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Abstract

Personal construct theory is one of the im-
portant tools for knowledge acquisition. It
provides an expert’s opinion of the rela-
tionship between objects and their prop-
erties in the form of a repertory grid.
The current techniques provide the reper-
tory grid in the form of a matrix of in-
tegers. This paper describes the prelimi-
nary attempts for elicitation and analysis
of repertory grid using a range of integers
for each relationship. Such an elicitation
leads to a more natural description of the
expert’s knowledge in addition to a better
user interface.

Introduction

The knowledge acquisition phase of expert system
development involves a knowledge engineer inter-
view an expert and transcribe the elicited knowl-
edge in a machine usable form. Automatic knowl-
edge acquisition tools perform the same job of in-
terview and knowledge transcription. These tools
eliminate the possibility of errors that could be in-
troduced by personal biases of the knowledge engi-
neer and allow for rapid prototyping.

One of the most important automated knowledge
acquisition tools is based on personal construct the-
ory that emerged in the domain of clinical psychol-
ogy in the mid ’50s [3]. Boose applied personal
construct theory in the development of knowledge-
based systems [1]. Personal construct theory pro-
vides the basic tool to automate the structured in-
terview technique resulting in a knowledge structure
– the repertory grid.

According to personal construct theory, a person
classifies the objects with which he/she interacts.
These classes of objects have a direct effect on
the person’s behavior under any set of circum-
stances. Personal construct theory elicits the im-
portant classes and establishes a relationship be-
tween different objects while retaining the point
of view of the person. This elicitation is achieved
through a structured interview.

Before the interview, a person gives examples of im-
portant objects in his/her environment. The ob-
jects given by the interviewee are known as entities
and are said to form the training set for the sys-
tem. During the interview, the interviewer selects
three entities from the training set at random and
presents them to the interviewee. The interviewee
then distinguishes between these entities such that
two entities in the triad have a common property
not possessed by the third. This property is called
a construct. Once a construct has been elicited,
the interviewee assigns a rating to each entity in
the training set to reflect the extent of relevance of
the construct in the description of that entity. This
process is repeated many times to elicit as many
constructs as possible. During each iteration, the
interviewee is presented with a fresh triad of entities
from the training set. The interviewee can add enti-
ties to the training set, and provide a rating for the
new entities with respect to all the constructs that
have been previously elicited. The interviewee can
also add important constructs that may not have
been possible with the random combination of en-
tities being presented. All the ratings elicited from
the interviewee are structured in the form of a ma-
trix known as a repertory grid.

A repertory grid is a knowledge structure that stores
a user’s viewpoint in the domain of interest. The
repertory grid provides data for approximating the
probability distribution of each construct with re-



spect to the entities in the training set. The data
in the repertory grid is analyzed to quantify and
display the extent of mutual relationships between
entities or constructs. The extent of mutual rela-
tionship shows the degree of co-occurrence of con-
structs in the interviewee’s point of view.

In the current interview schemes, the interviewee
indicates the extent of relevance of an entity to a
construct using an integer selected from a prede-
fined rating scale. An example of such a rating scale
can be a scale of 1 (completely irrelevant) to 7 (ex-
tremely relevant) with other values signifying the
intermediate extent of relevance. During such inter-
views, we observed that even when an interviewee is
familiar with the entities to a great extent, he/she
is at times ambivalent about the assignment of rat-
ings to some entities with respect to the elicited con-
structs. At times, the interviewee wants to assign
a range to describe the ratings (for example, from
“good” to “excellent”). Since the purpose of the
knowledge acquisition process is to make it easy for
the interviewee to express his/her viewpoint, it is
obvious that there is need for a methodology that
allows the expression of a range of ratings rather
than a crisp value.

This led to the idea of developing an interview
scheme that allows the interviewee to assign a range
of values to provide the rating. Such a system
should encompass the existing systems of crisp-
valued ratings as a special case. The addition of
multivalued ratings poses a problem in the analy-
sis of the elicited repertory grid. The post-interview
analysis of the new grids must be modified to reflect
the existence of a new dimension in the grid.

