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Abstract

Two experiments were conducted in order to study
generalization within stimulus classes based on common
physical characteristics. In Experiment 1, using a
replication design, the effects of two different training
procedures were examined with three developmentally delayed
children. In one condition six stimulus classes were
trained, using one member from each stimulus class. Once
training had been completed, generalization was assessed to
seven other members from each stimulus class trained.
Following the generalization test, the stimulus classes were
retrained using a second member from each of the six
stimulus classes. These were the stimulus members judged
least similar to the original training stimuli.
Generalization was assessed to the remaining stimulus class
members. In a second condition six stimulus classes were
trained by alternating the two stimulus members least
similar to one another. Following training, generalization
was assessed to untrained stimulus class members. The
results from this experiment indicated that both procedures
produced the same amount of generalization, although the
training of two exemplars near the same point in time may be
more cost-effective when training a large number of stimulus

classes.



Experiment 2 examined the issue of similarity and
diversity of exemplars. One developmentally delayed and two
normal children were taught to name stimulus classes within
a replication design. In one condition, six stimulus
classes were trained using two similar members from each
stimulus class. Generalization was assessed to stimulus
class members rated as being similar and different to the
training members. 1In a second condition, six stimulus
classes were trained using two stimulus members from each
class that had been rated as different from one another.
Generalization was again assessed to similar and different
untrained stimulus class members. The results indicated
that the training of two diverse stimulus members produced
high amounts of generalization to both similar and different
untrained stimulus members. The training of two similar
stimulus members proved effective in promoting
generalization to other similar stimulus members, but not to

stimulus members which reflected greater diversity.

The results from both experiments were also analyzed on
a post hoc basis to determine if they would add support to
the "best exemplar theory" of categorization (Mervis & Pani,
1980). The results of this analysis did not support this

theory. Recommendations for further research are suggested.



Introduction

Generalization is an important consideration for anyone
concerned with affecting any kind of behavioral change. The
present research is concerned with stimulus generalization
within stimulus classes in the area of language development.
Stimulus generalization is often said to have occurred when
a response becomes more probable in the presence of a novel
or new stimulus or situation after having been reinforced in
the presence of another stimulus or situation (Martin &
Pear, 1988). However, the strength of the behavior with the
new or novel stimulus is less than that found with the
original training stimulus. Furthermore, this decrease in
strength is related to the difference between the training
stimulus and the new or novel stimulus (Guttman & Kalish,

1956) .

Stokes and Baer (1977), in their seminal article on
generalization, defined it in a somewhat different manner:
"generalization will be considered to be the occurrence
under different nontraining conditions (i.e., across
subjects, setting, people, behavior, and/or time)
without the scheduling of the same events in those
conditions as had been scheduled in the training
condition. Thus, generalization may be claimed when no

extra training manipulations are needed for extra



training changes; or may be claimed when some extra

manipulations are necessary but their cost or extent is

clearly less than that of the direct intervention (p.

350) ."

It would seem that these authors approach
generalization from more of a cost-benefit analysis. 1In
addition, they would appear to define it in a much broader
sense in that they are discussing response generalization,
stimulus generalization, and behavioral maintenance (Martin
& Pear, 1988). The present research, when referring to
aspects of the Stokes and Baer article, will be concerned
with its suggestions for the promotion of stimulus

generalization.

Within the area of language development and
developmental disabilities, a question which has received
some attention from researchers concerns the amount of
generalization found across stimulus modalities (e.g.
objects, picture cards) after training in one modality.
Previous research findings have shown that a naming response
taught using picture cards or photographs of objects will
not automatically generalize to the corresponding real
object when they are encountered by an individual in the
natural environment. For example, Welch and Pear (1980)
taught naming responses to retarded children in a classroom

using either the real object, a photograph of the object, or



5
a picture of the object. Generalization to real objects was
assessed in the children’s natural environment. For three
of the four children tested, generalization was found to be
superior after training with objects. All three training
modalities were found to be equally effective with the
fourth child. These results support the use of real objects
if one wants to ensure generalization to real objects when

encountered in the natural environment.

In a similar vein, Handleman, Powers, and Harris (1984)
taught either objects or pictorial representations of
objects to three retarded children and tested for
generalization across modalities. For two of the three
- children, generalization was low while the results with the
third child were considerably better. Thus it would seem
that the ability to generalize from picture cards to objects
and vice versa is not an automatic process and needs to be

programmed.

Related to the question of generalization from objects
to picture cards and vice versa is the question of the
amount of generalization found within a stimulus class after
training with one member of that class. As defined by
Martin and Pear (1988), a stimulus class "is a set of
stimuli all of which have some characteristic in common" (p.

182). For example, all objects which we commonly label with
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the word "cup" share a similar shape and function. When an
individual can correctly label all "cups" and discriminate
between "cups" and other objects he or she is showing
conceptual behavior (Keller & Schonfeld, 1959). Spradlin
(1982) has defined a stimulus class in a somewhat different
manner to refer to a number of stimuli which all control the
same behavior. This definition is much broader than that
used by Martin and Pear since presumably stimuli which do
not share common characteristics could be potentially
members of the same stimulus class. However, the present
research is concerned with the development of stimulus
classes that share certain characteristics and will thus
rely on the Martin and Pear definition. Specifically, the
term "stimulus class" as used in the present research will
refer to a number of objects which have certain
characteristics in common and are labelled with the same

name or verbal response (e.g., cup, kettle, bracelet).

In an extension of the work of Welch and Pear (1980),
Salmon, Pear, and Kuhn (1986) trained retarded children in a
classroom to name either picture cards or real objects that
were selected on the basis of matching the picture cards.
Once training had been completed, generalization was
assessed in the child’s natural environment using the
training object or the object that matched the picture card

(if picture cards had been trained) plus four other objects



belonging to the same stimulus class as the training
stimulus. The results replicated those of Welch and Pear
(1980) in that generalization to the training objects was
greater after training with the real objects than after
training with pictures of the objects. Furthermore,
generalization to the other stimulus class members after
training with objects was superior to generalization found
after training with picture cards. However, regardless of
whether training was conducted using objects or picture
cards, generalization was far from ideal for most stimulus
classes. It should be noted, however, that after training
with real objects generalization to all stimulus class
members was at or near optimal levels for a few stimulus

classes.

In a second experiment, Salmon et al. (1986) attempted
to increase the amount of generalization by retraining half
of the naming responses which had initially shown little
generalization by alternating either the original training
object or the object that matched the original training
picture (in those cases where picture cards had been the
training stimulus) with the object least similar to the
training object. The other half were simply retrained using
the original training stimulus or the object that had
matched the picture card. For the three children who

participated in this research, the alternating procedure
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resulted in significant increases in generalization whereas
there was only modest or no gains in generalization after
simply retraining the naming responses using the original
training stimulus. This method of promoting generalization
1s an example of training sufficient exemplars (Stokes and

Baer, 1977).

Similar findings have been noted by Anderson and
Spradlin (1980) who trained a retarded child to name
different objects and tested for generalization to other
objects belonging to the same stimulus classes as the
training objects. For four of the six object names trained,
the use of only one exemplar was insufficient to produce
generalization to other members of the same stimulus class.
However, the training of more exemplars produced systematic
increases in the amount of generalization obtained. For two
of the naming responses the training of three exemplars was
sufficient to produce perfect generalization. For one, it
was necessary to train four exemplars; and for the remaining
object, five exemplars had to be trained before perfect

generalization occurred.

The results of the study by Salmon et al. (1986) and
the study by Anderson and Spradlin (1980) clearly indicate
that i1f one wishes to increase generalization within a

stimulus class, the training of more than one exemplar is an



important reguirement, although there were exceptions to
this general rule in both studies. While both the above
studies were similar in terms of their goals, there was some
important procedural differences. In the Salmon et al.
study, during training the authors concurrently trained two
stimulus classes, alternating two exemplars from each
stimulus class, and tested for generalization. On the other
hand, Anderson and Spradlin, using either a concurrent or a
serial training procedure, trained one exemplar at a time
and tested for generalization. If insufficient
generalization was noted a second exemplar was trained, and

so on until generalization was at an optimal level.

The procedural differences between these two studies
are not uncommon in the "sufficient exemplar" literature.
In their seminal article, Stokes and Baer (1977) suggest
that if the training of one exemplar is insufficient in
terms of producing adequate generalization then a second and
a third exemplar, etc., should be trained until
generalization is at the desired level. This suggestion of
training one exemplar at a time is often found in the
behavioral literature. For example, Parsonson and Baer
(1978) trained tool improvisations with preschool children
by training one exemplar of a particular tool (e.g., hammer)

and noted whether generalization occurred. The authors
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introduced a new tool each session and noted the effect on

generalization to untrained tools.

Research which is similar to that of Salmon et al.
(1986) is also often found in the sufficient exemplar
literature. Stokes, Baer, and Jackson (1981) found little
generalization of a greeting response after training with
one experimenter. However, training of this greeting
response concurrently with two experimenters resulted in
generalization of the greeting response to a number of

experimenters.

Thus, while similar, the above mentioned studies have
some important procedural differences. However, it may very
well be that the Salmon et al. procedure represents a more
fruitful means of promoting generalization in that the
alternating of two members of the same stimulus class at
about the same point in time may increase the probability
that the behavior 1s more guickly brought under appropriate
stimulus control. It would seem likely that by
systematically varying members of a stimulus class near the
same point in time, thus exposing an individual to the
relevant and irrelevant physical characteristics of the
stimulus class along with the verbal label for the class,

one should be successful in teaching an individual which
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properties are relevant in terms of being able to correctly

name or identify a particular stimulus class.

Also very much related to the issue of generalization
is the question of how many exemplars are sufficient in
terms of producing the desired amount of generalization. At
present no succinct answer can be forthcoming, although
Stokes and Baer (1977) suggest that the type of task and the
subject’s prior history are important determinates. In
further commenting on this issue they note that:

Diversity of exemplars seems to be the rule to

follow in pursuit of the maximum generalization.

Sufficient diversity to reflect the dimensions of

the desired generalization is a useful tactic.

However diversity may also be our greatest enemy:

too much diversity of exemplars and not enough

(sufficient) exemplars of similar responses may

make potential gailns disproportional to the

investment of training effort. The optimal

combination of sufficient exemplars and sufficient

diversity to yield the most valuable

generalization is critically in need of analysis.

(Stokes and Baer, 1977, p.357)

In a recent article Stokes and Osnes (1989) have

attempted to refine the classification system proposed by
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Stokes and Baer (1977). They proposed three areas of
general principles: a) Exploit current functional
contingencies; b) Train diversely; and c¢) Incorporate
functional mediators. Within each area four programming
tactics are described. Of particular concern to the present
research is the general principal of "Train Diversely®.
Within this area, one of the four programming tactics they
describe 1is the use of sufficient stimulus exemplars. While
the authors suggest that only a small number of stimulus
exemplars is needed to promote generalization, they do not
specifically comment on how similar/diverse exemplars need

to be for the programming of generalization.

The Salmon et al. study used only two exemplars (the
most diverse) and found overall increases in generalization,
although for some stimulus classes the alternating procedure
did not produce increases in generalization to optimal
levels. 1In the Anderson and Spradlin study (1980) one
exemplar had to be trained in two cases only, while with the
remaining objects a range of from 3-5 exemplars had to be
trained before generalization was found to be optimal to all
testing stimuli. While in the Salmon et al. study the
authors alternated the two least similar members of a

stimulus class, in the Anderson and Spradlin study the

exemplars on a purely random basis.
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It may very well be that in both above mentioned

studies, where only one exemplar had to be trained the
testing stimuli may have been very similar to the exemplar
trained, thus reflecting little diversity. In other cases
where the alternating procedure was used and revealed little
generalization (Salmon et al., 1986) or when four or five
exemplars had to be trained before generalization was found
to be sufficient (Anderson & Spradlin, 1980), the initial
stimuli used may have reflected too much diversity and

little similarity.

Within the behavioral literature the question of
diversity and number of exemplars has gone largely
unanswered. However, within cognitive psychology these
questions have received some research attention especially
as they pertain to increasing generalization within a
stimulus class. From a cognitive perspective the above
problem is one of categorization. Categorization occurs
when two or more objects are treated as being equivalent
(Mervis & Pani, 1980). Within the cognitive perspective one
of the best known theories of categorization is that of the
best-example theory (Rosch, 1973). According to this theory
the best examples of a particular category are those which
have a number of attributes which are possessed by other

members of the same category while at the same time having
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few of the attributes possessed by other categories (Mervis

& Pani, 1980).

