
reasoning in NeoETS is somewhat similar
to the solving of a set of linked decision

\Anstraction Refinement

Trait Classes Solution Classes

Mapping

<.

Traits Solutions

Figure 3. Clancey studied structured selection
systems and built an abstraction and refinement
model (1986). Inference in NeoETS typically occurs
in a bottom-up fashion through the trait
hierarchies and a top-down fashion through the
solution hierarchies.

tables (Hurley, 1983; Michalski, 1978).
Some of the inductive generalization rules
described by Michalski (1983) have proven
to be useful in this context.

Unfortunately, not all decisions can be
absolute. @ Many situations involve
significant uncertainty, where information
from several overlapping sources must be
weighed. Even if the criteria for the ideal
decision can be agreed upon, sometimes it
can only be approximated by the available
alternatives. In these situations, evidence
must be propagated in some relative or
probabilistic fashion. NeoETS incorporates
a variety of models and approaches to
relativistic reasoning including MYCIN-
like certainty factor calculus (Adams,
1985), fuzzy logic (Gaines and Shaw, 1985),
and the Analytic Hierarchy Process (AHP,
Saaty, 1980). AHP is a methodology that
allows hierarchical structuring of problems
with uncertainty and risk. It has been used
in problems of prediction, input-output
interdependence, resource allocation,
planning, conflict resolution, and others.
Hierarchical measurement has been
described as “a weighting process of...
variables associated with each level with
nonlinear coefficients that are products
and sums of variables associated with
higher levels” (Saaty, 1980).

Future versions of NeoETS will allow
additional models for analyzing uncertain
information including Bayesian (Alpert
and Raiffa, 1982), Dempster-Shafer
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(Shafer, 1976; Gordon and Shortliffe,
1985), and maximum entropy approaches
(Shastri and Feldman, 1985). The
availability of different inference methods
within a single framework allows users
flexibility in adapting NeoETS to the
problem at hand. We are hopeful that
future research and experience will
suggest heuristics for the selection of
appropriate designs for particular types of
questions (e.g., Shafer and Tversky, 1985).

Multiple Rating Value Types

NeoETS allows experts to use other types
of rating scales besides just those with
ordinal values. Allowing each trait to have
its own type and range of legal values
permits NeoETS to deal with situations
where values are unordered and where
greater precision is necessary.

In NeoETS, traits are described according
to the level of measurement of their rating
scales. This is determined by the expert.
The level of measurement depends on the
presence or absence of four characteristics:
distinctiveness, ordering in magnitude,
equal intervals, and an absolute zero (Allen
& Yen, 1979). These four characteristics
describe four major levels of measurement,
or types of variables: nominal (unordered),
ordinal, interval, and ratio (Figure 4). The
additional characteristics of interval and
ratio scaled rating values give increased
power to analytical tools within NeoETS.

Ratings may be generated through several
methods:

1. Direct. An expert directly assigns a
rating value for a trait and an element. If
an exact value is unknown, NeoETS
provides methods for helping the expert
derive an estimate (Beyth-Marom &
Dekel, 1985). If finer precision is needed
NeoETS can derive a set of ratio scaled
ratings from a series of pairwise
comparisons (Saaty, 1980).

2. Derived. Automatic filling in of
incomplete grids is possible through
evidential inheritance of rating values from
one grid to another (e.g., from lower to
higher level grids, different experts, or
different cases).

RATING DESCRIPTION EXAMPLES

SCALE

Nominal Unordered set - LANGUAGE: {ADA
(unordered) COBOL LISP}

Ordinal Ordered set -COLD/MHOT: {12345}

-SIZE: {SML MED LRG}

- SMALL-INTEGERS: {123}
-F-TEMP: {32 .. 112}

-HEIGHT: {0.0° 1.0 ...}

Interval Ordered setwith
measurable intervals

Ordered set with
measurable intervals
and an absolute origin

Figgre 4. NeoETS handles several types of rating
values. Originally, ETS only accepted ordinal
values from 1 to 5.

Ratio

Increased precision and specificity in
knowledge acquisition allow increased
problem-solving power, but usually at
some cost (Michalski & Winston, 1985).
This cost is reflected both in the amount of
work needed to elicit the additional
information as well as in increased
complexity and the greater number of steps
in the reasoning process. One way that
NeoETS tries to minimize this cost is by
eliciting more precise information only
when it is of value in solving critical
portions of the problem. If, for example,
NeoETS finds that it is unable to
sufficiently discriminate between a set of
solutions on the basis of simple rating
values between one and five, it will suggest
that the user perform a series of pairwise
comparisons to increase the sensitivity of
the judgments being made.

ANNOTATED SESSION - THE
PROGRAMMING LANGUAGE
ADVISOR

NeoETS is written in Interlisp and runs on
the Xerox family of Lisp machines and on
the DEC Vax series. The screen of NeocETS
is divided into windows: a typescript
window, map  windows showing the
hierarchies, rating grid windows, analysis
windows, and test result windows (a
screen image is shown later in Figure 13).
Experts interact with NeoETS by text
entry or with a mouse through pop-up
menus in the typescript window. Pop-up
menus in other windows may also be
activated through the selection of graphic
objects with the mouse.

Pragmatic heuristics to guide the expert
through the knowledge acquisition process
using NeoETS are contained in a
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subsystem called the dialog manager. Its
assistance has become an important factor
in the use of NeoETS, given the complexity
of the NeoETS environment and the many
elicitation and analysis methods available
to the expert. The dialog manager makes
decisions about general classes of actions,
and then recommends one or more specific
actions providing comments and
explanation if desired. This knowledge is
contained in rules within the dialog
manager in NeoETS. A session history
record is kept so that temporal reasoning
may be performed. Several illustrations of
its use will be seen in the session
transcript. Messages and advice*from the
dialog manager are flagged with “[DM]}”.
For further discussion of the dialog
manager, see Kitto and Boose (1986).

Following are excerpts and screen
snapshots from a NeoETS session where
an expert is trying to build a Programming
Language Advisor. Novice software
engineers and project managers would use
such a system to help select programming
languages for application projects.

Initial Grid Elicitation

First, NeoETS asks the expert to enter
several problem test cases and selects one
for analysis (satellite tracking, accounts
payable, knowledge acquisition testbed,
and government transaction processing
are entered). The cases are added to the
case hierarchy and appear in the map
window (shown later in Figure 13). The
expert chooses to think about a language
for developing a knowledge acquisition
testbed. Eventually experts will be able to
select and modify grids and cases from an
on-line library; we expect that in several
years this library will contain thousands of
hierarchies of grids. Building this library
bears a modest resemblance to the CYC
project at MCC (Lenat, 1986).1

The expert enters potential solutions for
this problem - in this case, programming
languages (Figure 5). After entering five
languages, NeoETS adds another one - an
! Lenat is attempting to build a very large knowledge base
containing both common sense and expert knowledge to

overcome problems of brittleness and labor intensity when
designing large software systems.
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ideal language for this problem case. The
languages are added to the solution
hierarchy as children of LANGUAGE.
Then, NeoETS asks the expert to enter
traits based on differences and similarities
between languages (Figure 5). This is the
heart of Kelly’s interviewing methodology;
NeoETS uses it in several different ways as
knowledge is expanded through elicitation
and analysis.

NeoETS initially assumes that the traits
will be bipolar with ordinal ratings
between 1 and 5 (Figure 6). The expert is
asked to rate each element with regard to
each trait, but the expert may optionally
specify different rating scales (unordered,
interval, ratio). NeoETS also assists with
rating scale type recognition and change
later on.

The expert is asked to rate the importance
of each trait for this case, again on a scale

— ELICITING ELEMENTS —

Please enter a list of LANGUAGE elements for K-
ACQUISITION, one to a line. When you're done, enter a
RETURN. Try to include at least one LANGUAGE that would
NOT be good for K-ACQUISITION (a counter example).
N-ETS** ADA

N-ETS** (ISP

N-ETS** PROLOG

N-ETS** COBOL

N-ETS** GRIRAN

N-ETS** [CR)

Can you imagine a new ideal LANGUAGE for K-ACQUISITION?
N-ETS** YES

For now, it will be called IDEAL-K-ACQUISITION-LANGUAGE.

--- BUILDING TRAITS BY TRIADS ---
When answering the following questions, remember to keep
the K-ACQUISITION case in mind.

Think of an important attribute that two of ADA, LISP, and
PROLOG share, but that the other one does not. What is that
attribute?

N-ETS** SYMBOLIC

What is that attribute's opposite as it applies in this case?
N-ETS** NUMERIC

What is the name of a scale or concept that describes
SYMBOLIC/NUMERIC?

N-ETS** ATTITUDE

Think of an important trait that two of LISP, PROLOG, and
COBOL share, but that the other one does not. What is that
trait?

N-ETS** WIDELY AVAILABLE

What is that trait’'s opposite as it applies in this case?

N-ETS** NOT AS WIDELY AVAILABLE

What is the name of a scale or concept that describes WIDELY-
AVAILABLE/NOT-AS-WIDELY-AVAILABLE?

N-ETS** AVAILABILITY

e — —

Figure 5. NeoETS asks the expert for an initial set
of potential solutions to the first problem case.
Then, the solutions are presented in groups of
three, and the expert gives discriminating traits.
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- FILLING IN RATINGS ---
Please rate these things on a scale of 5t0 1, where 5 means
more like SYMBOLIC and 1 means more like NUMERIC. If
neither one seems to apply, enter N(either). if both seem to
apply, enter a B(oth). If you would like to change the range
or type of scale, enter C(hange scale).
SYMBOLIC(5) NUMERIC(1)

ADA ** 1

LISP** 5

PROLOG** 5

COBOL ** 1

FORTRAN ** {

IDEAL-K-ACQUISITION-LANGUAGE ** §

Figure 6. The expert rates each language against
each trait scale and the results are shown in a
rating grid (Figure 7). If the 1 to 5 ordinal scale
does not apply, the expert may change the range or
change the type of trait to unordered, interval, or
ratio.

‘1. SYMBOLIC/MUMERC
5: WIDEL Y ~AVALARLE /NDT ~AS~WIDELY ~AVAN ABLE
SCEMTIC/BUSINESS

4. 0ODD-DEVELDPMENT ~-ENVIRONMENT /FOOR-OEVELOPM
. US~GOVT-WORK /NOT -FOR-US-00V T ~-WORK
§. EASER~TO-LEARNM/HAROER-TO-LEARN

- b b Ot ot B0
BESET
BERRES
B

M OO

i
|

- e e e Wb Pt Db b

POOA-O VELOFMENT - ENVIAGHSARMT

el

LCIENhING

VGO T wOM

Figure 7. This screen snapshot shows the rating
grid and implication graph. The graph display
implications between traits that are used to help
refine the knowledge base and create rules.

from 1 to 5. This knowledge is used later in
the decision making process.

