
Development of Stimul-us Classes as a Function of

Training Procedures and Diversity of Exemplars

by

Donald J. Salmon

A thesis submitted to t.he Faculty of Graduate Studies

in partial fulfilment of the requirements for the Degree of

Doct.or of Philosophy

DeparLment of Psychologry

University of Manitoba

May 3- , 1991-



ffi@ffi Ï¡3ä""!T*""
Canadian Theses Service

O({awa. Can¿da
KIA ON4

The author has granted an ¡nevocaHe Íìon-
exclus¡ve ficence alfowing the National ¡-¡brary
of Ganada to reproduce, toan, distibute orsell
oopies of his/her thesis by any means and ¡n
any form or fornnt, rnaldng this thesis arra¡laile
to lnterested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis ñor
substantial extracts from it may be printed or
otherwise reproduced without hiVher per-mission- t'

B¡bliothèque nationale
du Canada

S€rv-rce des {hè!es canadiennes

ISBr{ Ø-315-77Ø36_É

[-'auteuraaccordé une licence inévocable et
non exdusive pennettant à ta EJibt¡othèque
nakjnale du Canada de reproduire, prêter"
disbibuer ou vendre des coples de sa thèse
de queþue manière et sous quelque forrne
que ce soit pour rnettre des exemplaires de
cette thèse à la disposition des personnes
intéressées.

L'auteur conserye fa propriété du drcit d'auteur
qui protàge sathèse. Nila thèse nides exhaits
substantiels de celleci ne doivent être
imprimés ou autrement reproduits sans son
autorisation.

Canadä



DEVELOPMENT OF STIMU],US CLASSES AS A FUNCTION OF

TRAINING PROCEDURES AND DIVERSITY OF EXEMPLARS

BY

DONALD J. SALMON

A thesis subnrined to thc Faculty of Graduate Studies of

the University of Manitoba in partial fultillment of the requirenrents

of the degree of

DOCTOR OF PHILOSOPHY

@ ¡.991.

Permissio¡r has been granted to the LIBRARY OF THE UNIVER-

S¡TY OF MANITOBA to lend or sell copies of this thesis. to

the NATIONAL LIBRARY OF CANADA to rnicrofilm this

thesis and to lend or æll copies oi the film, and UNIVERS¡TY

MICROFILMS to publisir an abstract of this thesis.

The author reærves other publication rights, and neither thc

thesis nor extensive extracts frorn it may be pnnteC or other-

wise reproduced without the author's writte¡r permission.



Acknowledgement s

I woul-d like to thank t.he members of my commitLee, Dr-

G. Mart.in, Dr. J. whiteley, Dr. .T- Walker and Dr. T. Stokes

(University of South Fl-orida) for their assistance with my

,dissert.ation. I am particularly grat.eful to my advisor, D1."

J. Pear, for hi-s support t.hrough-out my graduat.e career.

T would also like to express my appreciation to Ctr¡ndy

Erickson, Cindy Cain, Bea Lough, Daryl Owens, Beth Clark,

Audrey Langlois, Denise Whynot. and t.he other members of the

support staff wiehin t.he DeparLment of Psychologry and the

PsychoJ-ogical Service Center who provided much needed

assistance t,hroughout the many years of my graduate

training "

AIso, I would like to thank Dr. Carl- Stephens, Valdine

Huyghebaert., Tsipppi Nahir, Marcie Desrochers, Rosemarie

Hrydowy, Ron Kibbins and the St. Amant Daycare staff , for

their support and assistance during the complet.ion of this

research "

I would also like to express my grat.it.ude to my

parents, .lim and Phyllis Salmon, who provided many years of

emotional and financial supporL.



I would tike to t.hank my son, Bruce, who provided much

needed humor and moments of dist.ract.ion with our

conversations on t.he state of the music world. He has grown

up to be such a pleasant young man during the course of my

graduat.e career.

I would like to express my sincere appreciation to my

beautiful wife, Laurel Lee. Through-out the years she has

been my biggest. fan and handled my mood changes with wiC and

charm. She continues to be my lover, friend and companion

and it is to her that I dedicate this dissertat.ion.