Typically in this type of research, adults are asked to
rate a number of objects or photographs of objects, on a 7
point scale, as to whether the stimulus is a good example of
the particular category, a poor example of the category, or
falls somewhere in between (Hupp, 1980). The stimuli of a
category are then classified in the following manner: good
1-3.19, medium 3.2-4.19, and poor 4.2-7. Using the above
method, Mervis and Pani (1980) trained kindergarten children
to name 6 "nonsense" categories using “"nonsense" syllables.
In one condition subjects were trained using one good
example from each category and tested receptively to see how
well the response generalized to three other objects
belonging to the same category. In a second condition one
poor exemplar from each category was trained and
generalization was again assessed to other members of the
categories. The results revealed that generalization to
other category members was significantly better after

training with one good exemplar than with one poor exemplar.

In a similar study severely retarded children were
trained to name objects using three different conditions
(Hupp & Mervis, 1982). Again, adults initially rated a

number of pictures of objects as to whether they were good,
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poor, or moderate examples of a particular category. Each
category contained 26 pictures of objects, with two
categories being trained in each of three conditions. In
one condition one good exemplar (GEl) of each category was
trained; in the second condition three good exemplars (GE3)
of each category were trained; and in the third condition
one good, one moderate, and one poor exemplar were trained.
The authors examined both expressive and receptive language
and report that for expressive language, training with one
or three good exemplars produced more generalization than
training with one good, one moderate, and one poor exemplar
of a category. They also noted that training with three
good exemplars resulted in generalization to a greater range
of exemplars (good, moderate, and poor) than did training
with one good exemplar. Unfortunately, the authors present
no data, statistical or otherwise, to support this claim.

Thus their conclusions cannot be properly evaluated.

When the children’s receptive language abilities were
statistically analyzed the authors, in general, found
results similar to those found with expressive language.
Generalization to all exemplars was statistically
significant for the GE3 condition, although the overall mean
percentage of correct responses to all untrained photographs
was only 50.8%. In the GEl condition only those responses

to exemplars which had been classified as good reached
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statistical significance. The mean percentage of correct
responses to these exemplars was 50%. In the condition in
which a good, moderate, and poor exemplar were trained, the

results failed to reach statistical significance.

In commenting on their findings the authors suggest
that what is important is not so much the number of
exemplars trained (cf. Stokes and Baer), but whether these
exemplars are good examples of a given category. This would
seem to imply that similarity of (good) exemplars rather
than diversity is crucial in terms of training stimulus
classes. However, in the Salmon et al. (1986) study it was
the two most extreme or diverse exemplars which were found

to be effective in terms of increasing generalization.

Statement of the Problem

The above review of the literature has identified two
unresolved issues related to the development of stimulus
classes specifically, and to the generalization literature
in general. The first issue concerns the means by which a
stimulus class is trained; i.e., through the training of one
exemplar of a stimulus class at a time or by alternating two
exemplars of a stimulus class at about the same point in
time. The second issue relates to the question of diversity
of exemplars. Is the more efficient means of promoting

generalization to train two exemplars that are similar to
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one another or two exemplars that reflect a wider range of
stimulus characteristics. The proposed research attempted
to answer these questions. In the first experiment children
were trained to name objects using the two exemplars least
similar to one another as training stimuli (cf. Salmon et
al, 1986). 1In one condition these two stimuli were trained
one at a time with generalization to untrained stimuli being
assessed after each had been trained. In the second
condition the two trained stimuli were trained at the same
time using the alternating procedure (cf. Salmon et al,
1986) and generalization to untrained stimuli was again

assessed.

A second experiment examined the question of diversity
of exemplars. Using the alternating procedure, two
exemplars were trained. In one condition the exemplars used
in training were selected to reflect greater similarity and
less diversity. In the second condition the exemplars were
selected to reflect greater diversity and less similarity.
This experiment should shed some light on the issue of
similarity and diversity of exemplars which, as Stokes and
Baer (1977) have suggested, 1s critically in need of
analysis. The present results should greatly add to our
understanding of the most effective means of teaching
stimulus classes to normal and developmentally delayed

individuals.
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Experiment 1

Method
Subijects
Three students from the Brockville public school in
Spruce Grove, Alberta, participated in the present research.
This school has classes from Grades K to 9, with handicapped

children being integrated into the regular school system.

Potential subjects for the research were selected on
the basis of interviews with teachers. A letter was sent to
the parents of the children explaining the nature of the
research and seeking permission to employ their child in the
research. A token reinforcement system was used throughout
the study because some teachers were concerned about
providing extrinsic “rewards" to the children. They saw the
token system as being more acceptable in that the primary
reinforcers followed the training sessions. This, they
believed, more closely resembled the classroom situation
where they might provide "treats® to the children after

completing a lesson.

Dawn was six years o0ld and diagnosed as being
developmentally delayed, especially in the area of speech.
Her last formal speech assessment, at the age of 4-2, had

found her receptive language equivalent to age 2-2. Her
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expressive language abilities were equivalent to age 1-6.
She also suffered from a mild to moderate hearing loss in

her right ear and as a result wore a hearing aid.

Esther was 5 years old and had been diagnosed as having
Mosiac Down’s Syndrome. She was described as having a short
attention span. A psychological assessment conducted
independently at the same time this research was being
conducted found her to have an IQ of 61+6, using the

Stanford Binet Test of Intelligence.

Katherine was 8 vears old and diagnosed as Autistic.
On the Peabody Picture Card test she scored a MA of 2-1.
Her expressive language abilities were found to be

equivalent to a 2-3 year old.

Setting and Apparatus

Training and testing sessions were conducted in a 3 m x
4 m room in the school. The experimenter and the subject
sat opposite one another at a table. A small console was
placed on the table which allowed the experimenter to
control the length of a trial and intertrial interval. A
trial lasted for 8 seconds or until the child emitted a
response, whichever came first. This was followed by an

intertrial interval of 5 seconds. Training and testing
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objects were placed on the floor within easy reach of the

experimenter but out of sight from each child.

Nearby a clock timed the length of each session and a
camcorder videotaped each session. A tape recorder, on the
table, audiotaped all sessions. Data sheets and token
reinforcers were placed on the table in front of the

experimenter. Each session was 20 minutes in length.

Training and Testing Stimulus

Forty stimulus classes were selected prior to the start
of this research. As much as possible, objects were
selected on the basis of being commonly found in a person’s
environment. In addition, ease of presentation was also
considered in determining which stimulus classes would be
trained. Within each stimulus class, eight objects
(stimulus members) were selected for training and testing
purposes. Initially one member from each stimulus class was
selected by the experimenter and designated the first
training member (SM1). Following this, 10 adult raters
independently rank ordered the remaining seven members in
relation to the first training stimulus member on the basis
of similarity (See Appendix A for the rating instructions).
Since the most extreme stimulus members were to be trained,
if seven of the ten raters agreed on which member was least

similar to the first training member, the eight members of
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the stimulus class were deemed acceptable for the purposes
of the research. However, 1if fewer than seven of the ten
raters agreed on which stimulus member was least similar to
the first training member, the experimenter selected new
stimulus members for that stimulus class and they were then
rated a second time, etc., until the desired level of
agreement was reached. In addition, if three or more of the
ten raters indicated that a stimulus member did not belong
to that stimulus class it was discarded and a new one added.
(The final rating for each stimulus class are shown in

Appendix B.)

Furthermore the experimenter had 10 raters
independently rate members of each stimulus class as to
whether they were good, moderate, or poor examples of a
stimulus class (category) using the procedures developed by
Mervis and Pani (1980). (The instructions for these ratings
are in Appendix C; the results of the ratings are in
Appendix D.) It should be noted that the objects were
selected to conform to the rules laid out in Appendix A. No
attempt was made to ensure that an equal number of stimulus
members were classified as good, moderate, or poor examples
of a category (cf. Mervis & Pani, 1980). The information
obtained from the categorization ratings was used post hoc
in an attempt to integrate the outcome of this research with

the research findings from cognitive psychology.
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Experimental Design

Stimulus classes were trained using a design involving
replication of two conditions. In one condition one
stimulus member at a time was trained (cf. Anderson &
Spradlin, 1980). In the other condition two stimulus
members were trained at the same time using the alternating
procedure (cf. Salmon et al., 1986). 1In both conditions
only two members of each stimulus class were trained. These
were the ones determined on the basis of the ratings to be
least similar to one another. Within each phase each child
was trained to name six stimulus classes. The stimulus
classes were randomly assigned to each condition. Due to
problems with the amount of generalization found in the
first phase with one child, there were only enough stimulus
classes to complete one replication of one of the
conditions. In addition, for one child, due to time

constraints, each condition was presented only once.

Preliminary Procedures

Prior to starting the research, each child proceeded
through a number of preliminary steps in order to ascertain
his or her suitability for the proposed research. These
steps were: (1) Preliminary Assessment; (2) Imitation
Assessment; and {(3) Instruction Following Assessment. It

should be noted that when proceeding through these
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preliminary steps and during the experimental phases each

subject was worked with on an individual basis.

Preliminary Assessment

The function of the preliminary assessment was to serve
as a screening device in order to ensure that the children
were suitable candidates for the proposed research. The
experimenter presented each member of all 40 stimulus
classes, one at a time, followed by the probe: "What'’'s
this?". The subject had 8 seconds in which to name the
object. This procedure was repeated a second and third time
such that each member of all stimulus classes had been
presented to a child three times. All correct responses to
any of the members of a stimulus class were given primary
and social reinforcement. Each member of a stimulus class
which the subject failed to correctly name on all three
occasions was considered unknown and suitable for training.
If a subject correctly named one or more members of a
stimulus class on one or more occasions it was considered
known for the purposes of this research and unsuitable for

training.

After the completion of the preliminary assessments,
subjects were selected on the basis of failing to name, at a
minimum, 24 stimulus classes. All three children met this

minimum criteria. If more than 24 stimulus classes were
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unknown, the experimenter randomly selected the 24 stimulus

classes to be used in the research.

Imitation Assessment

Immediately after the preliminary assessments were
completed an imitation assessment was conducted. The
experimenter removed all training and testing stimuli and

said to the subject: Say " “, Each of the naming

responses was presented sequentially, three times each. The
experimenter noted whether the subject could imitate the
response correctly or give a reasonable approximation of the
desired response. Responses which the subject failed to
imitate correctly were given imitation training until the
subject could emit an exact or close approximation of the

desired response.

Instruction-Following Assessment and Token Training

Following the imitation baseline each subject was
assessed as to her ability to follow some simple
instructions (e.g. touch your nose, touch your hair, clap
yvour hands). If a subject was unable to follow some of
these instructions, she was trained to emit the responses
upon request, through the use of modelling and physical

guidance.
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The experimenter initially modeled the desired
response. I1f the subject imitated the modeled response she
was reinforced. If the subject failed to imitate the
modeled response, the experimenter modeled the correct
response and at the same time physically guided the subject
in making the response. After the behavior was performed at
a high rate, the modelling and physical guidance were faded
out until the subject was emitting the response on request.
All correct responses were given tokens in the form of
pennies and social reinforcement in the form of "Good girl".
Following the end of each session tokens were exchanged for
backup reinforcers. Backup reinforcers were a choice
between pieces of “Smarties", chips, "Cheezies", or 1/2
teaspoon of ice cream. However, over the course of
assessing and training instruction following, the schedule
of reinforcement for the tokens was changed until the
subject was reinforced on a variable-ratio (VR) 5 schedule
of reinforcement (on the average every fifth correct

response was reinforced).

Overview of Training and Testing Procedures

Each phase of the experiment proceeded through the
following steps: (1) Laboratory Test; (2) Training; (3)
Post-Training Test; and (4) Generalization Test. This
sequence differed somewhat for the two experimental

conditions. In one condition six stimulus classes were



26
trained using only the first stimulus class member (SM1).
Once all six stimulus classes reached criterion, the Post-
Training Test and Generalization Test were conducted. This
was followed by retraining the same stimulus class using the
stimulus member least similar (SM8) to SM1 as the training
stimulus. Once the stimulus class had again reached
criterion, a second Post-Training Test and Generalization
Test are conducted. 1In the other condition the six stimulus
classes were trained to criterion alternating stimulus class
members SM1 and SM8. This was followed by the Post-Training
Test and the Generalization Test. Thus training in this
condition followed the procedure outlined by Salmon et al.,

(1986) .

Laboratory Test

Once the 24 stimulus classes were selected, six were
randomly chosen for each phase of the study for each
subject. During the laboratory test all eight members of
the six stimulus classes were reassessed in order to ensure
that they continued to be unknown. The eight members from
each of the stimulus class were randomly presented to each
of the subjects, one member at a time, followed by the probe
"What’s This?", whereupon the subject had 8 seconds to
respond with the appropriate name of the object. These

probes were interspersed among 14 instructions. Probes and
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instructions were interspersed in the following manner (with
reinforcement indicated in parenthesis):
1) Instruction
2) Instruction (Reinf.)