Single Grid Analysis and Expansion

Once a grid is complete, an analysis is
performed that shows implications
between various values of traits (Figure 7).
Implications are read from left to right,
and the thickness of the arc shows the
strength of the implication. For instance,
SYMBOLIC implies SCIENTIFIC ("if
there is evidence that a SYMBOLIC
language is needed, then there is also
evidence that a SCIENTIFIC language is
needed”). The method of ENTAIL is used
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to derive implications: rating grid entries
are used as a sample set and fuzzy set logic
is applied to discover inductive
implications between the values (Gaines
and Shaw, 1985). This method uncovers
higher-order relationships among traits
and is used later to help build trait
hierarchies. The expert can also use an
interactive process in NeoETS to analyze
and debug this information (implication
review); the expert may agree or disagree
with each implication. If the expert
disagrees, the knowledge that led to the
implication is reviewed, and the expert can
change the knowledge or add exceptions
that disprove the implication (Boose,

===z 1986). Certain types of implication patterns

are also uncovered. Discovery of
| ambiguous patterns, for example, may
. mean that traits are being used

 inconsistently (Hinkle, 1965).

| After the initial grid is complete, the dialog
. manager chooses a method to help the
' expert expand the grid. Method selection
' depends on the size of the grid, analysis of
' information in the grid, the session history,

and so on. The dialog manager inserts the

appropriate command on the screen; in
' ASSIST mode (specified at the session

HAAGER:T0-LEARH —mee{F| Start)

the expert may change this
recommendation or accept it by entering

 RETURN.

In this case, the dialog manager advises
the expert to expand the grid by analyzing
similarities between languages (Shaw and
Gaines, 1986). When columns (or rows) of
rating values are similar then there is not
yet enough meaningful information to help
discriminate between solutions (or traits).
ADA and PROLOG are found to be similar
and NeoETS asks the expert to enter a new
trait based on a new perceived difference
between them. Two new traits (US-GOVT
and LEARN-ABILITY) and accompanying
information are added to the grid.

Testing Knowledge in a Single Grid

The dialog manager next recommends that
the grid knowledge be tested (Figure 8).
The expert is asked to provide desirable
values for the traits associated with the
solutions. These values may be appended
with a certainty factor and/or the tag

——
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ABSOLUTE to indicate an absolute
constraint in the decision process. :

Two methods are available in NeoETS for
propagating uncertain information. One
approach involves mapping this
information onto certainty factor scales.
Each rating in the grid is assigned a
certainty factor weight based on its relative
strength (a 5 is stronger than a 4), the
relative weight the expert has assigned to
the trait, and any constraints that the
expert has specified for the trait. When a
test consultation takes place, EMYCIN’s
certainty factor combination method is
used to combine the certainty factors in the
grid (Adams, 1985). The result is a rank-
ordered list of solutions with certainty
factor assignments (Figure 8). These
certainty factors are also used when rules
are generated for expert system shells.

Another approach uses Saaty's Analytic
Hierarchy Process to order a set of possible
solutions. Grid information obtained
through pairwise comparisons (or through
regular rating grid methods) is mapped
onto judgment matrices. The principal
eigenvector is computed for each matrix;
the eigenvectors are normalized and
combined to form a final ranking of the
solutions. Each solution is associated with
a number between 0.0 and 1.0. In a
knowledge base consisting of multiple
grids, these values can be propagated
through the hierarchies.

Performance is measured by having
experts compare their expectations with
NeoETS consultation results. A rank-
ordered solution list entered by the expert
is compared with the recommendation list;
Spearman’s coefficient of rank correlation
is used to measure the difference between
the two lists. NeoETS notes whether a
positive correlation is significant and
keeps track of coefficients over time for
each case as well as the “worst match”
elements in each list. As the knowledge
base improves, the correlation between
expert and NeoETS rankings should
increase. Worst match elements are used
to trace backward through the reasoning
process to help the expert further refine
the knowledge base.

-~ TEST-CONSULTATION ---

Would you like to run an EXISTING or NEW test consultation?
N-ETS** NEW

What do you want to call this new consultation?

N-ETS** (CR

This test consultation will be named K-ACQUISITION.TEST-1

Please ‘naicave the desired ADA, LISP, PROLOG, COBOL, and
FCRTRAN rraitseiect:on vaiues for K-ACQUISITION.TEST-1.
Yaiues may be appended with a certainty factor in the form
.8 and/or ABSOLUTE to indicate that the value is an absolute
constraint when selecting a type of LANGUAGE for K-
ACQUISITION.

What is the value of ATTITUDE for K-ACQUISITION.TEST-1?
SYMBOLIC(5) NUMERIC(1)

N-ETS**5

What is the value of AVAILABILITY for K-ACQUISITION.TEST-
17

WIDELY-AVAILABLE(5) NOT-AS-WIDELY-AVAILABLE(1)
N-ETS** 5

What is the value of APPLICATION-AREA for K-
ACQUISITION.TEST-1?

SCIENTIFIC(5) BUSINESS(1)

N-ETS**5

What is the value of DEVELOPMENT-ENVIRONMENT for
K-ACQUISITION.TEST-1?
GOOD-DEVELOPMENT-ENVIRONMENT(5) POOR-
DEVELOPMENT-ENVIRONMENT(1)

N-ETS** 5

What is the value of US-GOVT for K-ACQUISITION.TEST-1?
US-GOVT-WORK(5) NOT-FOR-US-GOVT-WORK(1)

N-ETS** 1

What is the value of LEARN-ABILITY for K-ACQUISITION.TEST-
1?

EASIER-TO-LEARN(S) HARDER-TO-LEARN(1)

N-ETS**5 .75

Test results for test consultation K-ACQUISITION.TEST-1:
1:LISP(.89)

. IDEAL-K-ACQUISITION-LANGUAGE (.81)

: PROLOG ( .47 )

: FORTRAN {.36)

: COBOL(-.53)

: ADA(-80)

VT hwN

Figure 8. The expert tests the LANGUAGE
knowledge base for the general K-ACQUISITION
case on a specific problem. Values of traits are
specified, and certainty factor weights are
combined to produce a rank-ordered, weighted
results list.

Building Hierarchies for Multiple
Grids

Next, the dialog manager recommends
that the expert try to expand the trait and
solution hierarchies by performing a
cluster analysis. NeoETS uses a method of
single-link hierarchical cluster analysis
based on FOCUS (Shaw and Gaines, 1986)
to group sets of related solutions or traits.
Results of the cluster analysis are shown in
Figure 9. The numbers at the nodes of the
cluster tree are measures of distance or
similarity between groups and range from
0 to 100; the number 100 would indicate
perfect correspondence between the ratings
of the two matched elements or traits.



Once the cluster analysis is performed, the
expert is asked to label junctions in the
clusters. The junctions can be seen as
“conjectures” about possible new classes of
solutions or traits. These more general
trait or solution classes may then be added
to the hierarchies, as in this instance. If a
cluster had seemed unreasonable to the
expert (e.g., if ADA seemed to fit better
with FORTRAN and COBOL than LISP
and PROLOG), this may be a clue that new
differentiating traits should be added.

Laddering is another method used to find
traits at varying levels of abstraction.
“Why?” types of questions are used to find
more general traits:
You said you thought it was better if a
LANGUAGE for K-ACQUISITION was
characterized by GOOD-DEVELOPMENT-
ENVIRONMENT. What is a2 new trait that says
why you think this is true?
N-ETS** FASTER SYSTEM DEVELOPMENT

“How?” types of questions are used to find
more specific traits:
In what ways could a language for K-
ACQUISITION be characterized by WIDELY-
AVAILABLE?
N-ETS** RUNS ON MULTIPLE HARDWARE
N-ETS** MANY COMPILERS AVAILABLE
N-ETS** MANY COMPANIES OFFER

In this case, laddering is invoked by the
dialog manager in order to extend the
hierarchy by extending small clusters of
traits.

With the information now in the
knowledge base, NeoETS can make
recommendations about a particular

language for a project. But NeoETS cannot
recommend a specific dialect of a language
unless children are added to the solution
hierarchy. The dialog manager
recommends that the expert expand the
solution hierarchy. The expert adds
children to the LISP language: MACLISP-
LM, INTERLISP, and COMMON-LISP.
An ideal Lisp is added as well. The expert
is asked which traits should be inherited
from the parent LISP, and a new rating
grid is formed based on the new solutions
and the old traits. The expert fills in the

IDEAL-LANGUAGE
LisP
67 PROLOG
ADA
54
FORTRAN
74 < cosoL

SCIENTIFIC

Figure 9. Solution element and trait clusters are
formed from information in rating grids. The
expert is asked to label nodes and expand clusters;
new traits are used to expand the hierarchies.

grid ratings and more traits are added by
triad comparison. Again, each trait is
weighted for importance.

Using Multiple Rating Types
Later in the session, NeoETS helps the

' expert convert a trait with ordinal values

(DELIVERY-COST: HIGH-COST(5) /
LOW-COST(1)) into a trait with ratio
scaled rating values (DELIVERY-COST:
(1500 - 60000) DOLLARS-US). The expert
re-rates the LISP solutions in terms of the
new values and these values appear on the
grid. If the expert were unable to provide a
DELIVERY-COST for a kind of Lisp,
NeoETS could provide several forms of
estimation help (Spetzler and Stal von
Holstein, 1983; Wallsten and Budescu,
1983). Four estimation procedures are

provided: START-&-MODIFY,
EXTREME-VALUES,
DECOMPOSITION, and
RECOMPOSITION  (Beyth-Marom &
Dekel, 1985). In this instance, the
EXTREME-VALUES procedure would

first ask for the least and greatest
DELIVERY-COST one could imagine for
the type of Lisp being considered. Through
a series of questions, NeoETS would try to
shrink this range until a satisfactory
estimate could be given.

NeoETS also helps the expert change trait
scale types by checking values associated
with particular types of traits. For
instance, when bipolar traits are found
that only receive extreme ratings, it may
be better to represent the knowledge with



an unordered trait instead. NeoETS can
also help consolidate knowledge by
combining the values of several related
unordered traits into one trait.

Testing Knowledge with
Hierarchies and Multiple Experts

Figures 10 and 11 illustrate a test
consultation using hierarchies of traits
and solutions elicited from two experts,
WEC and JCA. In this consultation, the
user is interested in selecting a particular
version of Lisp, Prolog, or ADA for a
knowledge acquisition project. Because of
the large number of potential solutions
within the case, the user is given the
opportunity to specify some subset for
consideration. The solutions in this subset
are called solution hypotheses.

NeoETS then asks for a set of trait values
for this consultation. The user enters the
absolute constraint that only languages
with a delivery cost of less than $30000
will be considered. The user may accept
default values that have been entered in a
previous consultation by pressing the
RETURN key. If a default value has not
been previously specified and the user
types RETURN, that trait will be ignored
in the inference process for this
consultation.

In this example, the user's preference for
HARDWARE type is partitioned among
three manufacturers by a pairwise
comparison process. These pairwise
comparisons generate a ratio scaled set of
preferences (Saaty, 1980).

The fact that a particular language runs
on IBM is judged to be weakly more
important than if it runs on a VAX.
Availability of a VAX version of the
language is considered absolutely more
important than that of an ATT version.

Finally, the results of the consultation are
presented to the user. For each solution,
the consensus recommendation of the
experts consulted is presented, followed by
the weight of each expert that contributed
to the recommendation.