Abstract

Table of Contents

the Problem

Subj ects i-8

Sett.ing and APParatus l-9

Experimental Design 22

Pretiminary Procedures 22

Preliminary AssessmenL 23

ImiLation Assessment 24

Instruction-Following Assessment and Token

Introduct ion

Statement of

Experiment l-

L6

l_B

1-B

Method

Training

Overview of Training and Testing Procedures

Laboratory Test

Modification of the LaboraLory Test

Training Procedures

Training One ExemPlar at. a Time

Alternat.ing Procedure

Post-Training Test for Learning

Generalization Test

Dependent Variables

Int erobserver Reliabil-itY

Results

24

25

26

29

30

31

34

36

3B

38

39

Aa

56Discussion



Experiment 2

Method

Subj ects

60

60

60

61_

61

66

67

67

68

68

68

70

83

88

92

93

L02

1-04

L07

1_08

1_09

]-L4

11_5

]-L6

Setting and ApparaLus

Training and Testing

uss]-0n

Results

General Disc

References

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

APPENDIX G

Appendix H

Appendix I

Appendix J

Stimuli

Experiment.al Design

Preliminary Procedures

Overview of Training and Testing Procedures

Dependent Variables

Interobserver Reliabitity

Procedural Reliability



l-

AbsLract

TWo experimenLs were conducted in order to study

generalization within stimulus cfasses based on cofiìmon

physical characteristics. In Experiment L, using a

replication design, the effects of two different t.raining

procedures r¡¡ere examined with t.hree development.ally delayed

children. In one condition six stimulus classes were

trained, using one member from each st.imulus class. Once

training had been completed, gieneralization was assessed to

seven other members from each stimulus class trained-

Following t.he generalizaLion test, the stimulus cfasses were

retrained using a second member from each of the six

stimulus classes. These \^/ere the stimulus members judged

least similar to Lhe ori-ginal t.raining stimuli.

Generalization was assessed to t.he remaining stimulus class

members. In a second condition six stimul-us cfasses were

t.rained by alternating t.he two stimulus members least

similar Lo one another. Following training, generalizat.ion

was assessed to unt.rained stimul-us class members. The

result.s from this experiment indicaLed that both procedures

produced the same amount of generalization, although the

training of Lwo exemplars near the same point in t.ime may be

more cost-effective when training a large number of stimulus

cl-asses.
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ExperimenL 2 examined the issue of similarity and

diversity of exemplars. One developmentally delayed and two

normal chitdren were taught to name st.imulus classes within

a replication design. In one condition, six stimufus

classes were t.rained using Lwo simil-ar members from each

stimul-us class. Generalization was assessed to stimulus

class members rat.ed as being simil-ar and different to the

training members. In a second condition, six stimulus

classes were t.rained using two stimulus members from each

class that had been rated as different from one anoLher.

Generalization was again assessed to simil-ar and different

untrained stimul-us class members " The resul-ts indicated

that. t.he training of two diverse stimulus members produced

high amounLs 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

st.imulus members which reflected greater diversity.

The resul-t.s from both experiments were also analyzed on

a posL hoc basis to determine if they woul-d add support to

t.he "besL exempJ-ar theory" of caLegorization (Mervis & Pani,

1980). The resul-ts of this analysis did not support this

theory. Recommendations for further research are suggest.ed.



fnLroduct.ion

Generalizatíon is an important consideration for anyone

concerned with affect.ing any kind of behavioral change. The

present research is concerned with sLimulus general-izaLíon

within stimulus cfasses in the area of language deveÌopment.

Stimulus generalization is often said to have occurred when

a response becomes more probable in the presence of a novef

or ne\^¡ stimulus or Situat.ion after having been reinforced in

t.he presence of another stimulus or situation (Martin &

Pear, ]-98B). However, the strength of t.he behavíor wilh the

new or novel stimulus is less than that found with the

original training stimulus. Furthermore, this decrease in

st.rength is related to the difference between the training

stimulus and the new or novel stimulus (Guttman & Ka1ish,

t-9s6) "

Stokes and Baer (1'977), in their seminal article on

generalization, defined iL in a somewhat. differenL manner:

"greneralization wilI be considered Lo be the occurrence

under different nontraining conditions (i.e., across

subjects, setting, people, behavior, and/or time)

without. the scheduJ-ing of Lhe same events in those

conditions as had been scheduled in t.he training

condj-tion" Thus, general-ization may be claimed when no

exLra t.raining manipuJ-at.ions are needed for extra
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training changes; or may be cl-aimed when some extra

manipulations are necessary but. their cost or extent is

clearly less than that of t.he direct intervention (p.