3) Instruction

4) "What'’s This?"

5) Instruction

6) Instruction

7) "What’s This?"

8) 1Instruction (Reinf.)
9) Instruction

10) Instruction

11) Instruction (Reinf.)
12) "What’s This?"

13) Instruction

14) "What’s This?"

15) Instruction

16) "What'’'s This?"

17) Instruction (Reinf.)
18) Instruction

19) *What’s This?"

20) Instruction

This sequence of instructions and probes was repeated
24 times such that all eight members of the six stimulus

classes were presented three times. The order of
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presentation of the training items was randomized within

each seqguence as was the presentation of instructions.

The above procedure is identical to that used by Welch
and Pear (1980) and Salmon et al.(1986). The rationale for
reinforcing only correct responses on instruction trials is
'based on research by Bucher (1973) and Martin (1974), who
noted that reinforcing only certain instruction trials was
sufficient to maintain correct responses to nonreinforced
instructions. Thus, presumably, reinforcing only correct
responses to certain instructions enabled the experimenter
to assess the amount of generalization which occurred
without confounding the results with reinforcement. At the
same time maintenance of the behavior during Generalization

Tests was ensured.

Those members of a stimulus class, which a subject
again failed to name on all three occasions on which the
above sequence was presented, were considered unknown and
suitable for training. If a subject correctly named a
member of a stimulus class on one or more trials, a new
stimulus class was selected and the Laboratory Test was

repeated.
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Modification of the Laboratory Test

As a function of the results obtained in the first
training condition with Dawn, some procedural changes were
made to the Laboratory Test and this training condition was
replicated for both Dawn and Esther. Within the Laboratory
Test, the instructions were dropped and known stimulus
classes were interspersed with unknown stimulus classes. In
addition, because the Laboratory Test was found to be rather
time consuming, the ratio of known to unknown trials was
increased from 14:6 to 10:10. The higher ratio resulted in
fewer trials overall since there was a limited number of
unknown stimuli. Probes for known and unknown stimulus

classes were interspersed in the following manner:

1) "What’s This?" (Unknown)

2) "What’s This?" (Known) (Reinf)
3) "What ‘s This?" (Unknown)

4) "What’s This?" (Unknown)

5) "What ‘s This?" (Known)

6) "What’s This?" (Known)

7) "What’s This?" (Unknown)

8) "What’'s This?" (Known) (Reinf)
9) "What’s This?" (Unknown)

10) "What’s This?" (Unknown)

11) "What‘s This?" (Known) (Reinf)

12) "What’'s This?" (Unknown)

13) "What’s This?" {(Known)
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14) *"What’s This?" (Unknown)

15) *“"What’s This?" (Known)

16) "What’s This?" (Unknown)

17) *"What'’s This?" (Known) (Reinf)
18) "What’s This?" (Known)

19) *"What’s This?" (Unknown)

20) "What’s This?" (Known)

Thus 10 unknown probes were interspersed among 10 known
probes. The schedule of reinforcement was unchanged and
only known probe items received social or token

reinforcement.

Training Procedures

Training was conducted four to five days per week. One
20 minute session was run. The last 5 minutes of each
session was devoted to cashing in the tokens for back-up
reinforcers. A subject proceeded through a series of prompt
and probe trials until the stimuli reach criterion and were
considered known. During a prompt trial the experimenter
named the stimulus (e.g. "What'’'s This?’ Kettle’."). The
child was required to imitate the prompt. During a probe
trial the subject was asked to name the stimulus (e.g.
"What’s This?"). A concurrent training procedure was used,
similar to that employed by Rowan and Pear (1985) and Salmon

et al. (1986). The experimenter randomly selected two
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stimulus classes for training purposes. While only two
stimuli from each stimulus class were trained in both
conditions, the manner in which they were introduced to the
subjects differed. The two different training procedures

are described below.

Training One Exemplar at a Time

In the one-exemplar-at-a-time (OET) procedure the first
training members ({(SMls) were initially trained according to
the following 8 step sequence (See Figure 1):

1) In Step 1 the experimenter held up SM1 from the

first unknown stimulus class and presented a probe

trial. This first trial acted as a check against the
stimulus classes being known prior to training. If the
subject responded correctly to the training stimulus on

this trial and this trial only, it was discarded and a

new stimulus class was selected. If the subject made

an error (i.e., an incorrect response or failed to
respond within 8 seconds) a prompt trial was presented.

An error on this trial resulted in it being repeated.

A correct response to the prompt resulted in the probe

trial being presented again. A correct response to the

probe trial in Step 1 resulted in Step 2.

2) Step 2 was the same as Step 1 with the second

unknown stimulus class.
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3} Step 3 was the same as Step 1, except: (a) the
stimulus was not discarded if a correct response
occurred on the first probe trial; (b) an error

resulted in a return to Step 1.

4) Step 4 was the same as Step 3 with the second
unknown stimulus class, except that an error resulted

in a return to Step 2.

5) Step 5 was the same as Step 3.

6) Step 6 was the same as Step 4.

7) Step 7 was the same as Step 3.

8) Step 8 was the same as Step 4. A correct response
on a probe trial resulted in the experimenter recycling

through the training procedure.

Successful completion of the training procedure three
times resulted in the stimulus classes being said to have
“reached criterion" and considered known. During the last
two training sequences a correct response to the first probe
trial of Steps 1 and 2 did not result in the stimuli being

discarded.
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The remaining four stimulus classes were then trained,
two at a time, using the SMl’s from each of the remaining
stimulus classes. When all six stimulus classes had been
trained the Post-Training and Generalization Tests were
conducted. Once these two tests were completed the stimulus
classes were retrained using the second stimulus member
(SM8) . The training procedure was identical to that used
with SM1 with the exception that a correct response to the
first probe of Steps 1 and 2 did not result in the stimuli
or stimulus classes being discarded. During training all
correct prompts were given social reinforcement in the form
of "Good Girl!"™ An average of one out of every five correct
responses to probes received token reinforcement (i.e., a VR
5 schedule of reinforcement was used). Every correct probe

trial was given social reinforcement.

Alternating Procedure

Training in the alternating procedure was similar to
that of training one exemplar at a time, with the exception
that two members (SM1 and SM8) belonging to one stimulus
class was alternated with another two members (SM1 and SM8)

belonging to a second stimulus class.

Training proceeded according to the following 8 step

sequence:



1) Step 1 was the same as Step 1 in the
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OET procedure.

Returns to this step from Steps 3 and 7 resulted in SM1

and SM8 being substituted for each other

sequence.

in the

2) Step 2 was the same as Step 2 in the OET procedure.

Return to this step from Steps 4 and 8 resulted in SM1

and SM8 being substituted for each other

sequence.

3) Step 3 was the same as Step 3 in the

except that SM8 was used instead of SM1.

4) Step 4 was the same as Step 4 in the

except that SM8 was used instead of SMl.

5) Step 5 was the same as Step 5 in the

6) Step 6 was the same as Step 6 in the

7) Step 7 was the same as Step 7 in the

except that SM8 was used instead of SMI1.

in the

OET procedure

OET procedure

OET procedure.

OET procedure.

OET procedure

8) Step 8 was the same as Step 3 in the OET procedure

except that SM8 was used instead of SM1.
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The above training procedure sequence was presented six
times to equate the Alternating condition with the OET

condition in terms of the number of training steps.

After successful completion of the training cycle a
sixth time, the responses were said to have "reached
criterion" and were considered known. The four remaining
stimulus classes were then trained, two at a time, using the
same procedure. During training all correct prompts were
given social reinforcement in the form of "Good Girl!ir".
Correct responses to probes received token reinforcement on

a VR 5 schedule of reinforcement.

Post-Training Test for Learning

Following the completion of training and prior to the
Generalization Test, a Post-Training Test wés conducted.
This procedure was similar to that used by Welch and Pear
(1980) and Salmon et al. (1986) and consisted of a series of
probe trials. With those stimulus classes trained in the
OET condition, once the SM1 of each stimulus class had
reached criterion, it was probed ten times. The order of
presentation of each stimulus class was randomized and
correct responses were reinforced on a VR 5 schedule. If a
subject failed to respond correctly on a probe trial, a
prompt trial was presented for that stimulus class.

Regardless of whether the subject responded correctly or
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incorrectly to the prompt, the experimenter proceeded to the
next probe trial. Once this test was completed the

experimenter proceeded to the Generalization Test.

Once the Generalization Test was completed, the six
stimulus classes were retrained using the second member
(SM8) of each class. The Post-test for learning following
the completion of the above training was similar in that
each stimulus class was randomly probed ten times, with each
stimulus member being probed five times. For those stimulus
classes which were trained using the alternating procedure
the two members of each stimulus class were randomly probed
five times. The results of this Post-Training Test gave the
experimenter a percentage known for each trained stimulus

member.

The Post-Training Test was important since prior to the
Generalization Test it was necessary to establish that the
stimulus classes were well known. If the percentage of
correct responses on the Post-Training Test was high and the
subject failed to generalize, one can say with greater
confidence that the poor responding of the subjects during
the Generalization Test does indeed reflect a lack of
generalization. If the stimulus classes are not well known,
one would not expect much generalization to occur. For the

purposes of this research, 80% known or 8 out of 10 probes
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answered correctly was considered adequate. In addition, on
the Post-Training Test following the alternating condition
and following the training of the second member during the
OET condition each subject was allowed no more than one
error to one of the trained stimulus class members. If a
subject scored lower than 80% with any one stimulus class or
made more than one error to any one stimulus member, that
stimulus class was retrained and a second Post-Training Test

was conducted prior to testing for generalization.

Generalization Test

The test for generalization was conducted in the
training room after the Post-Training Test for learning was
completed. The procedure used for testing for
generalization was identical to that employed during the
Laboratory Test. The modifications of the Laboratory Test
that were made for Dawn and Esther were also made for the

Generalization Test with these children. .

Dependent Variables

The dependent variables which were examined in the
research were:
1) Average number of minutes to reach criterion for
each training stimulus.
2) Percent of correct responses for all testing

stimuli during the Generalization Tests.
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3) Error Analysis: An analysis of the errors made
during the Generalization Test by each subject was
undertaken. A subject could have made three types
of errors: a) he or she could overgeneralize (use
one of the training names incorrectly to label one
of the trained stimulus classes), Db) use a name
not trained in the research to label a trained
stimulus class, and c) fail to emit any response
or reply that they did not know the name of the

object.

Interobserver Reliability

All training sessions were recorded on audio-tape and
approximately 1/6 of these were played back to an
independent observer who was familiarized with the
experimenter’s criteria for what was considered a correct or
incorrect response. In addition, all of the Post-Training
and Generalization Tests were recorded and approximately 1/3
were randomly selected and scored by an independent

observer.

Reliability coefficients were obtained by calculating
the ratio of agreements to agreements plus disagreements on
those responses that the experimenter scored as correct and
the ratio of agreements to agreements plus disagreements on

those responses that the experimenter scored as incorrect.
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The reliability coefficients are shown in Table 1. The
reliability coefficient ranged from .85 to 1.0, with many

showing perfect agreement.

Procedural Reliability

All training sessions were video taped and
approximately 1/6 of the session tapes were viewed by an
independent observer and scored as to how well the
experimenter followed the training protocol according to the
following criteria: 1) whether the appropriate stimulus
class was presented, 2) whether the appropriate member of a
stimulus class was presented, 3) whether the training
sequence was adhered to, i.e., the correct presentation of
prompts and probes, and 4) whether token and social
reinforcement were delivered according to the appropriate
schedule of reinforcement. The reliability checks, during
training, indicated that: 1) the wrong stimulus class was
presented on three occasions; 2) the wrong member of a
stimulus class was presented on four occasions; 3) the
training sequence of prompts and probes was incorrectly
presented on one occasion; and 4) the presentation of token

reinforcement failed to occur on two occasions.

In addition, all testing and generalization sessions
were video taped and approximately 1/3 of these were viewed

by an independent observer and scored as to how well the
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Interobserver Reliability Coefficients for Experiment 1
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Procedure

Training Post-Training Generalization
Child C* I*x* C I C I
Dawn 1.00 .98 1.00 .85 .98 .98
Esther .97 .96 1.00 1.00 .99 1.00.
Kathy .95 .97 1.00 .90 1.00 1.00
* C Reliability coefficient for those responses the

experimenter scored as correct.