In this paper, we present the idea of an interval
to represent the ratings of a construct with respect
to an entity. We call the resultant system as a
fuzzy knowledge acquisition system because of the
fact that the interviewee provides an interval to de-
scribe the ratings, without a firm commitment to
any particular integer even within the interval.

New Interview Approach

This section provides the details of the structured
interview that elicits the ratings from a person in
the form of an interval. The set up for the interview
proceeds in the same manner as the conventional
interview. After eliciting a construct, the system
presents each entity in the training set to the in-
terviewee and elicits his/her opinion of the entity
with respect to the elicited construct in the form

of a rating on a rating scale. In our system, this
rating is elicited in the form of a pair signifying the
lower-bound and upper-bound for the relevance of
a construct in the description of an entity. The in-
terviewee can respond in the form of an interval to
indicate the belief and plausibility, or can provide a
crisp rating by keeping the same value for both the
upper and lower bound.

Let the rating scale be an interval between two in-
tegers 1 and k. Then, a rating of [1, 1] implies full
confidence in the fact that the construct is not rel-
evant in the description of the entity. A rating of
[k, k] implies full confidence that the construct is
extremely relevant in the description of the entity.
In a number of cases, a person may not know the
extent of relevance. Such a case can be easily taken
care of by a rating of [1, k]. Similarly, in a case in
which the expert is sure that the construct is not
relevant to the entity but does not know the extent,
he/she can assign a rating of [1, l] (l � k). If the
person has a high degree of confidence in the con-
struct being relevant, but short of full confidence,
he/she can assign a rating of [l, k] (k − l� k).

In its current implementation, our system saves
the responses from the interviewee in a data base.
These responses include the training set of enti-
ties, the set of constructs elicited during the inter-
view, and the ratings of entities with respect to con-
structs. The data base can be later edited to reflect
the changes in the interviewee’s pattern of think-
ing. The editing is performed through the system
to maintain the consistency of elicited data.

The ratings assigned by the interviewee are saved
in the form of a repertory grid. The analysis of a
repertory grid can provide insight into the intervie-
wee’s patterns of thinking. In the next section, we
discuss the analysis of a new repertory grid.

Repertory Grid Analysis

A repertory grid provides a convenient framework
to observe the extent of relevance of a construct to
the entities, or vice versa, in the training set. The
raw data in the repertory grid can also be analyzed
to readily quantify the extent of mutual relation-
ships between different constructs, or the extent of
similarity between the entities. In this section, we
will present a new analysis method suitable for the
fuzzy grids and contrast its performance with the
cluster analysis technique for a corresponding con-
ventional grid. This method is adapted from the
cluster analysis method investigated by Shaw [4].



The original repertory grids devised by Kelly were
based on strict boolean values for the ratings. In
boolean-valued grids, the constructs were rated to
be either present or absent in the entities. The grids
were extended by the researchers to multivalued rat-
ings on a predefined scale. The ratings, however, are
meant to be in the form of crisp integers. Thus, cur-
rent repertory grids are limited to crisp rating val-
ues and are essentially two-dimensional structures.
The new repertory grid, on the other hand, allows
for the interval-valued ratings and can be abstracted
as a three-dimensional structure. The third dimen-
sion is added to allow more than one rating value
for each construct with respect to each entity. Rep-
resentation of interval-valued ratings presents new
problems in the grid analysis.

Let the repertory grid consist of ratings on n el-
ements and m constructs. The rating assigned to
entity ei with respect to the construct cj is denoted
by rij and is found at the intersection of the ith col-
umn and jth row of the grid. The distance between
two constructs cj and cj′ is denoted by Dj,j′ while
the similarity between the same two constructs is
denoted by σj,j′ . The distance in a conventional
grid is given by

Dj,j′ =
n∑
i=1

|rij − rij′ | (1)

The distance measure between each pair of con-
structs is used to compute the similarity σ between
two constructs using the following expression [2].