In a case with multiple experts, it may
sometimes be useful to examine a set of

- TEST CONSULTATION --

Would you like to run an EXISTING or NEW consultation?
N-ETS** EXISTING

What is the name of this existing consultation?

N-ETS** LISP-PROLOG-ADA-ONLY

This test consuitation is named K-ACQUISITION.LISP-
PROLOG-ADA-ONLY.

Which K-ACQUISITION alternatives you would like to
consider in this consultation (LISP-PROLOG-ADA-ONLY).
Enter them one to a line. If you wish all solutions to be
considered, type ALL. When done, press RETURN.

N-ETS** MACLISP-LM

N-ETS** INTERLISP

N-ETS** COMMON-LISP

N-ETS** QUINTUS-PROLOG

N-ETS** ADA-1

N'ETS** EX3 (C_Rl

The following experts know about MACLISP-LM, INTERLISP,
COMMON-LISP, QUINTUS-PROLOG, and ADA-1: WEC JCA.
Would you like to exclude or weight any of these experts?
N-ETS** NO

Please indicate the desired trait selection values for LISP-
PROLOG-ADA-ONLY solutions. Press RETURN to indicate
agreement with the defaulit values, or type in a new value.
Values may be appended with a certainty factor in the form
'.8" and/or the word ABSOLUTE to indicate that the value is
an absolute constraint when selecting a type of LANGUAGE
for K-ACQUISITION.

(WIDELY-AVAILABLE(S), 1.0)** (CR)
(GOOD-DEVELOPMENT-ENVIRONMENT(S), 1.0)** (CR)
(LOW-COST(< 45000 DOLLARS-US), 1.0, ABSOLUTE) ( NOTE:
THIS INCLUDES HARDWARE FOR A WORKSTATION) **
<30000 DOLLARS-US 1.0 ABSOLUTE

Figure 10. The expert tests the knowledge by
running a consultation to select a Lisp, Prolog, or
ADA for the knowledge acquisition testbed case.
+he expertise of two experts is used; consensus and
dissenting solutions are given (see the next figure).

recommendations from a dissenting expert
or group of experts. Since WEC's
recommendations differed most from the
consensus, these are listed as a dissenting
opinion.

Editing the Knowledge Base to Build
New Cases

Once the set of experts has entered
information about the K-ACQUISITION
case, they may wish to describe additional
cases. They could start from scratch by
entering a list of relevant solutions and
traits, but that would be inefficient if there
were any significant overlap in knowledge
required by a previously entered case and a
new one. NeoETS allows an expert to copy
pieces of hierarchies and, optionally, their
associated values between cases. The
information copied in this manner can then
be modified to fit the new context. This
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(COMPANIES(VAX .33,iBM .33, ATT .33), 1.0)** PAIRWISE
Please compare these values of HARDWARE with regard to
their importance in contributing to an overall high score for
a particular type of LANGUAGE for K-ACQUISITION in the
context of LISP-PROLOG-ADA-ONLY.

Please compare VAX and IBM. Enter:

VAX = IBM if VAX and IBM are equally important
VAX>IBM or VAX <IBM if one of the pair is weakly more
important

VAX > >IBM or VAX < <IBM if ane is strongly more
important

VAX> > >1BM or VAX < < <IBM if one is demonstrably or
very strongly more important

VAX> > >>1BM or VAX < < < <IBM if one is absolutely
more important

N-ETS** VAX<IBM

Please compare VAX and ATT. Enter:

VAX = ATT if VAX and ATT are equally important,
VAX>ATT or VAX <ATT if one of the pair is weakly more
important

VAX > >ATT or VAX < <ATT if one is strongly more
‘important

VAX> > >ATT or VAX < < <ATT if one is demonstrably or
very strongly more important

VAX>>>>ATT or VAX < < < <ATT if one is absolutely
more important

N-ETS** VAX>>>>ATT

Results for test consultation K-ACQUISITION.LISP-PROLOG-
ADA-ONLY:

1: INTERLISP (47:(WEC .5,1CAS))

2: QUINTUS-PROLOG (.40: (WEC1.0))

Would you like to see the dissenting opinion for this
consuitation?
N-ETS** YES

The foliowing dissenting opinion was given by WEC:
Overall agreement with consensus: .79
1: QUINTUS PROLOG (.40)
2: INTERLISP (.39)
(:1

Figure 11. The expert continues the test by
specifying “run-time” values for traits, entering an
absolute cost constraint, and performing a
pairwise comparison task to derive relative values
for hardware.

facility for copying may also be used to
copy pieces of hierarchies between experts.

Rule Generation and Expert System
Shells

NeoETS can generate knowledge bases for
several expert system shells. The
knowledge -contained in grids and
hierarchies is converted within NeoETS
into rules (Figure 12), and the rules are
then formatted for a particular expert
system shell. Rules are generated with
screening clauses that partition the rules
into subsets. The expert clause is used
when expertise from multiple experts is

weighted and combined together. The case
clause controls the focus of the system
during reasoning.

Four types of rules are generated:

1. Implication rule: These rules are
generated from arcs in the implication
graph and conclude about particular
traits. The certainty factor s
proportional to the strength of the fuzzy
implication. The use of implication rules
restricts search and lessens the number
of questions asked of users during
consultations.

2. Solution rule: A solution rule
concludes about a particular solution or
solution class. The certainty factor is
derived from a combination of the grid
rating strength and the trait weight.

3. Absolute rule: When the expert places
an absolute constraint on the value of a
trait a rule is generated reflecting the
restriction. Sometimes information
about absolute constraints is included
elsewhere when knowledge bases for
expert system shells are generated.

4. Propagation rule: These rules are
derived from information in the
hierarchies. PropRule032 in Figure 12
generalizes the information in the
children of LISP about
DEVELOPMENT-ENVIRONMENT.

Further Knowledge Expansion and
Refinement

Hierarchies and rating grids continue to be
used during the session to expand and
refine the knowledge base. Work in
progress is shown in Figure 13. The
decision of when one has reached the point
of diminishing returns within NeoETS is a
personal one, although many aids are
offered. Similarities and implications
analyses allow experts to determine
whether traits or solutions can be
adequately and appropriately
discriminated from one another. The
system provides correlational methods for
comparing the order of NeoETS
recommendations to an expert's rankings.
Once the expert is convinced that the
system performs reasonably, knowledge
bases for other expert system shells may be
generated.
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--- MAKING RULES ---
impRule014:
tf: EXPERT = JCA &
CASE = K-ACQUISITION &
ATTITUDE = SYMBOLIC,
Then: APPLICATION-AREA = SCIENTIFIC(1.00)

ImpRule022:
if: EXPERT = JCA &
CASE = K-ACQUISITION &
DEVELOPMENT-ENVIRONMENT = POOR-DEVELOPMENT-
ENVIRONMENT
Then: LEARN-ABILITY = HARDER-TO-LEARN ( .69)

SolRule161:
If: EXPERT = JCA &
CASE = K-ACQUISITION &
ATTITUDE = SYMBOLIC
Then: LANGUAGE = LISP( .44)

AbsRule002:
If: EXPERT = JCA &
CASE = K-ACQUISITION
Then: DELIVERY-COST < 45000 ( 1.00)

PropRule032:
If: EXPERT = JCA &
CASE = K-ACQUISITION &
DEVELOPMENT-ENVIRONMENT = GOOD-
DEVELOPMENT-ENVIRONMENT
Then: LANGUAGE = LISP (.62)

Figure 12. Rules are generated from information
in the rating grids and hierarchies. Rules can
conclude about solutions or classes of solutions and
traits both within grids and across hierarchies.
Each rule has several screening clauses naming
the expert and case class.

The MINUS tool (Shaw and Gaines, 1986)
compares grids from different experts on
the same subject and points out differences
and similarities. This information has
been used to manage structured
negotiation between experts (Boose, 1986).
SOCIOGRIDS features (Shaw and Gaines,
1986) will be available in the future to
display networks of expertise. Nodes and
relations in the network show the degree of
subsumption of one expert’s grid over other
experts’ grids.

DISCUSSION

General Advantages and
Disadvantages of NeoETS

NeoETS inherits the advantages of ETS:
rapid prototyping and feasibility analysis,
vocabulary and trait elicitation, testing
and  refinement tools, implication
discovery, conflict point identification,

expert system shell production, and the
generation of expert enthusiasm.

Over 30 prototype systems have been built
using NeoETS (an Al Book Consultant, an
ATl Tool Advisor, a Course Evaluation
System, a Customer Needs Advisor, a
Database Management System
Consultant, an Investment Advisor, a
Management Motivation Analyzer, a
Personal Computer Advisor, a Personality
Disorder Advisor, a Product Design and
Impact Advisor, a Robotic Tool Selector, a
Seattle Travel Agent, and a Wine Advisor
among  others). The Programming
Language Advisor session took less then 2
hours with each of the two experts.

NeoETS offers a rich knowledge
representation and reasoning
environment. We believe that knowledge
can be acquired for significant portions of
most structured selection expert system
problems using NeoETS. Hierarchies help
the expert break down problems into
component parts and allow reasoning at
different levels of abstraction. Varying
levels of precision are specified with
multiple types of rating scales when
needed.

Knowledge from multiple experts may be
combined together using NeoETS. End
users may receive dissenting as well as
consensus opinions from groups of experts,
thus getting a full range of possible
solutions. The disagreement between the
consensus and the dissenting opinion can
be measured to derive a degree of conflict
among experts for a consultation. The
system can be used for cost-effective group
data gathering.

The growing collection of rating grids and
case knowledge represents an important
future information resource for building a
variety of knowledge-based systems.
Knowledge will be stored explicitly with
associated problem cases; this will make
knowledge bases easier to update and
maintain.

In the future, each expert will be able to
“protect” critical areas of knowledge.
Currently, an end user may copy and
change any portion of the NeoETS
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knowledge base during a consultation. The
expert may believe protection is necessary
because some knowledge is “absolute” and
should not be changed, or because the
knowledge has commercial value.

NeoETS is not as easy to use as was ETS.
There are too many elicitation and
analysis tools for a novice to understand;
the decision-making process and inference
engine can be set up to perform in several
different ways. We expect that continuing

improvements in the dialog manager will
help make the system  more
comprehensible.

Theoretical Issues .

Personal Construct Psychology methods
provide no guarantee that a sufficient set
of knowledge will be found to solve a given
problem. NeoETS attempts to expand the
initial subset of solutions and traits based

on problem-solving knowledge for specific
cases. The goal is to solve enough cases so
that the knowledge is sufficient to solve
new cases. This is the methodology of
knowledge engineering in general;
NeoETS helps make the process explicit
and manageable.

The Analytic Hierarchy Process can be
used to build intuitive, comprehensible
models that seem to behave in reasonable
ways. One disadvantage is that the
inference process itself is relatively
opaque. Another disadvantage of using
hierarchical representations in general is
that some problems do not easily fit the
hierarchical model. It also may be true that
a particular problem would best be
represented by a collection of conflicting
hierarchies (hierarchies for mechanical
problems tend to model structure or
function, not both).
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Kelly (1955) introduced superordinate and
subordinate constructs in his organization
corollary (see also Hinkle, 1965). Kelly
thought that these hierarchical
relationships changed from time to time.
Slater (1977) observed that “a system that
has been thoroughly organized
hierarchically would... become ossified and
ill-adapted to the needs of everyday life.”
NeoETS can help experts change their
hierarchies, but it is up to the expert to
realize when the relationships have
changed, and to reflect that change in the
system. Similarly, labels for traits and
elements as well as ratings themselves
may change.