% I Reliability coefficient for those responses the

experimenter scored as incorrect.
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experimenter followed the training protocol according to the
following criteria: 1) whether the appropriate stimulus
class was presented, 2) whether the appropriate member of a
stimulus class was presented, 3) whether the training
sequence was adhered too, i.e., the correct presentation of
probe and instruction following trials, and 4) whether token
and social reinforcement were delivered according to the

appropriate schedule of reinforcement.

These reliability checks indicated that: 1) the
appropriate stimulus class was always presented; 2) the
appropriate member of a stimulus class was always presented;
3) the training sequence was adhered to perfectly, i.e., the
presentation of instruction following trials, known probe
and unknown probe trials; and 4) on one occasion an unknown
probe trial was socially reinforced during the
generalization test and token reinforcement failed to occur

on three occasions.

Results
The data for Dawn and Esther are presented across the
four phases of the research. 1In phase 1, where one exemplar
at a time was trained, the Laboratory and Generalization
Tests were conducted by interspersing the trained stimulus
classes with instructions. As will be made clear, Dawn

responded poorly during the Generalization Test. It was
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felt that she may have discriminated between probe trials
which were never reinforced and instruction following trials
which were occasiocnally reinforced. As a result the
procedure for the Laboratory and Generalization Tests were
changed for both Dawn and Esther and in phases 2, 3, and 4,
unknown stimulus classes were interspersed with known
stimulus classes. This change lessened the probability that
Dawn or Esther would discriminate between reinforced and

nonreinforced trials.

Figure 2 shows the mean number of minutes to reach
criterion for each stimulus class for the three children.
These calculations also include retraining time for those
stimulus classes that had to be retrained as a result of
failing to meet the criterion specified by the Post-Training
Test. For the first condition where the exemplars were
trained one at a time, the amount of time required to train
each of the two stimulus members was added together. 1In
general, both Dawn and Esther reached criterion in a
relatively short period of time. Criterion was reached
slightly faster when two exemplars were trained together.
For Kathy, training was time consuming. Because of this it
was possible to complete only two phases with her. While
training two exemplars together was somewhat faster, it is
impossible to say how reliable this effect is given that she

only completed two phases of the research.
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Figure 3 shows the amount of generalization for Dawn
across the four phases of the experiment. The black dots
indicate the results of the Post-Training Tests. Over the
course of the research the names of five stimulus classes
had to be retrained with Dawn. In the first phase after
training one exemplar, generalization to untrained exemplars
was low at approximately 10%. After training with the
second exemplar, generalization to the untrained exemplars
was found to be even lower at approximately 3%. Dawn often
failed to respond to the testing stimuli during the

Generalization Test.

Subsequently a second OET phase was conducted with
training after one exemplar showing approximately 15%
generalization to the testing stimuli. However, after
training with the second exemplar there was a substantial
increase in the amount of generalization to approximately
54%. In phase 3, after training both exemplars together,
the percentage of generalization showed a small decline to
approximately 46%. The following OET phase showed
generalization with Dawn to be at approximately 23% after
training with one exemplar. Following the training of a
second exemplar, generalization increased to approximately

40%.
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Figure 4 shows the amount of generalization with Esther
across the four training phases. Five stimulus classes had
to be retrained with Esther. In the initial phase, after
training with one exemplar, generalization to the testing
stimuli was at approximately 18%. Training with the second
exemplar resulted in a large increase in generalization to
approximately 79%. However, because of the initial problem
with Dawn and in order to be consistent in terms of the
testing procedure, the Laboratory and Generalization Test
with Esther was changed in the same manner as with Dawn and
the phase was replicated. After training with only one
exemplar generalization to the testing stimuli was fairly
high at approximately 43%. Training with the second
exemplar produced a small increase in generalization to

approximately 56%.

Training in the third phase using the alternating
procedure produced almost the same amount of generalization
as that found in the second phase, approximately 54%. On
returning to the OET phase, training with the first exemplar
produced only about 8% generalization to the testing
stimuli. Training with the second exemplar produced a

moderate increase in generalization to approximately 32%.
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Figure 5 shows the amount of generalization found with
Kathy. She was extremely slow to learn and because of this
the school year ended before a second OET phase could be
completed. Although initially the procedural changes made
with Dawn and Esther were to be made with Kathy, because of
her slow learning rate these changes were not made. Thus
for Kathy the Laboratory and Generalization Tests remained
unchanged and testing was conducted using probes

interspersed with instructions.

One stimulus class had to be retrained with Kathy. In
the first phase after training with one exemplar she showed
approximately 46% generalization to the testing stimuli.
Following the training of the second exemplar generalization
increased to approximately 70%. In the second phase after
training with the alternating procedure, the amount of
generalization found with the testing stimuli was similar at

approximately 66%.

Table 2 shows the results of the error analysis for the
three children. Dawn and Esther showed very little
overgeneralization to other training and testing stimuli.

As well, they seldom used any other name when presented with
an object which they could correctly identify. In the

majority of instances they either failed to respond or what
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Table 2

Error Analysis Data For Experiment 1

Phase 1 2 3 4
*Type of First Second First Second First/Second First Second
Errors Exemplar Exemplar Exemplar Exemplar Exemplar Exemplar Exemplar

Dawn
1 0 0 0 1 3 3 1
2 4 0 6 4 6 5 2
3 109 105 101 45 49 89 62
Esther
1 1 8 4 6 1 0 0
2 [} 3 6 0 1 6 0
3 102 12 62 42 48 110 73
Kathy
1 48 27 35
2 16 2 2
3 4 3 0

*Pype of Errors

1

Overgeneralization (use of one of the trained names
incorrectly to label an object)

Use of a name not trained to label an objeét

Failed to emit a response or replies that she does not
know the name
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was more probable said that they "didn’t know". Katherine,
on the other hand, showed a great deal of overgeneraliza-
tion. She would often use the same name to incorrectly name
an object. She also initially used a name other than that
trained to label an object. However, this tended to decline
following the training of the second exemplar in the first
phase and in the second phase. She rarely failed to emit a

response.

Table 3 shows the number of good medium and poor
examples used with the three children (cf. Mervis & Pani,
1980). A total of 35 stimulus classes were trained. Nine
of these were deemed by the raters to contain all good
examples of a category. Twelve either contained all good or
moderate examples of a category. Five contained good and
poor examples of a category. The other nine contained a
combination of good, moderate and poor examples of a
category. What is perhaps most interesting and, as the
table makes clear, most striking is the fact that 82% of all
the objects used as either training or testing stimuli were
rated as good examples of a particular category. Ten
percent were rated as medium examples and eight percent as

poor examples of a category.



TABLE 3

Number of Good,
Experiment 1

Type of

Examples

Good
Medium

Poor
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Medium, and Poor Examples of a Category for
Number of Percentage of
Examples Examples

231 82%
28 10%
21 8%
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Table 4 shows the amount of generalization found with each
child regardless of the training céndition after training with
two good examples, one good and one medium example, or one good
and one poor example of a category. The data was combined from
the two conditions since neither condition proved to be superior
in terms of promoting generalization. The numbers in brackets
are the number of categories (stimulus classes) trained using
each of these three conditions. Given Dawn’s low rate of
responding in the first phase, it was excluded from these
calculations. The first training exemplar, chosen by the
experimenter, was always rated as a good example of a category.
Of the 24 categories which contained good, medium, and/or poor
examples of a category, 16 had an object rated as a medium or

poor example of a category as the second training exemplar.

Table 4 clearly reveals that when training two good
examples, the overall amount of generalization to the testing
stimuli was not higher than that found when training included
either one good or one medium example or one good or one poor
example of a category. Indeed the most generalization found with
all three children was when one good and one poor example was

trained.
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TABLE 4

Generalization Results from the Best Example Theory of
Categorization for Experiment 1

Type of Examples Trained

Child G+ G G+ M G+ P

DAWN 49% ( 8) 24% ( 5) 62% ( 5)
ESTHER 48% (11) 49% ( 8) 72% ( 5)

KATHY 58% ( 6) 67% ( 3) 85% ( 3)

G + G = Two Good Examples Trained

G + M = One Good Example and One Moderate Example Trained

G + P = One Good Example and One Poor Example Trained

( ) = The number of stimulus classes trained with each type

of examples
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Discussion

The results from the first experiment indicate that
both training procedures were equally effective in teaching
the names of stimulus classes and promoting generalization.
Both Dawn and Esther reached criterion in a relatively short
period of time. The alternating procedure would seem to be
a slightly faster means of teaching the names of the
stimulus classes. This difference, while not large, may be
significant when one is training a large pool of items.
While Kathy took much longer to reach criterion than the
other two children, the alternating procedure also proved to
be less time consuming in terms of training the names of the
stimulus classes. In the long run, if one were training a
large number of stimulus classes the differences may be
quite large. However, as the first phase was not replicated

with Kathy, no unequivocal conclusions can be drawn.

Both training procedures proved to be equally effective
in terms of promoting generalization. While the results
with the alternating procedure replicate the finding of
Salmon et al. (1986), it was not found to be superior to the
OET condition. Once the procedural changes were made with
Dawn, generalization increased substantially. Thus, she may
well have initially discriminated between reinforced and

nonreinforced trials. With the exception of the first phase
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with Dawn, there was for both Dawn and Esther an overall
decline in correct responding over the four phases of the
research. The reason for this is unclear; it may reflect
some weakening of the token reinforcement contingency.
However, the children continued to acquire the names of the
stimulus classes at a fairly consistent rate over the course
of the research. In addition, although some stimulus
classes had to be retrained, the results of the Post-
Training Test were always high. Moreover the children were
never reluctant to come to the training and testing

sessions.

In conclusion both training procedures were equally
effective in promoting generalization. However, from a
cost-effective view, the training of two exemplars near the
same point in time may represent a more efficient means of
training stimulus classes, assuming that at least two
exemplars have to be trained before sufficient

generalization is noted.

The error analysis clearly reveals that Dawn and Esther
made few naming responses (overgeneralizations or otherwise)
to the testing stimuli. Indeed most of their responses took
the form of "don’‘t know". However, with Debbie there was a
shift in her behavior from the first OET phase where she

often refused to respond to the last three phases where she
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was much more likely to respond "don‘t know" to a stimulus
member she could not correctly name. This finding would
seem to indicate that Dawn was discriminating between
reinforced and non-reinforced trials during the first phase
and that the procedural changes made were effective in
alleviating this concern. The results of the error analysis
with Kathy were quite different, in that she was much more
likely to overgeneralize a response. Often she would use
the same name each time she was presented with a stimulus
member she could not name. She was the only child in the
research diagnosed as being autistic, and, while she was
fairly vocal, much of her behavior was under poor stimulus

control.

The results from the "best example" ratings do not seem
to support the best-example theory, as the training of one
good and one poor example of a category produced as much or
more generalization than did the training of two good
examples. Caution is certainly necessary in interpreting
these results given that most of the stimulus members (82%)
were rated as good examples of a category. It may be that
the training of one good example of a category may produce
more generalization than the training of one poor example.
Given that most of the stimuli were chosen on a rather basis
with no attempt to determine whether they were good, medium,

or poor examples of a category prior to conducting the
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research indicates that most members of a category or a
stimulus class may well be classified as good examples of a
category and the number of medium and poor examples may, in

general, be rarely found in a child‘s natural environment.

Since the alternating procedure was found to be
somewhat superior to the OET procedure in terms of the
amount of time it requires to reach criterion, it was chosen
for Experiment 2. Also, with this procedure the
Generalization Test occurs on only one occasion within each
phase. Experiment 2 examined the issue of diversity of
exemplars. When attempting to promote generalization the
question is whether one should train exemplars that are
similar to one another or whether one should train exemplars
"that reflect greater diversity. In this study, in one
condition two members of a stimulus class that were similar
to one another were trained and generalization to similar
and different stimulus members of the same stimulus class
was assessed. In a second condition, two stimulus members
that were different from one another were trained and again
generalization was assessed to similar and different

stimulus members of the same stimulus class.
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Experiment 2
Method

Subjects

Three subjects took part in Experiment 2. Two of the
subjects (Lillian and Cindy) were enroled in the day care
program at a training and treatment facility, the St. Amant
Centre in Winnipeg, Manitoba. The third (Dan) participated
in the research at his home in Edmonton, Alberta. Prior to
commencing the research, letters were sent to the parents of
the children seeking permission to employ their child in the

research.

Lillian was 4 years old at the time she participated in
the present research. She had been diagnosed as being
developmentally delayed. At age 3-10 her receptive and
expressive language abilities were assessed at 3-0 on the
Sequential Inventory of Communication Development - Revised.
On the Peabody Picture Vocabulary test she scored at age 2-

10.