σj,j′ =
−200×Dj,j′

((k − 1)× n)
+ 100 (2)

where k is the maximum possible rating and n is
the number of entities in the training set.

The interval rating represents the extent of uncer-
tainty in the interviewee’s opinion. The fuzziness
in the acquired knowledge makes it harder to an-
alyze a grid to develop a cluster of constructs (or
entities).

Our first attempt in the analysis of a fuzzy grid is
motivated by providing a maximum and minimum
level of confidence in the similarity matrix. This is
achieved by using Expressions 1 and 2 from the con-
ventional grid analysis by treating the pair of values
representing the interval rating as separate entities.
This evaluation is performed by first evaluating the
difference and similarity between every pair of con-
structs on the basis of the lower limit in the rating
interval and then, by performing the same computa-
tion on the upper limit of the interval. The analysis

for the pairwise similarity between entities proceeds
in an analogous manner.

Each element in the similarity matrix is in the form
of an ordered pair (u, v). u represents the least
amount of confidence in the similarity of two con-
structs and v represents the maximum possibility of
their similarity. It is important to note that both
u and v are treated independently of the other in
the computation of the cluster tree. In effect, we
develop a cluster tree corresponding to the u values
and another tree corresponding to the v values.

A cluster tree resulting from a similarity matrix is
presented in Figure 1. The solid line in this figure
indicates the tree derived from the least confidence
in similarity (the u values) while the dashed line in-
dicates the maximum possibility of similarity (the v
values). The maximum possibility of similarity be-
tween some pairs of constructs might be even 100%
(given by the dashed line that almost hugs the x-
axis) while the least confidence may be zero. Over-
all, the two clusters tend to follow the same pattern
for the experiments conducted by us.

c5 c6 c1 c2 c3 c4

100

80

60

40

20

0

Similarity
values

100

80

60

40

20

0

........
........
........
........
........
........
........
........
........
........
........
........
........
........
........
........
........
........
.......................................................................................................................................................... .........

.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
...............................................................................................................

..........................................................................................

...........
...........
...........
...........
...........
...........
...........
...........
......................................................................................................................................................

..............
..............

..............
..............

..............
..............

..............
....................................................................................................................................................................................................................................................................................................

................................................................................................................................................................................................................................................................................

............. ............. ............. ............. ............. ............. ............. ............. ............. ............. .............

............. ............. ............. ............. ............. ............. ............. ............. ............. ............. .............

............. ............. ............. ............. ............. ............. ............. ............. ............. ............. .............

............. ............. ............. ............. ............. ............. ............. ............. ............. ............. .............

............. ............. ..... ............. ............. .................. ............. ............. .................
...

..........
...

..........
...

..........
...

.............
.............

.............
.............

.............

............
.
............
.
............
.
............
.
............
. .............

.............
.............

.............
.............

.............
.............

............

Figure 1: Cluster tree of constructs (fuzzy grid)

This first attempt at analysis is useful to develop
a measure of confidence and possibility of similar-
ity between two constructs (or entities) from an ex-
pert’s viewpoint. Our future efforts will be concen-
trated on improving the analysis phase using the
probability theory.

Conclusion

In this paper, we have presented a new user inter-
face for an automated interview using the principles
of personal construct theory. The new interface is
based on allowing the expert a fuzzy expression of
knowledge while doing away with the prevalent em-
phasis on exactness in the existing techniques. A
fuzzy expression of knowledge makes the tool easy



to use for a domain expert compared with the ex-
isting interfaces. Still, the better features as well
as the results from conventional techniques are pre-
served. Our future efforts are focused on the im-
provement of the analysis phase in the entire knowl-
edge acquisition process based on a fuzzy repertory
grid.
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