More methods for handling uncertainty
will be used in the future; these were
mentioned above.

The use of multiple rating value types
provides more flexibility, convenience, and
precision when representing knowledge.
However, deciding which particular type of
variable to use can be a complex task. The
dialog manager offers some assistance, but
the expert usually learns appropriate
rating type usage through experience.

It is also more difficult to generate a
coherent rule set from many types of
variables, and some rules, in isolation,
may not be meaningful to the expert.

Elicitation, Analysis and Decision
Making

Multiple analysis tools and elicitation
methods help the expert think about the
problem in new ways and tend to point out
conflicts and inconsistencies over time.
Lenat argues that knowledge
representations should shift as different
needs arise (Lenat, 1983); this should lead
to  better problem . and solution
descriptions, and, in turn, to better
problem-solving.

Inference in NeoETS is efficient because
the problem space is partitioned. Although
no formal studies have been conducted,
consultation results using the methods
described above seem reasonable.

Experts develop NeoETS knowledge bases
serially. In the future, we would like to

build a participant system where many
experts could dynamically share rating
grids and hierarchies (Chang, 1985).

Rule generation for expert system shells is
done in a straightforward manner.
Development of the knowledge base can
continue in an expert system shell that
may offer advantages of speed, specialized
development and debugging facilities, and
inexpensive hardware. However, if the
knowledge base is changed in the shell, it
may be difficult to reload it back into
NeoETS.

Future Development

Besides the enhancements mentioned
above, we intend to build a knowledge
acquisition environment that would
include specific domain knowledge for
different application areas (as in MDIS,
Antonelli, 1983; and MORE, Kahn,
Nowlan, and McDermott, 1985) and be able
to acquire knowledge for synthesis
problems (as in SALT, Marcus,
McDermott, and Wang, 1985). Our
approach will be to continue to add
methods in small increments, constantly
refining and integrating techniques to
build  increasingly more  effective
knowledge acquisition tools. :
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A Defense of Whole Figure Constructs in Construction of the:Person

William V. Chambers
Wright State University
Dayton, Ohio 45435

Abstract

whole figure constructs are suggested to play a central role in personal
relationships. Suggestions are made as to why the verbalization of
whole figure constructs is less likely with maturation. A study is
conducted that invalidates current beliefs that whole figure constructs
are not meaningful.

Introduction

Personal construct theory suggests the person's interactions with others
is a function of the constructs they use to experience others. Hundreds
of studies in personal construct theory have been published. Most of
these studies have been based on repertory grid techniques. In the
typical grid technique a person rates a number of people along trait
like dimensions. Such rating of people along traits is not unique to
contruct theory. Indeed many impression formation experiments follow a
similar format. In essence these studies assume our experience of
others is governed by implicit trait theories. In other words, we tend
to assume our contruction of others consists of reducing others to
traits instead of grasping the individual as a whole. This assumption
has serious implications for theories of personal vs. only social
relations. <Can we have a personal relationship based on a reduction of
others and the self to traits? The purpose of this study is to address
this question and to begin an experimental elaboration of this issue by
investigating the meaningfulness of constructions of the person as a
whole.

Kelly (1955), the originator of personal construct theory, suggested
that the child initially construes people with constructs that are
specific to the person. In so doing the child develops constructs,
called whole figure constructs, that allow the child to form
distinctions such as 'like mother' vs. 'unlike mother' or ’'like self’
vs. 'unlike self'. As the child grows older he/she tends to verbalize
such constructs less often and relies more on trait like constructions.
Construct theorists have interpreted this increased use of trait
dimensions as indicative of psychological maturation (Little, 1968;
Barratt, 1977; Duck, 1975). There is a real danger, however, that
issues are being confounded in making such assumptions, Let's examine
these dangers in some detail.

The fact that children tend to use trait constructs more and whole
figure constructs less as they grow older could be due to the increased
insistence placed upon children in schools to describe people via
traits. A child who discusses another in terms of whole figure
constructs, such as "Uncle Howard”, will tend to be viewed as egocentric
by those who do not know the person. This shunning of whole figure
constructs is more likely to the extent the child's environment is



impersonal. A more personal environment, for example, one that might be
found in a smaller town where children are more likely to know one
anothers' acquaintances, would tend to be less insistent on the use of
traits. When a classmate in such a community mentions "Uncle Bob, the
policeman” or "Mrs. Smith, the sixth grade music teacher”, there is
little reason for recourse to traits. With the mention of a name, i.e.
Mrs. Smith, everyone would often have sufficient information to
understand the reason she is mentioned in a particular context. The
fact that children learn not to use such whole figure constructs as
'Like Mrs. Smith' can be more a function of living in an impersonal
environment, a world where individuals are unknown quantities, than to
the child's maturation. The price could well be that personal relations
are suspended in the belief that maturity demands reductionistic,
impersonal construction. Research should be conducted to determine the
relative use of trait vs. whole figure constructs in personal vs.
impersonal contexts., *

A second way the role of whole figure constructs in maturation can be
misunderstood concerns current assumptions concerning the meaningfulness
of whole figure constructs. Following Piaget's reasoning concerning the
development of constructs, the maturing child should become better at
using all constructs, both whole figure and other constructs. Recent
research by Chambers & Parsley (1986) in fact found that the logical
consistency and integrative complexity of whole figure constructs
improves with maturation. Some construct theorists, however, doubt that
whole figure constructs can even be used meaningfully (Mair, 1967;
Fransella & Bannister, 1977). These researchers believe whole figure
constructs cannot integrate information about people in anything but
inconsistent, nonintegrative ways. This belief has probably greatly
reduced the amount of research conducted on whole figure constructs.
Let's look closer at the justification given for the assumption that
whole figure constructs are meaningless.

Mair (1967) conducted a study that supposedly demonstrates the relative
meaninglessness of whole figure constructs. The study has been
referenced in two authoritative manuals on repertory grid technique
(Bannister & Mair, 1968; Fransella & Bannister, 1977) as evidence
against the use of whole figure constructs. Mair asked subjects to rate
a set of people on the whole figure construct "like self" as well as on
traits elicited to be either characteristic or uncharacteristic of
'Self’., Mair found that the ratings did not polarize in the fashion he
expected. Traits that subjects directly judged to be similar to self
were not always positively correlated with 'like self’, nor were those
judged unlike self always negatively correlated with 'like self’.

Mair's conclusion, and that advocated by Bannister and Mair (1967) and
Fransella and Bannister (1977), is that whole figure constructs
therefore are incapable of integrating the information reflected in the
trait ratings. This conclusion is invalid, however, because an
inadequate experimental design was used in the study. No control was
used to demonstrate that other whole figure constructs are less
meaningful in relation to 'like self' than are trait constructs. The
conclusion could have just as easily been that the trait constructs were
incapable of elaborating all the information contributing to the whole.
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The meaningfulness of whole figure constructs is therefore still an
unanswered question. The purpose of the following experiment is to
determine whether or not whole figure constructs are more or less
meaningful than trait constructs. Results should be useful in sounding
the alarm that personal construct theorists need to reexamine their
assumptions concerning whole figure constructs if they want to come to a
better understanding of people and personal relations.

Method

Three groups of repertory grids were developed. The first group
consisted of 16 9x9 matrices of random ratings. These grids were
developed to simulate the extreme in meaningless construction. These
grids were generated via a computer, using simulated five point scales.

16 additional grids were developed by asking 16 university students to
first write the names of four people who they thought were guite similar
to themselves and four people they thought were quite different.
Subjects then stated traits that were descriptive of each of the eight
people. This produced four trait constructs describing people similar
to the self, and four traits describing people different from the self.
Subjects then rated the self and the eight other people on the whole
figure construct 'like self' and the eight trait constructs. A five
point scale was used,

A final group of 16 grids was developed by asking another 16 students to
complete a grid. 1In this grid students first listed four people who
were similar to the self and four who were different. These people and
the self were then used as elements in a grid using the same people as
whole figure constructs. Subjects rated each person with respect to
their similarity to each other person as a whole. A five point scale
was used.

Grid Analysis

The grids were analyzed to determine the extent to which ratings made on
the 'like self' whole figure construct tended to polarize the other
constructs. Each of the four rows of ratings made on constructs
elicited to be similar to the self were subtracted from the ratings made
of the people on the like-self whole figure construct. The absoclute
values of these differences were summed to form a like-self score. The
absolute values of the differences between the unlike self constructs
and the like-self whole figure construct were summed to form the unlike
self score. The polarization score was determined by subtracting the
like self score from the unlike self score. Larger differences imply
more meaningful relations between the like-self whole figure construct
and the other constructs. For the 16 grids composed of random ratings,
the first four were arbitrarily assumed to be like self constructs while
the second were unlike self constructs.

Results
Analysis of variance of the polarization scores produced an F value of
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21.61 (2,45), which is significant at p<.0001. A Duncan's test
demonstrated that the means from all groups differed. The mean
polarization score for the random grids was .68. The mean for the grid
made up of trait constructs was 24.25. The mean for the grids made up
only of whole figure constructs was 39.37. Results indicate the whole
figure constructs produced higher polarization scores, with the trait
scores producing intermediate scores. As expected, the random grids
produced very low polarization.