Cindy was 3-6 at the time she participated in the research.
Dan was 2-8 at the time he participated in the research.
Both Cindy and Dan were developmentally normal and no formal

assessment of their language abilities was conducted.



61

Setting and Apparatus

Training sessions for Lillian and Cindy were conducted
in a room in the research area of the psychology department
at the St. Amant Center. The child and experimenter sat
opposite one another at a table. On the table a consocle
timed the length of a trial and the inter-trial interval.
The trial lasted for 8 seconds or until the child emitted a
response, which ever came first. The inter-trial interval
was 5 seconds. On a shelf beside the table a clock timed
the length of each session. All sessions were 15 minutes
long and each was videotaped. The training and testing
stimulus were placed on the floor within easy reach of the

experimenter but out of the children’s sight.

Sessions with Dan were conducted in a room in his home
in Edmonton, Alberta. Dan and the experimenter again sat
opposite one another. The length of the trial and inter-
trial intervals was the same as used with Lillian and Cindy,
as was the length of each session. However, a video

recorder was not available and all sessions were audiotaped.

Training and Testing Stimuli

As an in Experiment 1, 40 stimulus classes were
selected prior to the start of the research. Many of the
stimulus class members were the same as those used as in the

first experiment. Within each stimulus class eight stimulus
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members were selected for training and testing purposes.
These were selected on the basis of three separate ratings
obtained with introductory psychology students. Prior to
the ratings, the experimenter acquired anywhere from eight
to fourteen members of a stimulus class. This was done with
all forty stimulus classes. Many of the stimulus members
were from the first experiment, while others were purchased
specifically for this experiment. The number of stimulus
members initially used in the ratings was determined largely

by their cost.

The rating for the second experiment differed
considerably from the first experiment. In Experiment 1,
the ratings were designed to rank order the different
stimuli of each stimulus class to determine which two
stimuli were least similar to one another. In Experiment 2,
the ratings were designed to identify two different groups
of stimuli within a stimulus class, with the stimuli in each

group being similar to one another.

For the first rating ten introductory psychology
students were asked to place each stimulus member of a
stimulus class into one of two groups (1 or 2) using
similarity as a basis for grouping them. The rating
instructions required that the stimuli placed in the first

group be similar to one another, vet different from the
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stimuli placed in the second group which also had to be
similar to one another. If in the opinion of the rater a
stimulus did not belong with either group the raters were
instructed to place it in a miscellaneous group. The raters
were informed that there was no set number of members that
had to be placed in either group. (See Appendix E for the

rating instructions.)

Following this initial rating of each stimulus class,
some of the members placed in one group were transposed in
order to balance out the ratings. For example, if one rater
for the stimulus class "BADGE" had placed the stimuli
labelled A, B, C, D, into group 1, and the stimuli labelled
E, F, G, H into group 2 and a second rater had placed the
stimuli labelled A, B, C, D, into group 2 and the stimuli
labelled E, F, G, H into group 1 the second rating was
simply transposed with the stimuli labelled A, B, C, D, E,
placed in group 1 and the stimuli labelled E, F, G, H in

group 2.

If more than three raters disagreed on the assignment
of a stimulus to a particular group it was discarded.
Following this first rating, for some stimulus classes,
fewer than four stimulus members were left in a group.
Subsequently, new members were added to these stimulus

classes and all forty were rated a second time using a
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second group of ten intrcductory'psychology students. The
rating instructions given to this group of students was
identical to those given to the first group of raters.
Again, if more than three of the raters could not agree on
which group a member of a stimulus class should be placed

in, it was discarded.

This second rating produced enough agreement such that
for each stimulus class four or more members remained in
each of the two groups. If there were more than four
members in a group, the experimenter randomly chose the four
that would be retained for the experiment. Once eight
stimulus members, four in group 1 and four in group 2, had
been selected for all forty stimulus classes a final rating
was conducted. The purpose of this rating was to further
confirm the experimenter’s selection of stimulus members.

It differed from the first two ratings in that a third group
of ten introductory psychology students were given a forced
choice. For all forty stimulus classes, the raters were
asked to place the eight members of a class, chosen from the
second rating, into two groups. The ratings were made again
on the basis of similarity. However, the raters were forced
to place four stimulus members in group 1 and four stimulus
members in group 2. It was hypothesized that there should
be high agreement between this forced choice rating and the

second rating. (See Appendix F for the forced choice rating
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instructions.) The forced choice rating produced 100%
agreement for 37 of the 40 stimulus classes, 90% for two

stimulus classes and 70% for one stimulus class.

Prior to commencing the research, the two groups of
four stimulus members that made up a stimulus class were
randomly assigned to either group 1 or 2. This procedure
was conducted with all forty stimulus classes. Following
this, two members in group 1 and one in group 2 were
randomly chosen as a training stimuli for each stimulus

class.

In addition, the new stimuli that were acquired for
this research were rated as to whether they were good,
moderate, or poor examples of a stimulus class {(cf. Mervis &
Pani, 1980). (The results of these ratings can be found in
Appendix G.) On a post hoc basis, raters were asked to rate
each of the three training stimuli for each stimulus class
in relation to the other members in a stimulus class, using
similarity or shape as a basis for rating them. The ratings
were conducted for all 40 stimulus classes. A total of six
groups of ten raters each were used for these ratings. Each
group rated one of the training stimuli in relation to the
other seven stimulus members using either similarity or

shape as a basis for rating them. The purpose of these
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ratings was to further confirm the experimenter’s assignment

of stimulus members to either group 1 or 2.

The placement of the stimuli into groups provides only
nominal information. The post hoc ratings provide ordinal
information about the stimulus members of each stimulus
class. The ratings should reveal that the stimulus members
belonging to one group should be rated as being more similar
to the training stimulus (stimuli) belonging to the same
group than those stimulus members that belong to the other
group. The shape ratings were conducted to see if there was
any correspondence between the amount of generalization
noted and how similar the members of a stimulus class were
in terms of shape. (See Appendixes H and I for the
similarity and shape rating instructions. The data for

these ratings can be found in Appendix J.)

Experimental Design

For all three children the stimulus classes were
trained using a replication design. Initially two
replications were planned. However, after the preliminary
assessment it was discovered that neither Lillian or Cindy
had the required number of unknown stimulus classes and as a
result only one replication was conducted. In each phase,
each child was trained to name six stimulus classes. In

phase 1, two members from each stimulus class were trained.



67
These were the ones that had been rated as being similar to
one another. These two stimulus members were always chosen
from group 1. In phase 2, two members from each stimulus
class were trained using two stimulus class members that had
been rated as being different from one another, one from
group 1 and one from group 2. Phase 3 was a replication of
phase 1. For Dan only, phase 4 was a replication of phase

2.

Preliminary Procedures

Each subject proceeded through the same preliminary
steps as in Experiment 1. As in Experiment 1 each subject

was worked with on an individual basis.

Overview of Training and Testing Procedures

Each subject proceeded through the same sequence of
testing and training as was used in Experiment 1. The
alternating procedure was used throughout Experiment 2. In
addition, for the Generalization Test, instructions were
interspersed with probes in the same manner as had been
originally proposed in Experiment 1. Primary and social
reinforcement was also administered in the same manner.
During training and the Post-Training Test all correct
responses to probes and prompts were given social
reinforcement. Correct responses to probes were also

reinforced with primary reinforcement using a VR 5 schedule
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of reinforcement. Primary reinforcers consisted of a choice
between pieces of "Smarties", chips, "Cheezies", or 1/2

teaspoon of ice cream.

Dependent Variables

The dependent variables in Experiment 2 were identical

to those of Experiment 1.

Interobserver Reliability

Table 5 shows the results of the interobserver
reliability checks. IORs. were conducted in the same manner
to that employed in Experiment 1. Coefficients ranged from

.9 to 1.0, with many instances of perfect agreement.

Procedural Reliability

Procedural reliability checks were conducted in the
same manner as in Experiment I. The reliability checks
during training, indicated that: 1) the wrong stimulus
class was presented on two occasions; 2) the wrong member of
a stimulus class was presented on two occasions; 3) the
training sequences of prompts and probes was incorrectly
presented on two occasions, and 4) the presentation of

primary reinforcement failed to occur on one occasion.

The reliability checks, during the Post training and

Generalization tests indicated that: 1) the appropriate
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Table 5

Interobserver Reliability Coefficients for Experiment 2

Procedure
Training Post-Training Generalization
Child Cc* I** C I C I
Lillian .98 .95 .99 .90 .0 .
Cindy 1.0 1.0 1.0 .92 1.0 1.0
Dan 1.0 .90 .98 1.0 1.0
* C = Reliability coefficient for those responses the

experimenter scored as correct.
** I = Reliability coefficient for those responses the

experimenter scored as incorrect.
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stimulus class was always presented; 2) the appropriate
member of a stimulus class was always presented; 3) the
training sequence was adhered to perfectly, i.e., the
correct presentation of instruction following trials and
probe trials, and 4) on two occasions a probe trial was
socially reinforced during the generalization test and

primary reinforcement failed to occur on two occasions.

Results

Figure 6 shows the mean amount of time it took all
three children to reach criterion for each stimulus class.
Lillian, in phase 1, averaged approximately 11 minutes for
each stimulus class. In phase 2 this increased
substantially to 19 minutes per stimulus class. Upon
returning to phase 1, there was a further small increase to
22 minutes per stimulus class. The reasons for these
increases is difficult to determine but may represent some
fatigue factor with regard to the training procedure. For
Cindy the average amount of time to reach criterion for each
stimulus class, while showing some small increase, did not
seem to differ significantly over phases. For Dan, the
amount of time to reach criterion was fairly consistent

across the four phases.

Figure 7 shows the amount of generalization found with

Lillian over the three phases of the experiment. Each phase
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of the experiment is presented in terms of the amount of
generalization found with all the testing stimuli (groups 1
and 2 combined), the amount of generalization found for
those testing stimuli belonging to group 1, and the amount
of generalization found with those testing stimuli belonging
to group 2. The black dots indicate the results of Post-
Training Test. Over the course of the research, two

stimulus classes had to be retrained with Lillian. |

In the first phase after training two similar stimulus
members from group 1, generalization to all members from
both group 1 and 2 was at approximately 41%. However,
generalization to the testing stimuli belonging to group 1 §
was much higher at approximately 64%. With the testing
stimuli belonging to the group 2, generalization was
considerably lower at approximately 31%. In the second
phase where one stimulus member was trained from group 1 and
another from group 2, generalization to all testing stimuli
was somewhat higher at 51%. Interestingly, generalization
to the testing stimuli belonging to groups 1 and 2 was
almost identical at 50% and 52% respectively. After
replicating the first phase, generalization to all testing
stimuli was considerably lower at approximately 26%.
However, consistent with the previous phase 1 results, the
amount of generalization found to the testing stimuli

belonging to the group 1 was consistently higher at
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approximately 55%. Generalization to the testing stimuli in

group 2 was very low at only 11%.

Figure 8 shows the amount of generalization found with
Cindy over the three phases of the research. Four stimulus
classes had to be retrained with Cindy. In the first phase,
after training two similar stimulus members from group 1,
generalization to the testing stimuli belonging to groups 1
and 2 was at approximately 44%. Generalization to those
testing stimuli belonging to group 1 was very high at
approximately 83% On the other hand generalization to the
testing stimuli belonging to group 2 was considerably lower
at approximately 25%. 1In the second phase, after training
one stimulus member from group 1 and one from group 2, there
was a large increase in the amount of generalization to all
testing stimuli to approximately 879? Consistent with the
results from Lillian, generalization&was evenly divided
across the testing stimuli from groups 1 and 2 at 89% and
85% respectively. On replicating the first phase the
amount of generalization to all testing stimuli fell
considerably to approximately 45%. Consistent with the
previous first phase and with the results found with
Lillian, generalization to those stimuli belonging to group
1 was considerably higher at approximately‘75% while

generalization to group 2 was considerably lower at 31%.
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Figure 9 shows the amount of generalization found with
Dan over the four phases of the research. Two stimulus
classes had to be retrained with Dan. In the first phase,
after training with two stimulus members from group 1, the
amount of generalization to all testing stimuli was at
approximately 43%. Generalization to the testing stimuli
found in group 1 was at approximately 78%, while
generalization to the testing stimuli belonging to group 2
was at approximately 26%. In the second phase, after
training with one stimulus ﬁember from group 1 and one from
group 2, the amount of generalization was high at
approximately 87%. Generalization to the testing stimuli
belonging to groups 1 and 2 was almost identical at 89% and
85% respectively. On replicating the first phase, the
amount of generalization to all testing stimuli is higher
than that found in the first phase at approximately 55%.
Generalization to the testing stimuli in group 1 is again
high at approximately 86%, while generalization to the
testing stimuli in group 2 is much lower at approximately
38%. On replicating the second phase, generalization to all
the testing stimuli was at 83%. Generalization to the
members in groups 1 and 2 was also identical at 83%. The
amount of generalization is masked by some difficulty Dan
had with one stimulus class. In this phase one stimulus

class had to be retrained. Although Dan was able to achieve
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90% on the Post-Training Test, he did not respond to any of
the training or testing stimuli on the Generalization Test.
His performance with the other stimulus classes reflects

perfect generalization.