350) " "

It would seem that these authors approach

generalizat.ion from more of a cost-benefit analysis. In

addition, they would appear to define it in a much broader

sense in that they are discussing response generalizaLi-ol,

stimulus generalization, and behavioral maintenance (Martin

& Pear, 1-988). The present research, when referring Lo

aspects of the Stokes and Baer article, will be concerned

with its suggest.ions for the promotion of stimulus

generalization.

Within t.he area of language development and

developmental disabitities, a question which has received

some attent.ion from researchers concerns the amount. of

generalization found across stimulus modal-ities (e.q.

objects, pict.ure cards) af t.er training in one modality.

Previous research findings have shown that a naming response

taught using picture cards or photographs of objects will

not auLomaLically generalize to the corresponding real-

object when they are encountered by an individual in the

nat.ural- environment. For example, Welch and Pear (1980)

t.aught naming responses to retarded children in a cfassroom

using either the real object, a photograph of the object., or
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a pícture of the object. Generalj-zation to real- objects was

assessed in the chil-dren's natural environment. For three

of the four children tested, generalization was found to be

superior after t.raining with objects. AlI three training

modalities were found Lo be equally effective wit.h the

fourt.h child. These results support the use of real objects

if one wan|S to ensure generalizat.ion t,o real objects when

encountered in the natural environment.

In a similar vein, Handleman, Powers, and Harris (1-984)

Laught either objecLs or pictorial representations of

objects to Lhree retarded children and Lested for

generalization across modalities. For two of the three

children, general-ization was l-ow whil-e 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 noL an aulomatic process and needs to be

programmed.

Relat.ed. to the question of generalization from objecLs

to picture cards and vice versa is t.he question of the

amount of generalization found within a st.imulus class after

training with one member of that class. As defined by

Mart.in and Pear (l-9BB), a stimulus cl-ass "is a set of

st.imuti al-I of which have Some characteristic in common" (p.

L82). For example, all- objects which we commonly label- wifh
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the word "cup" sLlare a similar shape and function. When an

individual can correcLly label all "cups" and discriminate

between "cups" and ot.her objects he or she is showing

conceptual behavior (Kel-ler & Schonfeld, 1959). Spradlin

(1-982) has defined a stimulus cl-ass in a somewhaL different.

manner Lo refer to a number of stimuli which all conLrol the

same behavior. This definition is much broader t.han that

used by Martin and Pear since presumably stimuli which do

not share common characteristics couÌd be potentially

members of the same stimul-us c1ass. However, t,he presenL

research is concerned with t.he development of st.imulus

classes that share certain characterist.ics and will- thus

rely on the Martin and Pear definit.ion. Specifically, t.he

term "stimulus class" as used in t.he present research will

refer Lo a number of object.s which have certaj-n

characterist.ics in common and are l-abelled with the same

name or verbal response (e.9., ctlp, ket.t1e, bracelet) .

In an extension of t.he work of Welch and Pear (1-980),

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 picLure cards.

Once training had been completed, generalization was

assessed in the child's natural environmenL using the

training obj ect or the obj ect that matched the pict.ure card

(if picture cards had been Lrained) plus four other object.s



belonging to the same stimulus cl-ass as the t.raining

st.imulus. The resufts replicated those of Wefch and Pear

(1980) in t.hat generalization to the training objects was

greater aft.er training with Che real objects than after

training with pictures of the objects. Furthermore,

generalization to the other st.imulus cl-ass members after

training with objects was superior to gieneral-ization found

aft.er training with picture cards. However, regrardless of

whether t.raining was conducted using objects or picture

cards, qeneralization was far from ideal for most stimulus

classes " It shoul-d be noted, however, Lhat af t.er training

with real objects generalization to all stimulus class

members was aL. or near optimal levels for a few stimulus

classes "