Discussion

Results suggest the whole figure constructs were more meaningful than
either the random or the trait constructs. These results stand in
direct contradiction to the conclusion by Mair, Bannister and Fransella
that whole figure constructs are meaningless. These results suggest
there is clearly a need for more research on whole figure constructs.
This conclusion is further supported by recent research suggesting grids
containing whole figure constructs are useful in studying psychological
adjustment, impression formation, cognitive development and decision
making (Chambers, 1983; Chambers, 1985 a, b, ¢, 4, e; Chambers and
Sanders, 1984; Chambers & Stonerock, 1985; Chambers & Epting, 1985;
Chambers & Parsley, 1986; Chambers, Manh & Parsley, 1986). There is
little doubt that research using whole figure constructs will pose new
problems. It may be necessary that psychologists admit that people
think in ways that cannot be reduced to the dictionary like terms that
make up the trait approach to understanding. We will have to respect
the complexity, legitimacy and relative invisibility of another's
experience, as described by Kelly (1955) and Laing (1967), if we are to
ever meet others as persons.
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USE OF ELICITED AND SUPPLIED CONSTRUCTS IN

THE PARENTING

DOMAIN

Rex L. Filer, Fh. D.
Counseling and Career Dewvelopmenit Center
Bowling Green Ztats Unlwﬁralty
Bowling Green, Ohio 432483
ABSTRACT
This study investigates the use of =licited and suoplied
constructs  in the parsnting domai with the Parent &Attri-
bute Clarifier (PACY Filer (17832, a2 modified repsriory
grid. Eight constructs wers elicited wusing Eellw'=s ({1755
ztandard ftriadic method, and sight were supplied by the re-
sexrcher, The wuwuse of elicited and supplied comsitructs  1s
compared in terms  of bwo aspescits of  parental cognitiuve
structure, integrative , usage and ability fto discriminate
along & dimensicon of meaning. FResulits indicates participants
wse supplied constructs more integratively but make finer
dizcriminations with =licited constructs. Methodological
issues for future research are discussed,
INTRODUCTION
Feegsarchers smploving some form of the Regerfory Grid within
Personal Construct Pswcochology often are faced with the
cholce of whether to use slicited or supplied constructs,
Eticited constructs supply information on the unigue waws an
indiwidual wiews the domain being inwvestigated., Supplisd
constructs permit incliusion of researcher-provided dimen-
sicons and lend themselwess o nomothetic  comparisons., in
addition, when a decision i1is made aboul the fwos Zor—-
struct to e used in 2 study, consideration must be noto
whether or not elicited and supplied construciszs are oved
differently by indiwviduals,
Adames—kebber {1777, in an  gxignsiwve rewisw of the titera-
ture conciuded M. .indised 2 sxhibit consistent creter-
ences for using particular = to describe themsslwes  and
others, judges people more remely in their own ferms, and
draw more  inferences from  information ented in  fhsir
o lTanguage.” (o. 2. Inoan sarltisr icte & =Yxint
(1%78y found little difference hetwsen UM EE +
gntizaticon deriwved from slicitsd and sug 2d o
the tatter were carsefully selectsd, Bz
Mair sz (1742 intensiiy measurs, Cochr 17775 1
of career  ewzluzation found ellcited c yots %,
significantliy more interrslatesd  than supplied cons
Cpe 2949 when used fo rate garificipant supplisd oocu
In a sorting ta male Emnglish architectiural studsnt
ited constructs accountsd significantly more
wariance than supplied cons s fStringer 19721,
and Caldwell (1742 found ing recent and old a2
ances  greater extremity o for the slicited cor
than the supplied consiruc




Land+ield (1545 had clients in therapy rate their ideal-
s2l+, present-sel$, and the therapist on dimensions elicited
from both the ciient and the therapist. He found oclientsz
rated ideal-sel+ and present-selt more extremely when they
used their elicited constructs., Their ratings of the thera-
mist zaleso were more extrems but did not reach sigrnificance,
wlarr  and Coffman  C1¥78) compared edtremity ratings in
Judging tasks. Contrary to fhn findings in & majoriityv  of
ztudies, they did not find any significant differsncess in
the ratings between the two typea of constructs.
Kuusinen and MNysted (12750 gvwaluated 2licited and =supmlisd
constructs u=ina an index of rating extremity and four mea-
suyres of cognitive complexity., The results  of their study
did not uniformly show elicited to be mors useful than sup-—
piisd constructs. They thersfore concluded "... that diffsr-
ences bhetwesen indiwidual constructs and provided constructs
that hawe been found in esariier studiss may be dependent
upon  what criterion is chosen to contrast the hwo tvpes of
constructs, what indices are used to measurs the chossn cri-
terion, and what twvpe of provided constructs iz compared
with indiwidual constrycts.” ip. 141y, Their conclusion in-
dicates the importance of re-examining studies on the use of
glicited and supplisd constructs in terms  of the criterion
used to ewvaluate the constructs, of the indices measuring
these criterion, and of the tvpe of constructs supplisd,
Ezsterbyv-Smith (1788 raised several important methodo-
togical points that will =zid in this re-sxzxamination. Hs
states that in uwusing the standard trizdic method for elic-
iting constructs, =slemsnts sither be sslected randomly or in
a2 manner tha imizes contrasts, not be repested in u
cessive triads fio do so makes slicitation of new coms
more difficult:, be homogenecus tselected from the
category) and be repressentative of the domain in guest
I+ constructs elicited from slements mesting these reguire-
ments are to be compared to supplied constructs, it iz  im-
portant  for researchers fo indicate not only  how the sup-
oplied construycts were chossn Dot the basizs for their zsssr-
tion that such constructs are applicable to the domain under
investigation. Uniess thes issyese of applicabkility iz ad-
dressed, reported differences in the use of elicited and
supplised constructs simply may be =z result of a2 prefersnce
for wsing those conmstrucis most  applicable to the domain
under  imwestigation. Studiss also must make clear  the
criterion uwsed to conmtrast constructs., In the prewviousiy
cited studieses, with the esxception of Kuuszinen and MNwsted
L1975y, rating extremity is tated with personal meaning—
fulness., Extrems ratings ar aid to most clossly  aporoax-
imate the bi-polar nature of constructs,

i N



Meaningfulness, hﬁnﬁwnr, dogs not hawe to be defined in
termes of rating extremitw, If a person iz & scientist
zttempoting fo axti:1pate ewvants, then a meaning+ul construct
svstem may be thought of xs one that allows Ffor maximum  de-
ciszsion making effectiwveness in the domain in guestion. For
gzample, Lemon  and Marren (157743 did not use rating ex-
tremitv as their critericon; instead, they evaluyated con-
structs in terms of the the sirength of intersnce one could
make with them about people. From subjscts’ fres descrip-
tions of acguaintances thew designated subjectz’ construcis
a= =alient or non-salient, They found salient construcis
2iltow one to make sironger inferences than non-salient con-
structs, Through guesiicning whether meaningfulness  of
construct dsage hasz fo entall exiremity of rating, Lemon
and  Marren raise  an Mmportant issuse for  consideration by
pointing cut that meaningfulness may just as well be thought
of in terms of construct’s potential for making inferences.
It is now possible to re-sxamine a2  number of s=tudies in
terms of the issues raised in the last fsw paragraphs.
Beginning this re-sxs amination with the prewvicusiy oited
Cochran (19773 study, there are indicaticns that ithe re-
ported difterences may be an artifact of the methodologs
Sochran (19F7Y 0 used supplied constructs to gensrate the
giicited constructs. He ackrnowledges such a method would
tend fto elticit constructs supsrordinats to fthe sucplisd
cgnes, It i not  then surprising to +ind that theszse supsr-
ordinate slicited constructs were used differentliy than fthe
subordinate supplisd constructs I+ 5 st oFf =subordinate
elicited constructs had been used to elicit +further co
structs, would & comparison of these sub- and  superordinad
construcis  hawve vielded results similar o those found in
the Cochran study?
it iz apparent the manner in which supplied constructzs  ars
dewveloped iz crucial,. bhen comparative studies on ths use
of =ticited and supplied constructs are swvaluated, caresful
sttenticon must be giwven to the methodological procedurss
emptovesd, For szample, Cromwell and Caldwell s (17&82 uyse of
consiructs elicited From one group of participanis zs ihs
zupplised g2t of constructs Fop ancther grouD 1E an RpEroach
wery ditferent from Cochran’s,
Tt iz swen more difficult, i+ not impossible, to swaiuate
stydiss which do not indicate the manner us to
p Im this wein all Stringer (177

e aamEre sslected  to represent

might be important in architec

zuch peooie zs Ltheir familw,

v figures.®  dp. 4483, Mere
mins the weatidify of the assertion
Deing representative? Siringer J
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Bender (17742 guestions the results  of Marr  and Coffman
P 1978 by stating that the segusntial form of Esllw’'=z rep-
ertory grid which changes only cone slement  at 2 time will
produte less meaningful constructs. dsing & form  of  the
repertory grid dewveloped by Malhlouf-Norris, Jones, and
Morris (19782 in which constructs are elicited with Fiwve
sequentizal  and fiwve nnn—:equ~ntxai triads, Bender detined
the +iwve constructs with highest loadings on the first
tactor of the principle component analwvsis of the grid as
most—-important and the fiwve wiih the lowest  loadings  as
least important. Bender found the non-ssgusentizl friads
wielded sigrificantly more most—-important constructs,

FRe—examinations of these several studiss haws shown that  fao
fully address the issus of whether slicited zand supplisd
constructs are used differently, carsful consideration must
be giwven to the selecticon of slemenis, fo the method used fc
gensrate elicited constructs, to the manper in which the
supplied constructs are chosen or  deweloped, and to the
criterion for contrasting constructs, and to indices used

for comparison.

METHOD

In thisz present study the issuss raised in the lasit fow
paragraphs were addressed in the development of a2 modifiesd
repertory grid, the PFarent &ftiribute Clarifier (PALCD
{Filer 1%83). The PAaC elemsnts are seventeen different
parents, fifteen personally Enown by the participant anmd fwo
generatized categories of parsnts, the Ideat  and aSbusing
parent., To meet the Easterby-Smith (1¥88F reguirement of
representativeness, elements includesd the carticipant =
carents, grandparsent, spouse, self, Fiwve gparents  whose
marenting methods the participant agreed with and fiwve whose
methads they did not agree with, Participants uszed a nine
point scale to rate the sewenteen parenis fslementsd on the
zixtesn constructs. High ratings indicsted ths parsnt {(sls-
ment: had 2 1ot of pesitiwe pole of the construct zand Yo
ratings weryw little of the positiwve pole. Al the parsnts
felements) were first rated on the eight slicited constructis
and then on the eight supplisd constructs,

Eight constructs were elicited using the standard triadic
method; wherein particigants were presented & triad of
parents  from their list of parents and asked to state how
twa oFf them were zalike and ditferent from the third parent
in some dimensicn of parenting. = = moleted
when 2 participant decided what & ite  of
the e2licited dimension, theresbhy ar par-
gnting construct., In lins with or 0y Easter-
by-5Smith elements were not repeat o e Triads,
and, to prowvide a2 contrast, each  triad had  two parents
{elementst whose parenting methods the participant =ither
agresed or disagresd with but newsr threes of one tvos,



Eight szsupplied constructs weres developed atter 2 rewvisw of
the literature on parenting. f&5zrin 1979y Coigney 1973
Dinkmewer and MckHay 17743 Dodson 1974; Gordon 1973:  Harman
arnd  Brim 1726; Madsen and Madszen (¥72: Mancuso and Handis
172383 and Mebster-Stratton (7280 . In addition the constructs
were  ewaluated by elewven professionals in child cars +rnm ]
major university who Jjudged them to be important $for inciu-
sionse  in 2 study of parenting and to cover a2 broad rangs of
the parenting domain (Filer 1783},

To compare  the use of elicited and supplied constructs,
indices of parental cognifiwve siructure were Jderived from a2
1éxlé construct correlation matrix., Two aspects of parental
cognitive structure, integrative construct usage and dis-
crimination along a cofstruct, were measursed. The Integra-
tiwe index <a count of the number of correlations found in
the rangs .322 < K < 8 in the 14x1& corrslation mairix de-
rived From the PALCr is an index of integrative usage dewel-
oped by MeckBwerth C1F23% in 3 study of career decision mak-
ing. The index is an attempt fto measure integrative con-
struct usage while controlling for the groblsm of  random
usage raized in the Bannister and Fransellz’s (174885 study
which found thought-disorder schizophrenics and cognitiwelyw
compiex indiwviduzals both displaving 2 high degres indepsn-
dence between constructs., They argued S:Fizaphrenica wWere
responding randomisy while the cognitiwvely complex indiwid-
gals were making use of an integraltive pracesa. T control
for randomness and measure the integraztiwve process correla-
tions in the .422 ( B ¢ .8 are considered to bs a measurs of
integration. Though the selection of the .2 a5 a cut-off
point 12 arbitrary, it is based on the ides that corrsla-
ticns greater than .2 are so high that theyw are functionally
equivalent and indicate a lack of differsntiation. The 422
for the bottom cut—cofd was chosen becausze in a3 1483148 matrisx
a =2t of randomiy generated numbers  would wield by chance
anlyw Fiwve purLent af the corrslations abowe 4982,