Table 6 shows the results of the error analysis. The
three children made very few overgeneralization errors.
Both Lillian and Dan often used a name other than a training
name to describe the testing members. Often this was the
same name they used in the Laboratory Test to incorrectly
label a stimulus member. All three children, when presented
with a stimulus member they could not name typically
responded with *don‘t know". They rarely failed to emit a

response.

Table 7 shows the break down of the different stimulus
classes in terms of good, medium, and poor examples of a
category (cf. Mervis & Pani, 1980). A total of 26 stimulus
classes were trained between the three children. Forty
percent of the stimuli used in this research were added
specifically for this experiment while the remainder were
ones that had been used in the first experiment. As the
table makes clear, despite the infusion of new stimuli into
the experiment, the percentage of good, medium, and poor
examples of a category were very similar to that found in

the first experiment. Eighty-three percent, nine percent
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TABLE ©

Error Analysis Data For Experiment 2

Lillian
Phase 1 2 3 4
*Type of
Errors
1 1 6 1
2 52 42 37
3 10 5 38
Cindy
1 2 1 1
2 4 0 0
3 54 13 58
Dan
1 6 5 0 5
2 28 6 26 0
3 28 3 23 13

*Type of Errors

1

Overgeneralization (use of one of the trained names
incorrectly to label an object

Use of a name not trained to label an object

Fails to emit a response or replies that she does not
know the name
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Number of Good,
Experiment 2

Type of
Examples
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Medium
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Medium, and Poor

80

Examples of a Category for

Number of Percentage of
Examples Examples

172 83%

19 9%
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and eight percent of the stimulus members were found to be

good, medium and poor examples of a category respectively.

Table 8 shows the amount of generalization found after
training in both conditions of the research. Only those
stimulus classes trained using two good examples of a
category are displayed in the table. If a good and medium
or good and poor examples were trained these results were
not considered in the calculations. The rationale for the
above is that according to the best example theory the
training of one or more good example should be an effective
means of prompting generalization. The two training
conditions studied in this research should be irrelevant, as
long as both examples of a category have been rated as good
examples of it. The table clearly reveals that the émount
of generalization found depended on the training conditions
and was not specifically affected by the training of two
good examples. Lillian showed 33% generalization after
training with two similar exemplars versus 64% after
training with two different exemplars. Cindy showed 51%
and 90% generalization respectively and Dan showed 52% and

85% generalization respectively.
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Percentage of Correct Generalization After Training Two Good

Examples of a

Category by Training Condition

Training Condition

Train Two Similar Train Two Different
Child Stimulus Members Stimulus Members
Lillian 33% 64%
Cindy 51% 90%
Dan 52% 85%
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General Discussion

While the results of Experiment 1 indicate that
generalization is not affected by training two exemplars
separately or together, the results of Experiment 2 clearly
indicate that diversity of exemplars promotes greater
generalization than does similarity of exemplars. These
results were consistent both within and between children.
It is likely that the training of two diverse exemplars
samples a broader range of relevant stimulus
characteristics. On the other hand the training of two
exemplars that are similar to one another may promote very
tight stimulus control over a narrow range of stimulus
characteristics. From a purely applied point of view the
results would seem to qualify Stokes and Baer’s (1977)
suggestion of "training sufficient" exemplars. While
"sufficient" exemplars is important, it is also necessary to
consider the types of exemplars trained and whether they
sample the broad range of stimulus characteristics needed to
promote generalization. Consideration of this, prior to
training, may result in a substantial reduction in the
amount of training time necessary to promote optimal levels
of generalization. The results fit nicely into Stokes and
Osnes (1989) concept of "Train Diversely", but again qualify

it in the same manner as above.
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Lillian was the only handicapped child in Experiment 2

and it could be argued that these findings may not be
reliable with other handicapped children. While the size of
the effect with her was not as large as with the other
children, the trend is clearly in the same direction. In
addition Lillian also took longer to reach criterion. It
may be that handicapped children are more in need of
training with two or more similar exemplars within each
group whereas normal children seem to acquire the concept

after training with only one exemplar from each group.

What Experiment 2 does not demonstrate is whether the
training of only two diverse exemplars would promote
generalization to all members of a stimulus class. It is
clearly possible that more than two diverse groups of
similar stimuli can be identified within a stimulus class.
The ratings certainly indicate that some stimulus members
were not seen as being members of either group. The present
results may add support to the quantal view of stimulus
generalization (Bickel & Etzel, 1985). This view suggests
that a stimulus-response relationship represents a unit that
may or may not occur. Traditionally, stimulus
generalization has been viewed as a continuous relationship
between stimuli and responses. Thus, the second group of
stimulus members for all intents and purposes may represent

a new unit that has to be explicitedly trained. Within any



85

one stimulus class there may be a number of different units.

In the future, research which addresses this issue may
be of some value. If for a number of stimulus classes a
third group can be reliably identified, it would be
interesting to see if the training of one exemplar each from
the first two groups would result in generalization to the
third group. If it did not and the third had to be
explicitly trained, this would add support to the quantal
view of generalization. The results may also be interpreted
in terms of summation of generalization gradients after
training at two different points on the stimulus continuum

(Kalish & Guttman, 1957).

It may perhaps be argued that the assignment of members
to a group was flawed and that they did not represent
distinct categories. However, the ratings obtained on a
post hoc basis using both similarity and shape as relevant
dimensions would seem to add further support to the
assignment of members to their respective groups. What is
also interesting about these ratings is that, for many of
the stimulus members rated, the mean shape and similarity
ratings are similar to one another. It may well be that
when people are asked to use similarity as a basis for
rating stimulus members, shape may be the dimension which is

the primary focus of the rating.
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The results of Experiment 2 would not seem to support
the best example theory of categorization. When training
with two good examples generalization should not, according
to this theory, be affected by whether the stimulus members
are similar or different from one another. However, the
latter was clearly what influenced the children‘s
responding. As with Experiment 1, most of the stimuli were
rated as good examples of a category, despite the fact that
40% of the stimuli were specifically selected for this
experiment. It is possible, given the wide exposure
introductory psychology students have had to numerous
objects, that what is considered a good example may be based
more on the familiarity of the object than any other

characteristic.

Caution is advised, however, in evaluating the
implications of Experiment 2 for the best example theory,
since the analysis was performed on a post hoc basis.
Future research should examine this theory more closely in
relation to the present research findings. For example,
prior to commencing an experiment it would be desirable to
group stimulus members on the basis of similarity and also
rate them as to whether they are good, medium, or poor
examples of a category. Ideally, one would want an equal

number of good, medium, and poor examples of a category
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within each group that has been designated on the basis of

similarity.

What is perhaps most encouraging from this research is
that adults seem to be able to reliably group members of the
same stimulus class into at least two diverse groups. Once
these groups have been identified, applied practitioners
need only train one or two exemplars per group to maximize
generalization across the largest number of members within a

stimulus class.
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Appendix A
Rating Instructions For Experiment 1
Each stimulus class was rated separately. Raters worked
independently of one another. The following instructions
were read to each rater:
On the table in front of you are 40 different

categories of objects. Within each category there
are 8 objects which differ from one another along

a number of dimensions. However, we would
typically call each object by the same name (e.g.
kettle, clamp, masher). Each object within a

category has been labelled with letters A-H. I
would like you to first locate the object labelled
with the letter "A". I would then like you to
rank order the remaining 7 objects in relation to
the "A" object using similarity as a basis for
ranking them. The objects should be ranked from
most to least similar to the A object.

On the data sheet provided you will note the name
of each object, the letters A-H and a blank space
below each letter. Below the letter A the number
"1" has been placed. Once you have rank ordered
the 7 objects the appropriate number should be
placed in the space provided below the appropriate
letter. For example if for a certain category you
deem the "D" object to be most similar to the "A"
object, the number 2 should be placed below it.

If the "F" object is deemed least similar the
number 8 should be written in the space below the
letter F. The remaining 5 objects should be
assigned numbers in a similar manner. If for some
reason you believe an object does not belong to
the category which it has been assigned place a
"X" below the appropriate letter. Do you have any
guestions?
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Appendix B

Final Ratings of Stimulus Classes For Experiment 1

Raters

Stimulus

10

1

Member

NSO N0

NN~ N0

M S>0NW0<

NSO

PO >~NYLn

NSO N O <

A MO0 N0

SN SO N

N <t 0>~ (NN

A<t ~0O NN

SMOUOARMLY D

Badge

A N~SgON MO

A NOWOWINM<H >~

A NOOW N M

AN WM<t~

~NOWWn Mm<P >~

=l NI <F M~

NS0 <t INWOM

—HNOWOWIN<F N>

AN~ OINMO

=N ~NOIMS O

LONUAMROE

Beater

HONIEmMmWOSWN

—AONHmM~INW0

-1 00 M <P N0~ LW

N <O 0N

—HONI MS>WOLWN

O NI MO

—HONM<HO>~WN

~HON<I MO

O NI MW~

>N NN 00

SNUARMBOD

Bracelet

=Nt WN\Oo

N M <H [~ 000

SN MO S 0

NG N0~

AN MOS0

N M <O LN oo~

=<t NN

=N <O~

oot Nnor-S 0

NSO N0

SMUARMMKLOEX

Bowl



94

NS00

<IN~ N0

AN MM~ <O

AN 0 N0

=N <~ 0 W UN

<N AN~ 0N\

D TS N ag QRO nulh N URNe}

NN M~ 00

AN FO>SMO

AN > 0W0

CNUARMMKOD

Candle

Mmoo~ M

—AMOWOW>S~N<I N

MO ~ONG LN

At Oo~ONMn

H<FO>~O0ONMWN

MO~ NOY

N~ Nwg

A OO S~SMANWON

—Imr~ooNnd

I H OO MNIN

CAUAMMKUYOE

Chain

O <INNOM

—HOWOWUN NI M

SO>S NANWOEM

O~ NOHEM

SO~ NOIMmM

O~ MOIN

OO FHWONN M

o<t OoONN M

—oor~nNwOY ™M

=N\ <

CMOAMMKROm

Clamp

NN >~O0©

NN <O NS

NN O~

=T NN <N \0 [~

SN <AL S0

ANt mmOone~S

NN O~D0

NN <A~ O 0

NS ONS 0

=N <O~

COOAMR MR

Clip

= N0 N LW <P\

—wogNowneSemMm

A r~NWOWOoNnmMm

N~ NN O <

MO N0

Mmoo PO

HONWNMS~SOMmM

NN <HOWN

WO~ NWNO0HEM

oo NWwS-InMmMm

CONOUOAMEKLOE

Clothespin



95

0O NM<H >

MW <t N>
I F~OMANLNC
N 0WON<tmM™~
=IO~ <t O
N~ NN <IN\
~ <H OO N M~

MO NN <~

— <HOON ML

LOOAREKYL D

Coffeepot

AN MO N

=HONOWSI M

AN MW N

HF N OO~ A

LIS UK es e No R o R o N o]

NS WwWoo PN

—HF NSO

A MmO~ N

< MO~ \0 N

N0~

LMNOUOAMBL O

Dustpan

O MW <P >~

NNt oOomnmoN

HFO~0MUNN

=M~ WOwN

—HO<HO>~IMA

I NWOS0LWN PN

AHO S0 MM

T H~SO 0N MmN

HWOHNOMSN

oM<y oSN

CMNMUAMDOm

Flashlight

=W~ 0W0<EN

IO NMD0 LN

M NSO <N

A FNO S0 MW

~FNO>~0INMmM

O NM< O~ LN

SN0~ 00 WM<

SN NWOWS W <G

SN ~>00W0 NN

TN NWOS 0N

CONUAMBKOM

Frying Pan

N MO0~ <t

= H N O~O MmN

=N N0 WNWO

SN0 W0 MmN

=N M0N0

HON<F SO MWD

=T AN S WO Wn

SIS0 W0mMNn

TN 0N O0

AN OO mMmWn

CAMUOARKO D

Funnel



96

NS <0 oMY

WM< NN

N~ N WO <N

A S M OO NN

T <H >SN0 MAN

L g B Ne e o I I Ta e\

A SN0 WwWMmA

NS POoOWOWMmAN

SN0~ MNMWO

NSNS M

CONOUOAMMLOmD

Hanger

— OO~ M

o <ftOwOnNnr-~-oNMmM
A~ <FWOWOoONM
HO<FONS~-NM
OO <O~ NM
e~ O MWIIN>SMN <
HOMWOWUN >N
oo IE~-NmMm
AW ONM

omnwogr-~-cNmMm

COOUOAMDL O

Helmet

A~ NN MO

O~ <o
= ~>0NMWNWO
>0 N MO<Y
Ao \Om
-0 NM<Y O
=IO >N N
A0 NI N0 MmM
O~ NMUNWO Y

HOONHWNI>M

CANUAMBKOD

Hook

NN <N WOW0oo

NN F LN OO0

NN <O WOO

=M AN <O 0~

AN Y WSSO0

NN NS00

NN < 0O

D R QMRS UR TS N g o)