In a second experiment, Salmon et aI. (1986) attempt.ed

to increase Lhe amount of generalization by retraining half

of the naming responses which had initially shown little

generalization by alternat.ing either Lhe original training

object or t.he object that matched the original training

picture (in those cases where picture cards had been the

training stimulus) with t.he object Ieast similar to the

training object. The other half were simply retrained using

the original training st.imulus or Lhe object that had

matched the pict.ure card. For t.he three chil-dren who

participaLed in t.his research, the alt.ernating procedure



resulted in significant increases in general-ization whereas

there was only modest or no gains in qeneralization after

simply retraining the naming responses using the original

training stimul-us. This method of promot.ing generalization

is an example of training sufficient exemplars (Stokes and

Baer, 1977) -

Similar findings have been noted by Anderson and

Spradlin (1980) who t.rained a retarded chil-d to name

different objects and t.ested for generalizat.ion to other

objects belonging to the same stimulus classes as the

t.raining objects. For four of the six object names trained,

t.he use of only one exemplar was insufficient. t.o produce

generalization to other members of the same stimulus class.

However, the Lraining of more exemplars produced systematic

increases in the amount of generalization obtained. For two

of the naming responses the training of three exemplars r^/as

sufficient to produce perfect generalizat.ion. For one, it

was necessary t.o Lrain four exemplars; and for the remaining

object, five exemplars had Lo be trained before perfect

generalization occurred.

The resulLs of the sLudy by Salmon eL aI. (1986) and

t.he st.udy by Anderson and Spradlin (1-980) clearly indicate

that if one wishes Lo increase generalizat.ion within a

stimulus class, the t.raining of more than one exemplar is an
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important requirement, although there rú/ere exceptions to

this general rul-e in both studies. WhiÌe both the above

st.udies were simi]ar in terms of their goals, there was some

important procedural differences. fn the Salmon et al-.

study, during training the auLhors concurrently trained two

stimulus classes, alternat.ing two exemplars from each

stimulus class, and tesLed for generalization. On the other

hand, Anderson and Sprad1in, usingi 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- generalizaLion was at an optimal level.

The procedural differences between these two studies

are not uncofiImon in the "Suf ficient exemplarn literature.

In their seminal article, Stokes and Baer (L977 ) suggest

t,hat if the t.raining of one exemplar is insufficient in

Lerms of producing adequate generalizaLion then a second and

a third exemplar, etc., should be trained unt.íl

generalization is aL the desired l-evel. This suggestion of

t.raining one exemplar aL 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.9., hammer)

and noted whether generalizat.ion occurred. The authors
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introduced a new toof each session and noted the effect on

generalization to untrained tools.

Research which is similar to that of Salmon et al-.

(1986) is al-so often found in the sufficient. exemplar

literature. St.okes, Baer, and.Tackson (1981) found lit'tle

generalization of a greeting response after training with

one experimenter. However, training of this greet.ing

response concurrent.J-y with two experiment.ers result.ed in

generalization of the greeting response to a number of

experimenLers "

Thus, while similar, the above mentj-oned 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

alt.ernating of two members of Ehe same stimulus class at

about the same point in time may increase Lhe probability

that the behavior is more quickly brought under appropriat.e

stimulus control-. It would seem likely that. by

systematically varying members of a st.imulus class near the

same point in time, thus exposing an individual- Lo the

relevant and irrelevant physical characteristics of the

stimulus class alongr with the verbal label- for the class,

one should be successful in teaching an individual whi-ch
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properties are relevanL in terms of being able to correctly

name or identify a particuJ-ar stimulus class.

Also very much rel-at.ed to t.he issue of generalization

is t.he quesLion of how many exemplars are suf ficient in

terms of producing t.he desired amount of generalization. At

present no succinct answer can be forLhcoming, although

Stokes and Baer (L977 ) suggesL t.hat. 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 rul-e t.o

follow in pursuit. of the maximum general-ization"

Sufficient diversity to reflect. the dimensions of

the desired generalization is a useful t.act.ic.