In additicon to measurss of integratiwve construct usa
development of measures to gauge discrimination along
mension of meaning has Desn prominent in the stul

rnitive structure (Rekers 1774, ZSignell 1744, Landfi

19312, The rationale for such measurss iz the idea

struct being maximally useful when i1 allows fine

nations to be made among the rated elementsz. Mhen ¢

lewels are wsed eveniy zacross  the elementz, a rank

c28s is approximatsd.  Ewven use of rating Taweis 1=

cation of an ability rioritize and e finer

inations. keckwsrih deweloped an inde: of di

tion measuring how e rating lewels are used ac

merts, EBwen usze indi an abpiiitwy to makes fine

naticons and pricritize aiong =& dimension of mean
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where (I iz the ideal number of slements per category found
b dividing the number of slements (17 by the toital  numbsr
o¥f  rating lewvels (%3, The Discrimination Index is computed
v summing the squared dewviation of obserwved elements (0D
from 41y at sach rating lewel across lewsls for sach con-
struct ©I-00; and taking this sum of sgquaresed dewiziions For
gach construct and Jmm1nu it across constructs (nd oy oand
finally taking the sguare root of the awverages of the sum  of
the sguared dewviation far constructs, The index 13 an in-
werse measure of discrimination because it decrsases as mors
of  the entire range of rating Jewsls iz ysed. For 2 more
detailed discussion the Intsgrative  and Dizcrimination
Indices zee Forster (17350,

beging this Integratiwve Index and the Dl'-r1m1xafi5ﬂ Inde:
Meckwerth (17832 <+ound greater Flexibilitw in carscer de-
cision making associated with a2 greater degree of integra-
tive complexity and a greater degres of discriminaticon.
Poole ©1923 found the Integratiwe Index interacted signi-
ficantly with the design sitructure of & career—decision
making courss. &3 Poole predicted, students high on inte-
grative complexity preferred a low-structurs course design
and those low on integratiwve complexity preterred high-
structure course design., He did not find the Discrimination
Index to be related to students’ reaction to course desicn.
The indices for integrative usage and discrimination wers
deriwved for both elicited and supplised constructs, This
a2t lowed comparisons to be made on the use of the ftwo ftypes
of constructs,

SUBJECTS

Forfty—+tour parents drawn  from a2 large metropolitan arsz
completsd the Parent Attribute Clarifier (Filer 19330,
RESULTS

The means of the indices of integrative uszzge and dis-
criminaticon +for elicited and supplied consitructs wWeEr s
compared using t-tests, The mean of the slicited Integration
Index was 18.4% and  the suppliised Integraticon Imdex was
14,73, The t-walue of 2.25 wasz significant =2t  the
itgwel. The mean of the elicited Discrimination Indes

Z.24 and the mean of the supplied Discrimination Inde
.52, The the t—walue of 2.5 was significanit at the
tewel ., These resulfts indicate participants ussed the
plied constructs more integratively and made finer  disc
inaticons with the =licited constructis.



Lo non-significant  cor ations were Ffound bDetwesn the
indices of integration an d discrimination indicating tfhat
tiwo aspectsof the cognitive structure were being measured
The reliability of these indices of cogniftiwve siructurs was
tested by re-administering the Parent @ttribute Clarifier
to 2ight participants five wesks after their initial comple-
tion of the instrument The following reliability cosffi-
cients were obtained: Elicited Integrative Index .34, Sup-—
plied Integrative Index 24, Elicited Discriminmation Index
.24, and Supplied Discrimination Index .74, scept for the
Eticited Integration Index, moderate reliability WEES
demonstrated,

DISCUSSION .

In this study +Fiper dizscriminaftions were made with elicited
constructs and supplied constructs were used more integra-
tivelw. These results in terms of discrimination are consis-
tent with a number of studiss that have shown participanis
prefer to use their own dimensions in dealing wiih domains
in which they are personzally inwested and familizr. How-
gwer, the the more integrative use of supplised construcis
raizses guesticons about the criteria uwsed to swaiuate =2lici-
ted and supplied construcis. I+ the number of conpstructs in
the range 422 ¢ r ¢ .8 is an index of integraticon {some-
thing that certainly neesds Ffurther inwsstigation?, then the
results indicate advantagess in using suppilied consiructs,
Thaough great care must be exercised in generalizing the
findings of this studw to other domains, the resuits 4o
raise several important methodological  issuess  for futurs
researchers as  theyw develop repertory orids  and raize
gquestions about the svaluative criteria to be wuwsed in the
study of elicited and supplied constructs.

Questions about the ewvaluation criteria, of cours: are  nof
timited to the study of elicited sand supplied comsirucis.
Much has been written about the wavs of interprefing data
gengratsd by repertory grids. What iz important 1z that
carefyl consideraftion be glwven fo these criteria in boih =
svaluation of studies of elicited and supntied constructs zs
well as in the development of instruments for such studi=ss.
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ARTICULATING AND RECONSTRUCTING PERSONAL GOALS

Jerald R. Forster
University of Washington
Clinical Services and Research Center
402 Miller Hall, U.W. Campus
Sesttle, Washington 98195

This peper provides a conceptual model for counseling clients whase goals are unrealized. The model
focuses on the discrepancy between a goal and perceptions of what is heppening. Theory and methods
familiar to personal construct psychologists are used to explain goal discrepancies and devise
reconstruction strategies. The model also highlights the use of feelings to indicate the degree to which
natual goals are being satisfied. Séveral types of construction errors are described. Also included in
the paper are counseling guidelines for facilitating the articulation and reconstruction of personal

goals.

INTRODUCTION

Counseling can be defined as an interactive process between two individuals, where cne has
recognized a dissatisfaction and a desire to change. The other person has expertise in faciiitating an
articulation of the problem and helping the client change to relieve the problem.

The purpose of this paper is to elaborate on a particular conceptualization of the counseling process.
The conceptualization is primarily based on Personai Construct Psychology. The elaboration focuses
on the discrepancy between a client's wanted events and her perceived events. To focus attention on
the discrepancy between what is wanted and what is perceived, a counselor facililates the client's
articulation-of her goals. This articulation process depends on the elicitation of personasl constructs
used by the individual to differentiate among significant events in her life. These personsl constructs
are then used to develop goals statements.

Definitions and elaborations of the most important concepts used in this clarification approach are
given in the following section. The interrslations of the key concepts are shown in Figure 1.

DEFINITIONS AND ELABORATIONS OF SELECTED CONCEPTS

PERSONAL CONSTRUCT : A dimension of meaning that an individual imposes upon the world in order
to make the world interpretable. Each construct allows a particular awareness that the individual
uses to differentiate among stimuli and to categorize phenomena.

A personal construct is like a special lens or filter that permits the person 1o see selected colors,
scenes, or aspects of a field. When a person is asked to describe another person, or an experience,
or a place, that person uses personal constructs when making these descriptions. Constructs must
be used to spperceive past, present, and future scenarios. Expectations are experienced through
constructs. Constructs don’t have to be in language form to be used for differentiating among stimuli,
but to be communicated they must be put into language form or some other recognizable vehicle for
communication, Examples of constructs used to differentiate among people are: shy, educsted, sexy,
intelligent, tall. Examples of constructs used to differentiate among events are: boring, demending,
sentimental, cold, recent.

- L6



FIGURE 1

A SIMPLIFIED VISUAL MODEL -
FOR REPRESENTING THE CONSTRUCTION AND USE OF NATURAL GOALS _— —
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PERCEIYED QUTCOME: Individual constructions of what is happening in a particuler domain of a
person’s present experience. This outcome could slso be called an event.

EXPECTED QUTCOME: Similar to a perceived outcome, except the event has not yet happened and the
individual only expects that the event will occur,

NATURAL GOAL: A possible outcome or future event that the individual wants to happen.

A person can’t help but want a natural goal. Failure to attain natural goels results in feelings of
dissatisfaction. There is no stendardized list of natural gosls that all or most people want. Each
person has his own natural gosls, constructed with his personal constructs. A veriety of reasons may
account for why the person has the unigue natural goals he has, including past reinforcement
schedules, biochemical programming, unsatisfied needs, etc.

Some natural gosls involve growthful and/or pleesure seeking events. These are positive goals that
are not dictated by fear or avoidance.

Other natural goals involve the avoidance of feared outcomes and these are negative in nature because
they are influenced by naxious possibilities or thrests.

MEMORIES: Recollections about past events. Memories can include what was thought to have
occurred, as well as what was wanted at the time.

FEELINGS: Reactions of the individual’s body to all of the cognitive processing that is occurring in
response to a specific event. Feelings have been defined as an undifferentiated arousal response
triggered by the autonomic nervous system.

Feelings serve as reactive signals reflecting how the individual is appraising all of the inputs
possibly connected to personal benefit or threat. They are gauges that measure the summative
satisfection, or dissatisfaction, felt by the individual at any given point in time.

IHEORETICAL RELATIONSHIPS AMONG SELECTED CONCEPTS

The match, or the descrepancy, between perceived or expected cutcomes and naturat goals, directly
influences an individual’s feelings of satisfaction or dissatisfaction. The individual's feelings are
also influenced by the match between past outcomes and natural goals that existed at the time of those
outcomes. While past matches residing in the memory influence current feelings, such resuits do not
play a significant role in the feelings of well adjusted individuals, because such people know that
future events are the really important ones. Well adjusted individusls are bothered by past
discrepancies only if they portend high probabilities thet future outcomes will also be discrepant
from naetural goals.

Perceived and expected outcomes which are not thought to be connected to natural goals do not affect
the individual’s feelings. The person is neutral about the desirability of such outcomes because he
can see no special implication for his well-being or pleasure. However, it is not unusual for a
person to become curious sbout certain events which seem to have little direct implication to her
well-being. A curious individual becomes interested in understanding or predicting certain outcomes
even though they do not relate to her natural goals. Such an individual may become invested in
anticipating or understanding these events and then she has developed a natural goal that might be
called “understanding for the sake of understanding.” Feelings of satisfaction occur then the person
increases her understanding, even when there is little practical benefit from knowing.

-.(g-



When an individual recognizes he has a problem, often accompanied by a feeling of frustration
because something is not as he wants it {o be, that person seeks a solution. This solution often
involves the spontaneous reconstruction of the perceived situation or the reconstruction of the
natural goal. If that individual gets stuck in his problem-solving task and keeps constructing it the
same way without new perspectives or outward changes in the environment, he feels blocked from
his natural goal. Such a person needs help in reconstructing how things appear to be, as well as how
he wants things to be. He does not need to be shown how to live. He needs increesed awareness,
clarification and reconstruction, enabling him to be more self-directing and in-control of his life.
He will benefit from creative problem-solving and new ways to adapt to the environment.