NSNS0

N MW~ 00

CONUAMRUOE

Horn

SO~ Mo

TN r~MnoEmMm

AN 0 MO

T <HO>~>MO NN

DS <H0 N0

AN OWMmSONN <

—ANWOSNnNomMm<Y

NI~ MO N

g -~nNnoNw

S NN OO

CSOOAMKOE

Kettle



97

AN ON~SmMm S

M~ OoFEnNmM

AN~ Oo<twOnmm

=N MO <

M~ oOonONNd

MO o>t

SN0t

AN~ ONWOWN

ANNOFE~0mM

— N0 N0 M <>

CSAOAUOAMRMOm

Ladel

O <IN M>N

O HINMNM>N©

—AOoNMUN>N©

SO <t N>

Ao NN

Ot~ N0

HotinmnesS N

Ao HtOn NS0

oMW~ N0

—HOIN NN

SAMUAMKOD

Lock

NN~ 0 MO

=N~ M<EO

A0 N0 MI ™~

—HO NI 0L~

=~ N0 0 <t~

SN0 MO

AN NOOM< >~

SN NWOOMW >

AN 0 M <N\

O NO I MU~

CAOAMEKRO D

Masher

—ond-~-NmMmo

SNt O MmN

O~ NM®

PO~ N M

N0 >N M

HON<F~MAN

—ONnNHOoNM™>

NSO NN M0

SN ~S<HONMO

= O Mo~

KNUAMRMEKLm

Necklace

H<HOM>N N

N <O >N 0N

<O oM N

AN ™MW N>

o<t~ N

—<HF N0~ 0w

NN~ N W

DN W

SO M~ N

HOWSITNMLN

KMNOUOAMMLOD

Opener



98

YN0 0N MmMm

S0 NWOLIN

O N~ UNM

AN~ OWOWN M

NN~ N0

NS00 MmM

AN~ NOMmM

NS <H o

—F N0~ M

MWW 0N <>

CMUANRLUT

Paddle

L R T N o QN RCOJANO IR

AN MW
SIS NOWOMmM
S <HF O~ NNOOMmM
=N Mo~ <t
H - NOOM
N> <N 00 W N
MO0 O ~SN
13.754_0062

=SSN0 M

LNV AMK O

Pitcher

SN 00

NN <H WS

Nt N0 0N

AN N oSN 0

NN NS00

I <H MO0

NN <H OSSN0

AN MO0~

=N <H SN0

AN M0N0~

CONUAMBLUOD

Pliers

NI ONS

AN <HONS

—NMM<gOomneS

NN <O

NN <O

SN0

=N <HO W ~0

SN MWD O S

NP ON~©

N0 O <P ~mMLN

CMOAMMLOE

Ring

O~ <HNOM

AN W< NWOM

SOOI NNM

SN~ NWOWM

—SnowoFNI>M

AwonNEN~-mM

A H O M ANDWO

AN WOHN>~M

—AMNO~FNOM

Moo N~mM

CMOARELUOD

Ruler



99

<N AN~

A HFNNMO 0

SO NMmMUnS

HWOFNMWN S~

A NN N0 S0

AWM <t~

W NM<H >

O IHNMW >

A0S <HO

N0 <t e~ g0

CMOAR LT

Scoop

N0 MM WO~ <

TN OWON LN

oMM \O <N

NS NOM

MO NON >

MW

OO0 MN>IN <A

OO0 MmN

N0 M<E~SWON

MO N> <O

A
B
c
D
E
F
G
H

Screw Driver

N~ 0Ot

N OO NN\

=N WO Moo~

N> AN |0 WwWINn

NS00 <N

—ANWOMmLW>S 0 <A

MNOHENO~N

N> 00 <

AN~ 00 <t

—A MO N<F 0N

COOUOAMEBKOm

Slipper

— M 0\O N N~

NN gtnS~ 0

=NWOW < NN~

~TMmnwoNg >~

~ONO MY N~

—ANNO NS~

N>~ nNWO S0

OO NS

N0 N <0

MO <t NN

CONOAMMKYE

Spatula

g N0~

T AN N0 <E~S 0

A ANN>~OOoM

AN NMOY S

SH NSO MN

=S NMWO <~

< NWO SN

=N~ NWOo

A NN~ MO

A <HNO~mM N

CMUAMMKOT

Stapler



100

MO NS <N

NN <O 0N

O M <P LN N~

— N0 <H LD O N>

N <O 0N~

— MW O 0NN~

N <D0 0 M

MW <P O oM™~

MO W <A~ N0

SN <HO>SNN

CMOAMKL T

Strainer

< 00N N N I~

A0 N0 Y

AN 0OMmN <~

<O ~>MAN LN

—WO00<HmMmN >N

N OWMN <t~

=IO O<FMmAN >N

=~ N0 <P O™

— N0 MmN~

MO <E NN

COOAMMKOD

Thread

NN W o\~

TN MO <t

=N <t Moo~

N <t MO~ N0

HANH NN oS0

N < 0O~

N < 0N~

=N O~ 0

— N CO MM <N\

SN <00

SOMOUOARKUE

Tongs

AH SO M ANo

N\ N < NN

WHONWMA I~

NI <IN

—AM>~OIIN <t

=H<H SN0 MO

SISO MmN

<P OO MO

SN0 MmN

M SO N <H NN 0

SONUAMKOI

Whistle

ot ~OonNnNNmMm

NS00 NWN

O~ <HOMNLN

O~ MON <

OO~ MU N <

A0S <HONM

OO M ANWN

oI N> ANWO

O <HF>~>OINANM

M >0 W0

CMOMUAMMKLOD

Wrench



101

N WO <t MW

—ANOWOWSN M

—NOWS~MNMAN

LIS UNCOIRNON S To e s W e

AN WOS MmN

NS W N W

OO S <t

N> <tmMmLUN

= M 00O <t NN

—ANoWOU~NM<H

COUAMLOm

Zipper



102
Appendix C
Best Example Theory Rating Instructions

The instructions used for rating objects according to the
best example theory were identical to those used by Hupp
(1980) and were as follows:

This study has to do with what we have in
mind when we use words which refer to categories.
Take the word "red" as an example. Close your
eyes and imagine a true red. Now imagine an
orange-red or a purplish-red. Although you might
still name the orange-red or the purple-red with
the "red", they are not as good examples of red
(as clear cases of what "red" refers to) as the
clear "true" red. 1In short, some reds are redder
than others. The same is true for other types of
categories. For example, think of fruits. An
apple is a much better example of "fruit" than a
coconut is. Note that this kind of judgement has
nothing to do with how well you like the thing.
You might like a purple-red better than a true
red, but still recognize that the color you like
is not a true red. You may prefer to eat coconuts
than to eat apples, without thinking that coconut
better represents what people mean by "fruit".

On this form you are asked to judge how good
an example of a category various objects are.
First look at all of the objects in the category.
You will notice that each of the objects has a
letter on it. On the form, the object letters are
listed.

After each letter there is a blank. Please
rate how good an example of the category each
object is, using a 7-point scale. A "1" means
that you feel the object is a very good example of
your idea or image of the category. A "7" means
you feel that the object fits very poorly with
your idea or image of the category. A "4" means
you feel the object fits moderately well. Using
the other numbers of the 7-point scale to indicate
intermediate judgements.

While all the objects have been considered
members of the category by at least some people,
you may disagree. If you feel that an object is
not a member of the category, put an "X" in the
blank after its number.
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Do not worry about why vou feel that
something is or is not a good example of the
category. And do not worry about whether it is
just you, or whether it is people in general, who
feel that way. Just mark it the way you see it.
You may rate the objects in any order that you

wish.
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Appendix D

Results of the Best Example Ratings For Experiment 1

The results from the best example ratings were as follows:

Stimulus Stimulus Members
Class
Badge A B C D E F G H
X = 1.1 1.1 1.2 3.7 3.8 1.2 2.0 1.4
Beater _ A B C D E F G H
X = 1.9 1.7 5.0 2.6 2.1 1.4 1.6 5.0
Bracelet A B c D E F G H
X = 1.9 2.4 3.6 1.2 2.0 3.2 2.0 1.6
Bowl _ A B C D E F G H
X = 1.3 1.4 2.0 1.3 1.5 2.2 2.2 2.3
Candle _ A B C D E F G H
X = 1.1 1.4 1.2 1.0 1.8 2.3 1.4 2.1
Chain A B C D E F G H
X = 1.2 1.5 3.0 2.5 1.8 1.2 1.9 1.9
Clothespin A B C D E F G H
X = 1.2 3.8 4.2 1.9 4.4 4.1 4.1 2.2
Clamp A B C D E F G H
X = 2.1 4.1 1.7 2.0 2.1 1.0 1.2 2.2
Clip A B C D E F G H
X = 1.5 2.9 3.1 2.5 1.3 3.5 3.6 4.6
Coffeepot A B C D E F G H
X = 2.0 1.6 4.4 3.9 2.0 1.7 1.9 4.3
Dustpan A B C D E F G H
X = 1.3 1.5 1.5 3.5 2.0 4.7 1.6 1.2
Flashlight A B C D E F G H
x = 1.3 1.4 1.5 1.7 3.9 1.5 1.3 1.5
Frying Pan A B C D E F G H
X = 1.0 1.6 1.6 1.7 1.4 4.2 2.1 1.0
Funnel A B C D E F G H

X = 1.0 1.6 1.0 2.1 3.0 2.1 1.1 1.4
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Stimulus Stimulus Members
Class
Scoop A B C D E F G H
X = 1.8 2.2 2.2 2.1 2.1 2.0 1.6 2.7
Screwdriver A B C D E F G H
X = 1.2 1.2 4.6 1.8 1.7 1.5 1.7 2.9
Slipper A B C D E F G H
X = 1.5 1.8 3.7 2.5 2.5 2.2 1.1 4.3
Spatula_ A B C D E F G H
X = 1.6 1.8 1.7 1.4 2.0 2.5 1.5 3.3
Stapler A B C D E F G H
X = 1.1 1.5 1.5 1.8 2.2 1.9 2.2 3.5
Strainer A B Cc D E F G H
X = 1.1 2.2 1.1 1.1 1.9 3.9 1.6 2.7
Thread A B C D E F G H
X = 1.0 1.1 1.6 1.1 1.0 1.0 1.0 1.1
Tongs A B C D E F G H
X = 1.9 1.4 2.9 1.4 2.7 4.1 2.3 3.4
Whistle A B C D E F G H
X = 1.0 1.6 2.9 2.4 2.8 1.5 1.1 4.2
Wrench_~ A B C D E F G H
X = 1.4 2.3 2.8 4.0 2.6 4.3 1.1 2.3
Zipper _ A B C D E F G H
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Appendix E
Group Rating Instructions For Experiment 2

The instructions used for determining the two different
groups for each stimulus class were as follows:

On the table in front of you are many different groups
of objects. Each group is commonly referred to by the
same name. Thus, as you can see there is a group
containing all hammers and another containing all
kettles and so forth. Within each group there are 8
objects, some very similar to one another, others quite
different.

For each group, I would like you to place them into one
of two categories, either 1 or 2, using similarity as a
basis for categorizing them. An object placed in one
category should ideally share many characteristics with
the other objects in that category and share fewer
characteristics with the objects in the other category.

If you cannot place an object into either Category 1 or
2, or you believe that it does not belong to that group
of objects set it aside. There is no set number of
objects that you should place in Category 1 or 2. Once
you have placed the objects into a category please
write down on the sheet in front of you, under the
appropriate category the letter than is printed on each
object.