However diversity may also be our greatest enemy:

Loo much diversity of exemplars and not enough

(sufficient) exemplars of similar responses may

make potential gains disproportionat Lo the

investment of Lraining effort. The optimal

combinaLion of sufficient exemplars and sufficient

diversity to yield the most. valuable

greneralization is critically in need of analysis.

(Stokes and Baer , l-977 , p .3 57 )

In a recent articl-e Stokes and Osnes (1989) have

attempted to refine the classification sysLem proposed by
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SLokes and Baer (L971) . They proposed t.hree areas of

gieneral principles: a) Exploit current functional-

continqencies; b) Train diversely; and c) Incorporate

functional- mediaLors. Within each area f our prog-ramming

tactics are described. Of particular concern to the present

research is the general principal of "Train Diversely".

Within this area, one of the four prograûìmingr tact.ics they

describe is t.he use of suf f icient. stimulus exemplars. WhíIe

the aut.hors suggest that only a small number of stimulus

exemplars is needed to promote generalization, they do noL

specifically comment on how similar/diverse exemplars need

t.o be for t.he prograÍuning of generalization.

The Salmon et al. study used only two exemplars (the

most diverse) and found overall increases in generalizaiuíon,

although for some sLimulus classes the al-ternat.ing procedure

did not produce increases in generalizat.ion to optimal

levels" In t.he Anderson and Spradlin study (l-980) one

exemplar had to be trained in two cases on1y, while with the

remaining objects a range of from 3-5 exemplars had to be

trained before generalization was found t.o be opt.imal to all

testing stimuli. While in the Salmon et. al-. st.udy t.he

authors alternated the two least. similar members of a

stimulus class, in the Anderson and Spradlin study the

authors did not and seemed to select t.he order of present.'ing

exemplars on a purely random basis.
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It may very wel-l be thaL in both above ment.ioned

st.udies, where only one exemplar had to be trained t.he

testing stimuli may have been very similar to t.he exemplar

trained, thus reflecting lit.t.le diversity. In other cases

where t.he alt.ernating procedure was used and revealed Iittle
generalization (Salmon et. aI., 1-986) or when four or five

exemplars had t.o be t.rained before generalization was found

to be sufficient (Anderson & Spradlin, l-980), t.he initial

st.imuli used may have reflect.ed too much diversity and

little similarity"

Within the behavioral literaLure the quest.ion 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 cat.egorization. Categorization occurs

when two or more objects are treated as beinq equivalent.

(Mervis & Pani, 1-980). Within the cognit.ive perspective one

of t.he best. known theories of categorization is that of the

besL-example theory (Rosch, l-973 ) . According to this theory

t.he best. examples of a parLicular category are those which

have a number of at.t.ribut.es which are possessed by other

members of the same category whil-e at. t.he same time having
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few of the at.tribuLes possessed by ot.her categories (Mervis

& Pani, I9B0) .

Tlzpically in this type of research, adults are asked to

rate a number of objecLs or photographs of objects, on a 1

point scale, âs to whether the sLimulus is a good example of

the particul-ar category, a poor exampJ-e of the category, ot

falls somewhere in between (Hupp, 1980). The stimul-i of a

category are then classified in the following manner: good

l--3 .19, medium 3 .2-4.!9 , and poor 4.2-7 " Using the above

method, Mervis and Pani (1980) trained kindergarten children

to name 6 "nonsense" caLegories using "nonsense" syllables.

In one condition subjects v¡ere t.rained using one good

example from each category and tested receptively t.o see how

well the response generalized to three other object.s

belonging to the same category. In a second condition one

poor exemplar from each cat.egory was trained and

generalization was again assessed to other members of the

categories. The results revealed that generalizaLion to

other category members was significant.Iy better after

training with one good exemplar Lhan with one poor exemplar.

In a similar study severely ret.arded children were

trained Lo name objects using three different conditions

(Hupp & Mervis , L982) . Again, adults initial-ly rated a

number of pictures of objects as to whether they were good,
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poor, or moderate e)<amples of a particular category" Each

category contained 26 pictures of objects, wit.h two

cateqories being trained in each of three conditions. In

one condition one good exemplar (GE]-) of each caLegory was

trained; in t.he second condition three good exemplars (GE3)

of each caLegory were trained; and in the t.hird condit.ion

one good, one moderate, and one poor exemplar \¡/ere trained.