BERSONAL INYOLYEMENT IN THE ATTAINMENT OF NATURAL GOALS

An important dimension to consider in this conceptualization is the individual’s active involvement
in bringing about her natural goals. The poles of this dimension are "active” and “passive.” The
active person exerts considerable effort in an attempt to change the perceived or expected outcome to
meke it match her natural goal. This person is trying hard to make things happen the way she wants
it to be. Such a person tries to manipulate her environment so as o achieve desired ends and is said
to "tske charge of her life”, or "is going after what she wants.”

A person nearer the passive pole is more inclined to accept circumstances as he finds them,
adjusting to the way things are. A person on this end of the dimension protects himself from
unfulfilied goals by modifying natural goals so that they are easily attained. One can protect oneself
from being threatened by reducing what is wanted or considered necessary for survival. By
reconstructing what is wanted so that it matches what is expected to happen, a person can adjust to
aimost anything. However, if the reconstruction is not s legitimate one, but only adisguise for the
real goals which are repressed, there will still be a feeling of frustration and the results of this
feeling may show up in some other negative outcomes. .

While there are some individuals whe actively seek their natural gosls, and others who are very
passive in this undertaking, most mature human beings use combinations of these processes.

The combination of these processes requires that the person choose when to change perceptions of
what is happening to fit her natural goals and when to accept the way things are, even if the original
natural goals must be modified. These adaptive and assertive individuals seem to be good at
recognizing when it is time to change the environment and when it is time to change their goels. The
importance of this judgment process is recognized by Alcoholic Anonymous, as is shown by their
adoption of Reinhold Niebuhr’s prayer:

GOD GRANT ME THE SERENITY 70 ACCEPY THE THINGS | CRNNOT CHANGE COURAGE TO CHANGE
THE THINGS | CAN AND WISDON TO KNOM THE DIFFERENCE

This statement may suggest that there is a clesr-cut difference between the things a person can and
cannot change. Approaching this difference from a contructivist perspective , however, leaves these
two categories very much open to construction. in other words, each individual can construct
reslities that permit change of a wide selection of things or situations. Also, the territory of
situations that are not seen as changesble can also be reconstructed to a considerable extent. Those
two categories have considerable flexibility in their boundaries, depending on the constructive style
of the category user. The recognition of this flexibility is important for the counselor who is
facilitating reconstruction. That counselor can help a client approach problematic situstions with
the openness that is helpful for seeing new solutions or new ways of seeing how things are.
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CONSTRUCTION ERRORS AND RELATED PROBLEMS

The constructivist framework offers a variety of concepts which help identify probiems of
construction and related maifunction. A few of these errors are described below:

1. Lack of aw: of the constructs actually being used to explain and snticipate.

Many individuals can neither identify nor articulate the primary constructs they use to attribute
causation and o anticipate future events. Some of these individuals are unaware of many of the
constructs they use, while others believe they are using constructs which are not the ones they
actuslly use for their important attributions or anticipations.

2. Use of construets which are inadequste for anticipating important outcomes.
Some individuals use constructs which are limitedor inappropriate to deal with the thrests facing

them in 8 complex environment. Sometimes these individuals have been taught or programmed to use
outmoded constructs which might have served their users well in less complex environments or
environments with quite different thrests.

3. Rigid constructions of natural goals,

Individuals with rigid constructs find it difficult to reconstruct their natural gosis when
reconstructions of perceived/expected outcomes fail to permit them to accommodate their natural
goals. This inflexibility may be related to the type of constructs they tend to use. Concrete
constructs seem to be the most difficult to modify or expend. The inability to reconstruct is likely to
lead to poor problem solving. These people are easily blocked and this blockage is accompanied by
repetitive attempts to solve the prebiem in the same way . Effective probiem solvers not only
reconstruct unfulfilled goals, but they also reconstruct their perceptions and expectations . Rigid
constructions do not lend themselves to reconstruction.

4. Prem reconstruction of natural

The premsture reconstruction of natural gosls could also be characterized as being overly flexible or
even “wishy-washy”. These individusls are also described as lacking in will power or persistence.
The most serious problem with premsture reconstruction of netural gosls is the forfeiture of
opporiunities to reslize potentialities. Unfuifilled talents are common among these individuals and
they are often taken advantage of by individusls who are more persistent when striving for their
natural gosls.

Every individual has some natural qoals which are positive in nature representing growthful
strivings uncluttered by fear and avoidance. in some cases, however, these posilive, growthful goals
are dwarfed by the avoidance goals designed to prevent feared outmmes When the avoidance gosls
dominate the person’s behavior, that person operates in a defensive stance and minimizes
possibilities for attaining positive goals. The cautious style of these individuals reduces risk-taking
and results in the avoidance of challenging opportuntities. Such individuals waste much of their lives
by focusing on feared possibilities and missing opportunities for exciting new experiences. They
have little energy for reconstructing expected outcomes or positive natural goals becsuse so much of
their attention is directed toward threatening possibilities.

7. Deficits in constructs that enable long-range prediction.
These individuals lack constructs which help them predict long-term consequences of current

choices. Such individusls often feel that they were victims of others or of an unfair society. Often
they had experienced pleasure and short-term satisfaction without any idea that this experience
might be connected with a negative, unsatisfying future outcome. Observers often describe these
individuals as people who do not delay their gratification. They are cbviously week in long-range
planning and survive best in a structured environment that provides clear-cut guidelines for
behavior and choices, as might be found in the military.
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ARTICULATION AND RECONSTRUCTION METHODS

-Most applications of personal construct psychology use modified versions of Kelly's Repertory Test
{ 1955) to elicit personal constructs. Forster( 1985) used a modified version of the Rep Test to
elicit and articulate an individual’s personal goals. The steps used in that version are summarized
below:

1. Enhance awareness of the client's feelings by sensitizing her to her own body sensations. This can
be encouraged by homework assignments involving systematic recording of feelings in a daily
journal.

2. Using feelings as indicators that natural goels are being satisfied or not satisfied, the client
articulates personal constructs that are used to construct her natural goals. The Goals Articulation
Process (Forster, 1982) provides a format for this portion of the articulation process.

3. The articulated natural goals are then used by the client to evaluate the relevance of severai
representative life events. This can be done by a rating process where the client rates 10 to 20
representative events regerding the extent to which they satisfy esch natural goal.

4. After these ratings have been analyzed to identify patterns of relationships and profiles of goals
satisfaction, feedback of the results can help the client identify particular goals which are not
satisfied.

S. After the client has identified and clarified unsatisfied goals, she can begin to reconstruct the goal,
the perceived situation, or combinations of the two.

When goals and perceptions are being reconstructed, several possibilities arise. The following
questions suggest some of these possibilities:

How will the discrepancy between a specific natural goal and current perceptions be reconciled?
Can situations be changed so that the goal will be reslized without major reconstruction ?

If the situation cannot be changed easily, can the client’s perceptions be reconstructed so that the
goal can be reslized ?

Can the goal be reconstructed so that it can be realized with the current resources and effort ?

Is some combination of reconstructions necessary, so that both perceptions of the situation and the
natural goal can be changed in ways that relieve the discrepancy ?

Reconstruction efforts will be influenced by the client's "wisdom " to know what can be changed and
what can’t be changed. The client’s first problem-solving activity will probably be an effort to
change the environment so as to attain the natural goal without reconstruction. Included in this
definition of a client’s environment is the client’s perception of seif. Therefore, some changes in the
environment may include changing oneself. The distinction between “changing the environment™ and
“reconstructing perceptions of the environment” is an important one, although very difficult to
make when self-perceptions are involved. When a client attempts to focus his attention, or exert
more effort in a given direction, he is changing his environment without major changes in self-
perceptions. However, when the client perceives himself in new ways, he is reconstructing that part
of his environment. If these changes in environmental or situational perceptions do not permit the
discrepancy between these perceptions and goals to be relieved, the client is more likely to work on

the reconstruction of his goals. .



The followihg methods are offered to facililate the reconstruction of gosls and perceptions:

a. The counselor creates an environment that reduces outside threats. This environment is facilitated
by the absence of negative judgment. Nonjudgmental counselors create a sanctuery-like climate
where clients can try out reconstructions without fear of negative reactions.

b. The counselor asks the client to describe the problematic situation from the perspective of other
people, including people known to be quite different from the client.

¢. The counselor also offers alternative constructions of the situation, as well as other goals which
may be more attainable than the current one. When the counselor offers alternative constructions,
she tries to emphasize the tentativeness of such offerings, ensuring that the client does not take these
offerings as “recommended advice.” The counselor tries to encourage the perspective that there can
be several ways of characterizing a situation and no single one is the right one. The client is
encouraged to consider alternative canstructions as exploratory passibilities.
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STEPS TOWARDS KNOWLEDGE SCIENCE

Brian R. Gaines & Mildred L. G. Shaw
Department of Computer Science, University of Calgary,
Alberta, Canada T2N 1N4

There is growing convergence between psychology, systems theory and computer science towards what
might be called knowledge science. Personal construct psychology is able to provide foundations for
cognitive science that subsume previous information processing models and extend them to realms of
human knowledge processes, including social interaction, creative thinking, emotion and personality.
Systems theory is now at a stage where it can contribute a framework for these ideas that expresses them
without unreasonable distortion. For psychology this opens up the possibility of an integrative theory
encompassing all aspects of human life and contributing formal foundations to clinical, educational, social
and applied psychology. For fifth and sixth generation computing systems this opens up the possibility of
true human-computer symbiosis in which natural and artificial knowledge processes are fully integrated.

The Convergence of Psychology, Systems Theory and Computer Science

There is growing convergence between psychology, systems theory and computer science. The disciplines
have interacted to become major influences on one another’s development. The paradigm of cognitive
psychology involves applying information processing concepts to human behavior (Newell & Simon 1972,
Estes 1978). General systems theory (Von Bertalanffy 1968) and cybernetics (Wiener 1948) involve
modeling the organism as an information processing entity. Fifth generation computing (Moto-oka 1982)
offers natural person-computer interaction using techniques derived from artificial intelligence studies in
computer science (Gaines 1984a). Sixth generation computing (STA 1985) is projected to integrate
advances in neurology, psychology, linguistics and logic, into a new discipline, knowledge science, that
will provide foundations for the knowledge-based systems of the future (Gaines 1986).

This convergence is now significant to the goals of each of these disciplines, all of which show immense
promise but none of which has yet achieved its objectives. Cognitive psychology has concentrated on very
limited aspects of human perception and cognition and has neglected key areas of psychological phenomena
such as emotion and consciousness (Norman 1980). General systems theory and cybernetics have generated
many interesting methodologies but no coherent overall theory with strong formal foundations and
widespread application (Gaines & Shaw 1984). Fifth generation computing has been described by the
Japanese as dependent on three major areas of development, hardware, software and human psychology, but
the actual research program has activities only in the first two areas (Gaines 1984b); for the moment it is
being assumed that classical logic adequately expresses human knowledge processes (Fuchi, Sato & Miller
1984), a dubious assumption. Sixth generation computing is still at a conceptual stage, and many doubt
the possibility of the cross-disciplinary integration required.