I would like you to remember that this is not a test.
Different people judge things in different ways and
there are no right or wrong answers. Two objects that
are very similar to one person may be quite different
to another. Both results are important to me. I am
interested in how you as an individual rate these
objects.
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Appendix F

Forced Choice Rating Instructions For Experiment 2

The instructions for the forced choice rating were as
follows:

On the table in front of you are many different groups
of objects. Each group is commonly referred to by the
same name. Thus, as you can see there is a group
containing all hammers and another containing all
kettles and so forth. Within each group there are 8-14
objects, some very similar to one another, others quite
different.

For each group, I would like you to place the objects
into one of two categories, either 1 or 2, using
similarity as a basis for categorizing them. 2An object
placed in one category should ideally share many
characteristics with the other objects in that category
and share fewer characteristics with the objects in the
other category. You should place 4 objects in each
category. If you find that an object cannot be easily
placed in either category please place it with the
objects that are in your judgement most similar to it,
keeping in mind that 4 objects must be placed in each
category. Once you have placed the objects into a
category please write on the sheet in front of you,
under the appropriate category the letter that is
printed on each object.

I would like you to remember that this is not a test.
Different people judge things in different ways and
there are no right or wrong answers. Two objects that
are very similar to one person may be quite different
to another. Both results are important to me. I am
interested in how you as an individual rate these
objects. Do you have any questions?
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Results of the Best Example Ratings For Experiment 2

The results from the best example ratings were as follows:
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Appendix H
Similarity Rating Instructions For Experiment 2

The instructions used in Experiment 2 for rating each
stimulus member of a stimulus class. Each member was rated
to one of the training stimulil using similarity as a basis
for rating them. The following instructions were used:

On the table in front of your are many different groups
" of objects. Each group is commonly referred to by the
same name. Thus, as you can see there is a group
containing all hammers, another containing all kettles
and so forth. Within each group there are 8 objects.

Each object within a group has been labelled with
different letters. I would like you to first locate
the object with the same letter as that found beside
the object name on your data sheet (the target object).
I would then like you to study for a moment the
remaining 7 objects in relation to the target object.
After studying them I would like vou to rate the
objects with the remaining letters, one at a time, in
relation to the target object using similarity as a
basis for rating them. You are to make your ratings
using the 7 point scale in front of you.

If you find that one object of a group is very similar
to the target object of that group you should mark the
first point on the scale above the descriptor labelled
"Very Similar". If you find that an object is
completely different from the target object you should
mark the seventh point on the scale above the
descriptor labelled "Completely Different". If you
find that the object falls somewhere between these two
end points you should mark off the space that best
represents how similar that object is to the target
object.

I would like you to remember that this is not a test.
Different people judge things in different ways and
there are no right or wrong answers. Two objects that
are very similar to one person may be quite different
to another. Both results are important to me. I am
interested in how you as an individual rate these
objects.
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Appendix T
Shape Rating Instructions For Experiment 2

The instructions used in Experiment 2 for rating each
stimulus member of a stimulus class. Each member was rated
to one of the training stimuli using shape as a basis for
rating them. The following instructions were used:

On the table in front of your are many different groups
of objects. Each group is commonly referred to by the
same name. Thus, as you can see there is a group
containing all hammers, another containing all kettles
and so forth. Within each group there are 8 objects.

Each object within a group has been labelled with
different letters. I would like vyou to first locate
the object with the same letter as that found beside
the object name on vour data sheet (the target object).
I would then like you to study for a moment the
remaining 7 objects in relation to the target object.
After studying them I would like you to rate the
objects with the remaining letters, one at a time, in
relation to the target object using shape as a basis
for rating them. You are to make your ratings using the
7 point scale in front of you.

If you find that one object of a group is very similar
in shape to the target object of that group you should
mark the first point on the scale above the descriptor
labelled "Very Similar". If you find that an object is
completely different in shape from the target object
yvou should mark the seventh point on the scale above
the descriptor labelled "Completely Different®". If you
find that the object falls somewhere between these two
end points you should mark off the space that best
represents how similar in shape that object is to the
target object.

I would like you to remember that this is not a test.
Different people judge things in different ways and
there are no right or wrong answers. Two objects that
are very similar in shape to one person may be quite
different to another. Both results are important to
me. I am interested in how you as an individual rate
these objects.
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The Results of the Similarity (SIM) and Shape (SH)

Ratings For Experiment 2

The data for the similarity and shape ratings are presented

as the mean rating.

Each letter indicates a training or testing

stimulus. The blank spaces indicate the potential training

object that was rated in relation to the remaining seven objects.

Only the data for the stimulus classes that were trained are

presented.
Stimulus
Members

Badge SIM
Group 1

H

F 2.7
B 2.2
C 1.6
Group 2

J 5.4
D 5.9
E 5.6
I 5.7

SH

SIM

SH

SIM

SH
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Stimulus

Members

Beater SIM SH SIM SH SIM SH
Group 1

A 2.6 2.8 4.8 4.0
J 2.2 2.7 4.8 4.2
B 1.7 2.0 2.0 1.8 4.6 3.4
I 3.3 3.7 3.6 3.2 5.6 4.2
Group 2

G 3.7 4.0 3.9 4.0

D 4.6 4.4 5.1 4.3 3.7 3.2
F 3.2 3.9 3.4 4.1 1.4 1.3
K 3.4 3.8 4.2 4.6 4.0 4.1

Bracelet SIM SH SIM SH SIM SH

Group 1

E 4.0 4.0 5.6 5.3
C 3.2 4.0 6.3 4.8
M 3.2 3.7 3.7 3.7 6.7 5.1
0 1.8 2.4 3.8 3.4 4.7 4.9
Group 2

I 4.9 5.1 5.3 5.9

J 5.2 5.4 6.1 6.2 2.8 3.0
K 4.9 5.7 5.9 6.5 3.8 4.3
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Stimulus

Members

Chain SIM SH SIM SH SIM SH
Group 1

B 2.3 3.0 5.9 4.7
E 3.2 2.4 6.7 5.3
C 3.5 3.0 1.7 2.0 6.6 5.5
H 1.8 1.3 3.0 3.5 6.0 4.5
Group 2

L 4.3 4.4 5.6 6.0

G 5.3 4.4 5.6 5.8 3.9 3.5
I 4.7 3.7 5.3 5.6 2.5 2.9
K 5.3 5.0 5.9 6.1 2.6 3.1
Clothespin SIM SH SIM SH SIM SH
Group 1

K 3.4 3.2 6.1 4.8
S 3.1 2.7 5.2 4.4
D 1.8 1.8 2.3 2.5 4.7 4.2
R 3.1 2.2 1.1 1.0 5.1 4.4
Group 2

N 4.0 5.6 4.3 5.4

E 5.2 5.2 4.7 5.6 3.1 3.4
0 4.1 4.4 4.2 5.3 2.5 2.1
P 4.3 6.2 5.2 5.9 3.7 3.5
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Stimulus

Members

Coffeepot SIM SH SIM SH SIM SH
Group 1

B 2.5 3.7 5.9 4.5
F 2.5 2.8 5.4 5.3
A 2.3 2.1 1.5 1.4 6.2 4.3
G 3.9 3.7 2.5 3.4 6.2 4.6
Group 2

H 5.6 5.4 5.9 5.7

C 5.4 5.7 6.6 6.3 3.3 3.6
D 5.8 5.3 4.9 5.5 3.7 3.5
I 6.2 5.5 6.4 6.2 3.1 3.6
Dustpan SIM SH SIM SH SIM SH
Group 1

A 1.3 1.8 6.0 4.2
C 1.6 1.4 5.7 4.5
H 1.3 1.3 1.2 1.7 5.5 4.3
J 3.0 2.9 2.8 2.5 5.8 5.2
Group 2

G 4.6 3.6 5.1 5.1

B 4.7 3.4 4.7 5.1 2.0 2.2
E 5.2 4.9 5.4 6.2 3.6 3.3



Stimulus
Members

Funnel
Group 1
A

N

Helmet

Group 1

Group 2

MW H

=~

SIM

SIM

SH

SH

SIM

SIM

SH

[*2 TN *)
SO

SH

A O
w

SIM

SIM
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Stimulus
Members
Hook
Group 1
F

E

A

H

Group 2

2 B =

Kettle

Group 1

SIM

SIM

SH

SH

SIM

SIM

SH

SH

SIM

SIM
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Stimulus
Members
Ladel
Group 1
L

I

G

J

Group 2

0o w

Lock

Group 1

Group 2

g = w

SIM

SIM

SH

SH

SIM

SIM

SH

SH

SIM

SIM
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Stimulus

Members

Masher SIM SH SIM SH SIM SH
Group 1

A 1.9 2.4 5.5 4.8
C 2.2 1.6 5.5 5.5
F 3.5 3.0 2.7 3.6 4.6 5.3
I 3.6 3.3 3.7 4.5 6.1 5.5
Group 2

D 5.6 5.4 5.2 5.5

H 5.0 5.2 6.0 5.9 4.0 4.4
L 5.6 5.4 5.5 5.4 2.7 1.6
M 5.6 5.4 5.5 5.1 2.0 1.2
Opener SIM SH SIM SH SIM SH
Group 1

D 3.7 5.6 5.5 4.7
E 4.1 4.8 6.6 5.7
C 3.2 4.3 4.1 4.4 5.3 5.0
H 3.8 4.9 3.4 4.3 6.1 5.1
Group 2

L 5.1 5.1 5.9 6.1

I 4.9 5.3 6.0 6.4 3.7 2.5
G 5.0 5.2 6.3 6.4 1.4 1.1
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Stimulus

Members

Pitcher SIM SH SIM SH SIM SH
Group 1

I 1.1 1.0 5.8 5.1
M 1.2 1.1 5.7 5.0
0 2.8 2.6 2.5 2.8 6.1 5.1
P 4.8 5.6 4.8 6.4 6.3 5.7
Group 2

E 5.2 4.9 4.8 5.4

A 5.3 5.0 4.9 5.1 1.3 1.5
D 6.0 6.1 5.8 6.4 3.8 3.8
H 4.9 5.6 5.3 6.2 4.1 3.7
Pliers SIM SH SIM SH SIM SH
Group 1

A 1.6 1.4 4.9 4.9
C 1.4 1.3 6.0 5.5
B 1.5 1.3 1.8 1.8 5.3 5.0
I 4.4 2.4 4.3 2.7 6.8 5.8
Group 2

H 5.0 4.9 5.2 5.5

F 5.1 4.4 5.4 5.7 1.8 1.5
K 5.8 5.2 6.2 6.3 3.6 3.0



Stimulus
Members
Ruler
Group 1
B

F

H

I

Group 2

S B

Scoop

Group 1

Group 2

ST -

SIM

SIM

SH

SH

SIM

SIM

SH

SH

SIM

SIM

(o2 TN )

SHG

SH
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Stimulus
Members
Screwdriver
Group 1

B

F 3.
E 3.
G 2.
Group 2

J 5
M

N 5
0

SIM SH
6 4.0
1 2.1
6 3.7
4 4.0
7 6.4
0 4.3
7 4.6

Spatula SIM SH

Group 1

E

M 3
I 1.
L 3
Group 2

D 4
C

G 4
H

2 3.3
4 1.6
5 3.6
8 5.0
3 3.8
9 5.3
0 5.8

SIM

(o) NS 2 B )
Vo)

SIM

SH

(2 I 2 B o ) U § 1 |
S

SH

2.9

SIM

SIM
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[\

126

SH

SH

[©2 N 2 B N 1
w



127

Stimulus

Members

Stapler SIM SH SIM SH SIM SH
Group 1

A 1.3 1.5 5.2 4.6
J 1.4 1.5 5.6 4.6
C 2.7 3.0 2.4 3.2 5.7 4.7
K 2.5 2.7 2.4 3.3 5.2 5.1
Group 2

G 4.2 4.2 5.2 5.1

E 4.4 4.7 5.1 4.5 3.0 2.4
F 3.9 3.4 4.2 3.9 2.3 2.5
I 4.3 4.1 5.1 4.4 2.4 1.7
Strainer SIM SH SIM SH SIM SH
Group 1

B 2.1 2.6 6.6 5.5
E 2.7 2.0 5.9 5.4
C 2.5 2.1 1.3 2.4 5.1 4.8
G 1.8 2.2 2.8 3.4 5.2 5.2
Group 2

I 6.2 6.4 6.1 6.4

J 5.3 5.2 5.0 5.7 3.8 4.6
K 6.1 6.4 6.4 6.7 2.5 3.0
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Stimulus
Members
Thread
Group 1
C

H

Tongs

Group 1

SIM

SIM

SH

SH

SIM

SIM

SH

SH

SIM

SIM
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Stimulus
Members
Wrench
Group 1
O

K

I

J

Group 2

&t 1m0

SIM

SH

SIM

SH

SIM
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