The authors examined both expressive and receptive language

and report that for expressive language, training with one

or Lhree 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 resulLed in generalization to a greater rangre

of exemplars (good, moderaLe, and poor) than did training

with one good exemplar. Unfortunately, the authors present

no data, statistical or otherwise, Lo support this claim.

Thus t.heir conclusions cannoL be proper]-y evaluated.

When t.he children's recept.ive language abilities v/ere

statist.ically analyzed the authors, in general, found

results similar to those found with expressive language"

Generalizat.ion Lo all exemplars was stat.ist.ically

significant for t.he GE3 condition, alt.hough the overall mean

percentage of correct responses to all untrained photographs

was onJ-y 50 . BU. Tn the GEI- cond'i ti on only t.hose responses

to exemplars which had been cl-assified as good reached
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st.atisLical significance. The mean percentage of correcL

responses to these exempJ-ars was 502. In the condition in

which a good, moderaLe, and poor exemplar were trained, the

results fail-ed to reach st.atist.ical- significance.

In commenting on t.heir findings the aut.hors suggest

that what. is important is noL so much the number of

exemplars trained (cf . St.okes and Baer) , but whether these

exemplars are good examples of a given cabegory. This would

seem to imply that similarity of (good) exemplars rather

than diversity is crucial in terms of training stimulus

classes. However, in the Sa1mon et aI" (1986) study it was

the two most extreme or diverse exempi-ars which were found

to be effect.ive in t.erms of increasing generalizat.ion.

Statement of the Problem

the above review of the literat.ure has ident,ified t.wo

unresolved issues related to the development of st.imulus

classes specifically, and t.o t.he general-izat.ion lit.eraLure

in general. The first. issue concerns the means by which a

stimulus cl-ass is trained; i.e., through t.he training of one

exemplar of a stimulus class at a t.ime or by alternating two

exemplars of a stimulus cl-ass at about t.he same point in

t.ime" The second issue relates to the question of diversity

of exemplars. Is the more efficient means of promoting

generalizat.ion t.o train two exempJ-ars t.hat. are similar to
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one anoLher or two exemplars that reflect a wider range of

stimulus characteristics. The proposed research attempted

Lo answer these questions. In the first experiment chil-dren

were t.rained to name objects using the Lwo exemplars least.

similar to one another as training stimuli (cf. Salmon et

âf, 1986). In one condition these two stimul-i were trained

one at a t.ime with generaJ-izat.ion to untrained stimul-i being

assessed after each had been trained. In the second

condition the Lwo t.rained stimuli vJere trained at the same

t.ime using t.he alternating procedure (cf . Salmon et â1,

l-986) and generalization to untrained stimuli was again

assessed "

A second experiment. examined the question of diversity

of exemplars. Using the al-ternating procedure, two

exempJ-ars were t.rained. In one condit.ion the exemplars used

in training were selected to reflect greater similarity and

l-ess diversity. rn the second conditíon the exemplars u¡ere

selecLed Lo refl-ect greater diversíty and less similarity.

This experiment shoul-d shed some light on t.he issue of

similarity and diversity of exemplars which, as SLokes and

Baer (1971 ) have suggested, is critically in need of

analysis. The present results should greatly add to our

understanding of the most effect.ive means of Leaching

stimulus classes Lo norma] and devel opmental-Iy delayed

individual-s.
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Experiment 1

Method

Subi ect.s

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

chil-dren being integrated int.o the regular school system.

Potential subjects for t.he research were sel-ected on

the basis of int.erviews with teachers. A letter was sent t.o

the parent.s of the chil-dren explaining t.he nature of the

research and seeking permission t.o 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 t.he

token system as being more accept.able in that the primary

reinforcers followed t.he training sessions. This, they

bel-ieved, more closely resembled the cl-assroom sit.uaLion

where they might. provide "treats" to the children aft.er

completing a lesson"

Dawn was six years o1d and diagnosed as being

developmentally delayed, especially in the area of speech.

Her I ast f ormal- speech assessment, at t.he age of 4-2 , had

found her receptive language equivalent. to age 2-2. Her
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expressive language abilities \^/ere equivalent t.o age 1-6.