We have argued in a number of papers that Kelly’s personal construct psychology (PCP) provides the
foundational material necessary and sufficient for the culmination of the convergence between the three
disciplines (Gaines & Shaw 1981, 1984, Shaw & Gaines 1979, 1981):

+ The information processing model of man may be subsumed and extended within PCP by generalizing the
notion of information as suggested by Bar Hillel and Carnap (Bar Hillel 1964) to semantic information.
PCP gives an operational explicatum for the notion of search for meaning as the basic human dynamic.

« General systems theory and cybernetics may be subsumed and extended within PCP by noting that they
are products of the mind reflecting on nature, on itself, and on the results of its own reflection. PCP
gives a theory of people theorizing, a fully recursive model of man the modeler and his models.

« The development of computational mind-tools may be subsumed and extended within PCP by using the
theory of people as modelers to design computing that is consistent in its processes with that theory.
PCP concepts are realizable through technology, both stand-alone as artificial intelligence, and
interactively as a new medium extending man’s capabilities through human-computer symbiosis.

The Systemic Nature of the Fundamental Postulate
Kelly’s starting point, the fundamental postulate, is systemic in attributing the psychological processes of
the person to his anticipation of the future:
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“A person’s processes are psychologically channelized by the ways in which he anticipates events.”

(Kelly 1955, p.46) .
It is significant to note that this postulate does not mention constructs—they arise through the construction
corollary, and that Kelly spends considerable effort on detailing the role and importance of each word in this
statement. This postulate has great generality and the specific wording used cannot capture this fully. Ina
sense every word in it is technical and should be construed free of all previous associations. This is clearly
impossible but may be approximated by taking each word as evocative through associations of the general
principle being stated. The fundamental postulate as stated is a parable indicating a general principle.

In systemic terms the postulate may be paralleled as:

“An autonomous system is organizationally structured by the way in which it models information,”

* We use the term autonomous in the sense developed by Maturana (1975) and Varela (1979) as that
distinction necessary and sufficient to chararacterize living organisms. Their characterization is
organizational rather than physiological or teleological and specifies the structure of the system’s
organization rather than that of its cells or its goals. Pask (1981) and Zeleny (1977) have noted how the
concepts apply to the psychological characterization of people and of social organizations, respectively.

» We use the term models, as Kelly does anticipates to encompass both prediction and action. in
technological forecasting terms modeling may be either predictive or normative (Jantsch 1967).
Whether we improve our models of the world by adjusting them to fit the world or the world to fit them
is part of our modeling strategy, science does the first and technology the second, and the theory need
make no fundamental distinction between them. Kelly (1955) emphasizes man the scientist forming a
construct system to give meaning to experience, but he also gives examples of how this leads to action
which changes the world and creates experience—PCP is also a theory of man the technologist.

» We use the term information as encompassing all sources and forms of message irrespective of their mode
of transmittal. From a systemic point of view such messages arise as an artefact of our distinguishing
one part of a system from another. To account for the correlations between processes boundaried by our
distinction we have to hypothesize information passing between them. Natural boundaries are ones
which minimize the message passing that we have to hypothesize, and delimit systems whose internal
organization is substantially more complex than their external relationships. It is in this sense that
autonomous systems are informationally open but organizationally closed (Varela 1979, Pask 1981).

The processes involving an autonomous system can be completely understood in terms of the structure
necessary to organize information into a model. The logical or causal chain is from autonomy through
organization to structure with modeling as an inferred telelogical principle. If we look for a deeper
explanation then it lies in survival as the underlying dynamic. The organism devotes its capacity to self-
organization to maintain its identity and then applies its surplus capacity to modeling its environment to
the extent that the environment is relevant to its survival. Anticipation projects survival into the future.

The Modeling Hierarchy

Systemically, what Kelly terms a construct may be called a distinction, a concept upon which it is possible
to build logical calculi of great generality (Brown 1969, Gaines & Shaw 1981,1985). Distinctions are not
just static partitions of experience. They may be operations: actions in psychological terms; processes in
computational terms. The role of distinctions at the base level of all models is evident in Klir’s (1976)
hierarchy of modeling shown in Fig.1. The loop from events through distinctions up through the modeling
hierarchy and then down again to predictions and actions characterizes what Shaw (1980) has termed the
personal scientist as an individual or the communal scientist as a group. Note that the upper levels of
modeling are totally dependent on the system of distinctions, or personal constructs, used to express
experience through the source system. Klir developed this hierarchy for work on symbolic modeling
systems and Gaines (1977) has shown that it forms a basis for general knowledge acquisition algorithms.

This hierarchy does not introduce any additional primitives beyond that of making a distinction. The levels
of the hierarchy are the results of distinctions that we make. Thus the source system is distinguished as
those distinctions that the particular personal scientist makes; it is a distinction about distinctions defining
the construct system of an individual. The data system is distinguished as those distinctions that have been
made about a particular event; again a distinction about distinctions defining an event. The generative
system is distinguished as a set of distinctions that also defines an event; these are model-generated rather
than event-generated. It is the match between the model-generated and event-generated distinctions that
determines the degree of approximation of the model to the world; this is a distinction about distinctions
among distinctions that defines goodness of fit.
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Fig.1 Distinctions in the modeling hierarchy

The systemic hierarchy based on a calculus of distinctions has an analog based on personal constructs
(Gaines & Shaw 1981) shown in Fig.2. The lowest level is one of constructs, distinctions made in
interacting with the world. The next level is one of experiences, events which happen to us, and we make
happen, in terms of the distinctions already made. Levels above these are hypotheses which are
rationalizations of experience, analogies between these rationalizations, abstractions of these analogies and
transcendencies which are preconceptions underlying rationality. Interaction with the world is, therefore,
mediated through the construct system to produce experience which is modeled through the higher levels and
leads to predictions, decisions and actions again mediated through the construct system.

Fig.2 Construction hierarchy of communal scientist
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Reflective Equilibrium—The Communal Scientist

The anticipatory processes of the modeling hierarchy extend naturally to those of society by viewing groups
of people as larger cross-sections comprising multiple individuals (Shaw & Gaines 1981, 1986a, Shaw
1985). This concept may be given deeper significance by considering the inductive inference process
underlying knowledge acquisition and modeled in the hierarchy. Whereas the deductive logical inference that
underlies the operation of conventional computers is well-understood and well-founded, the inductive
inference that underlies human learning is not. Deduction guarantees to take us from valid data to valid
inferences, but the inferences are thereby part of the data—no new knowledge is generated. Induction takes
us from valid data to models of that data that go beyond it—by predicting data we have not yet observed,
and by giving explanations of the data in terms of concepts that are unobservable. Induction generates new
knowledge but, as Hume (1739) pointed out over 200 years ago, the process is not deductively valid and it
is a circular argument to claim that it is inductively valid.

Philosophers have continued to debate Hume’s arguments and search for justification of the inductive
process. Goodman (1973) proposed that we accept the circularity but note that it involves a dynamic
equilibrium between data and inference rules as shown in Fig.3: “A rule is amended if it yields an inference
we are unwilling to accept; an inference-is rejected if it violates a rule we are unwilling to amend” Rawls
(1971) in his theory of justice terms this a reflective equilibrium. Recently Stich and Nisbett (1984) noted
flaws in Goodman’s argument and repaired them by proposing that the equilibrium is social not individual:
“a rule of inference is justified if it captures the reflective practice not of the person using it but of the
appropriate experts in our society.” This argument arose in the context of the explanation of the authority
of experts in society, but it is also significant in suggesting that the basic system underlying knowledge
acquisition has to be taken as a society rather than an individual.

Inference

Fig.3 Reflective equilibrium in inductive reasoning

The extension of the modeling hierarchy to social processes is straightforward since Fig.1 presents a general
modeling schema and applies as much to groups of people, companies and societies as it does to the roles
of a person. The epistemological hierarchy of a person is a cross-section of the epistemological hierarchy
of the society generating their life-world. Pask’s (1975) concept of P-Individuals as the basic units of
psycho-socio-processes allows roles, people, groups, organizations and societies to be treated in a uniform
framework (Shaw & Gaines 1981, 1986a). An individual is defined in cognitive terms as a psychological
process (Pask 1980) and more complex psychological and social structures may be defined similarly by
taking into account the possibilities of timesharing, process switching and distributed processing with
psychological processors. For example, one person may assume many psychological roles (process
switching), whereas a group of people working together may act as a single goal-seeking entity and hence
behave as one process (distributed processing).
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Surprise, Preference and Language

A modeling schema results from distinctions about distinctions at each level in the hierarchy. In prediction
the key distinction is to what degree a level accounts for the information flowing through it and hence we
have termed this distinction one of surprise (Gaines 1977), borrowing the term from the economist Shackle
(1955). Surprise goes in opposition to the degree of membership (Zadeh 1965, Gaines 1983) of a predicted
event to an actual event and the expected surprise is a form of entropy. Surprise at the lowest level of the
hierarchy corresponds to distinctions being inadequate to capture events; surprise at the next level to
inadequate variety to experience events; at the next level to inadequate approximation to predict events; at
the next level to inadequate simplicity to explain events; at the next level to inadequate comprehensiveness
to account for events.

The formal theory of modeling is one in which models are selected at each level down the hierarchy to
minimize the rate at which surprise is passing up the hierarchy. The criteria for model selection
independent of the data are generally thought of as being ones of simplicity/complexity: of two models
which fit the data equally well choose the simplest. However, notions of simplicity/complexity are not
well-defined nor intrinsic to the class of models. The simplicity/complexity ordering is arbitrary and in its
most general form is just one of preference. Hence the general modeling schema is one in which surprise
flows up the hierarchy and preference flows down. In situations that are mathematically well-defined, such
as determining the structure of a stochastic automaton from its behavior, such a model schema gives the
correct results, Conversely, the success of the schema in stabilizing with regard to a given universe defines
the characteristics of that universe. We can construct probability theory from the assumption that certain
modeling schema stabilize (Gaines 1977).

The basic modeling system is one in which surprise flows up the hierarchy and preference flows down.
Surprise is generated from experience so that it is easy to see its origins. However, where does preference
come from? To some extent it may be preset, genetically encoded. However, this does not seem to account
for the origins of novel models. Language is a way of by-passing the normal modeling procedures and
interacting directly with the system at any level. In particular it can directly affect the preference system.
Language is essential to much of human learning and our interaction with the knowledge construct
(Wojciechowski 1983, Gaines & Shaw 1983) is just as important as our interaction with the world (Shaw
& Gaines 1983a).

Surprise, Emotion and System Formation
Surprise is a primitive systemic notion. It is the feedback to a modeling system that what is being modeled
does not accord with the model. Melges (1982) notes that:
“the normal function of emotions is to attune the person to overall discrepancies between the present and
the future so that he adjusts his plans of action to his future images.”
Thus human emotions may be seen as derived from surprise with the type of emotion varying according to
circumstances. The deviation from the model may be construed as having adverse or beneficial
consequences, being distracting, requiring attention, investigation, action, and so on. This is consistent
with Kelly’s notion that negative emotions arise through the violation of co