She also suffered from a mild to moderate hearing loss in
her right ear and as a result wore a hearinq 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 conducLed

independently at. the same time t.his research was being

conducted found her to have an IQ of 61-+6, using the

Stanford Binet Test of Intelligence.

Katherine was 8 years old and diagnosed as Aut.istic"

On t.he Peabody Picture Card test she scored a MA of 2-1".

Her expressive language abiliLies were found to be

equivalent to a 2-3 year old.

Sett.inq and Apparatus

Trainingr and testing sessions were conducted in a 3 m

4 m room in t.he school-" The experimenter and the subject.

sat opposite one another at a table. A smal-l- consol-e was

placed on the table which al-lowed t.he experimenter to

control- the length of a trial and intertrial- interval. A

trial lasted for 8 seconds or unt.il t.he child emitted a

response, whichever came first. This was foll-owed by an

int.ert.rial interval- of 5 seconds. Training and t.esting
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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 cl-ock timed the length of each session and a

camcorder videotaped each session. A tape recorder, on the

tabl-e, audioLaped all sessions. Data sheets and token

reinforcers were placed on the table in front of the

experimenter. Each session was 20 minutes in length"

Traininq and Testinq Stimulus

Forty stimul-us cl-asses were selected prior to t.he start

of this research. As much as possible, objects were

selected on t.he basis of being commonly found in a person's

environment. In addition, ease of presentation was al-so

consídered in determining which stimulus classes would be

trained" WiLhin each st.imulus class, eighL objecbs

(sLimu1us members) r^/ere sel-ected for training and testing
purposes " rnitially one member from each st.imulus class was

selected by the experimenter and designated t.he firsL

traj-ning member (SM1) . Fol-lowing this, 10 adult raLers

independent.ly rank ordered the remaining seven members in

relation t.o the first training st.imulus member on the basis

of simiJ-arity (See Appendix A for the rating inst.ructions).

Since the most extreme stimulus members \^/ere to be trained,

if seven of Lhe ten raters agreed on which member was least

similar to the first. t.raining member, the eight members of
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the stimulus class were deemed accept.able for the purposes

of the research. However, if fewer t.han seven of t.he ten

raLers agrreed on which stimul-us member was least simj-lar to

the first training member, the experimenter selected new

stimulus members for that st.imulus class and they were then

rated a second time, etc., unt.il the desired l-evel of

agreement was reached" In addition, if three or more of the

Len raters indicated Lhat a stimulus member did not belong

to t.hat 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 1-0 raters

independently rat.e members of each stimulus class as to

whether t.hey were good, moderate, or poor examples of a

stimulus class (category) using the procedures developed by

Mervis and Pani (1980). (The instruct.ions for these rating¡s

are in Appendix C; t.he results of the ratings are ín

Appendix D. ) It should be noted that the objects were

selected to conform t.o t.he rul-es laid out in Appendix A. No

at.t.empt was made to ensure t.hat an equal number of stimulus

members were cl-assified as good, moderate, or poor examples

of a caLegory (cf . Mervis & Pani, l-980) . The information

obt.ained from the categorizat.ion 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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ExperimenLal- Design

Stimulus classes were trained using a design involving

replicat.ion of two condit.ions. In one condit.ion one

stimulus member at a Lime was trained (cf. Anderson &

Spradtin, I9B0) . In the other condition two stimulus

members were trained at the same time using the alternat.ing

procedure (cf " Sal-mon et ê1., 1-986) . In bot.h conditions

only two members of each stimul-us class \^Iere t.rained. These

were the ones det.ermined on the basis of the ratings to be

l-east similar to one another. WiLhin each phase each child

was trained to name six stimulus classes " The stimulus

classes hrere randomly assigned to each condiLion. Due to

problems wich the amount of generalization found in the

first phase with one child, there were only enough stimulus

classes to complete one repJ-ication of one of the

conditions. In addition, for one child, due to time

constraints, each condition rútas presented only once.

Prel-iminarv Procedures

Prior to sLarting the research, each child proceeded

through a number of pretiminary steps in order to ascertain

his or her suitability for the proposed research" These

steps were: (1) Preliminary Assessment ¡ (2) Imitation

AssessmenL; and (3) Instruction Following Assessment" It

should be noted that when proceeding through these



preliminary

subject was

steps and during

worked with on an

the experiment.al phases each

individual basis.

Preliminarv AssessmenL

The function of the preliminary assessment was to serve

as a screening device in order to ensure t.hat the children

were suitable candidat.es for the proposed research. The

experimenter presenLed each member of all 40 st.imul-us

classes, one at a Lime, foll-owed by the probe: "WhaE's

this?". The subject. had 8 seconds in which to name the

object. This procedure \^/as repeated a second and third time

such that each member of all- stimulus classes had been

presenLed to a child three times. All correcL responses to

any of the members of a stimul-us class were given primary

and social reinforcement. Each member of a stimul-us cl-ass

which the subject failed to correctl-y name on all t.hree

occasions was considered unknown and suitabl-e 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 unsuitabl-e for

training.

After the complet.ion of Lhe preliminary assessmenLs,

subject.s were sel-ect.ed on the basis of failing to name, ât a

minimum, 24 sLimulus classes. All three chifdren met. this

minimum criteria. If more L}:an 24 stimul-us classes were
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unknown, t.he experimenter randomly sel-ected the 24 stimulus

classes to be used in the research.

Imitation Assessment

Immediately after the preliminary assessments were

completed an imitation assessmenL was conducted. The

experimenLer removed all t.raining and testing stimuli and

said to the subject: Say il ". Each of the naming

responses was present.ed sequentially, three times each. The

experiment.er noted wheLher the subject coul-d imitate the

response correctly or give a reasonable approximation of the

desired response. Responses which the subjecL failed to

imitate correctly were given imitation training until t.he

subject could emit an exacL or close approximation of the

desired response.

.Instruction-Followinq Assessment and Token Traininq

Following Lhe imitation baseline each subject was

assessed as to her ability to follow some simple

inst.ructions (e.g" touch your nose, touch your hair, clap

your hands). If a subject was unable to follow some of

these instructions, she was t.rained t.o emit the responses

upon request, t.hrough t.he use of modelling and physical

guidance.
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The experimenter initial-l-y modeled t.he desired

response. rf the subjec[ imitated the modeled response she

was reinforced. If the subject faifed to imitate the

modeled response, the experimenter modeled the correct

response and aL the same time physically guided the subject

in making t.he response. Af ter the behavior was perf ormed at

a high rate, the modeÌling and physical guidance h/ere faded

out until the subject was emicting the response on request.

A1l- correct responses were given tokens in the form of

pennies and social reinforcement in the form of "Good gir1" "

Following the end of each session tokens urere exchanged for

backup reinforcers. Backup reinforcers were a choice

between pieces of "SmarLies", chips, "Cheezies", or 1'/2

t.easpoon of ice cream. However, over the course of

assessing and t.raining instruction fol-l-owing, the schedule

of reinforcement for the t.okens was changed until the

subject was reinforced on a variable-ratio (VR) 5 schedule

of reinforcement (on the average every fifth correcL

response was reinforced).

Overview of Training and Test.inq Procedures

Each phase of the experiment proceeded t.hrough the

following st.eps : (1) Laborat.ory Test ¡ (2) Training; (3 )

Post-Training Test; and (4) General- j-zation TesL. This

sequence differed somewhat for the two experimental

conditions. fn one condition six stimulus classes ',¡¡ere
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trained using only t.he first. stimul-us cl-ass member (SM1) .

Once al-l- six stimulus cl-asses reached criterion, the Post-

Training Test and Generalization Test were conducted. This

was followed by retraining the same stimulus class using the

stimulus member l-east. similar (SMB) to SM1 as the training

stimulus. Once the sLimulus class had again reached

criterion, a second Post-Training Test and Generalization

Test are conducted. In the other condit.ion the six stimulus

classes were trained to criterion alLernat.ing st.imulus class

members SMl- and SM8. This was followed by the Post-Training

Test and the Generalization Test. Thus training in this

condit.ion followed the procedure outlined by Salmon eL ê1.,

(r_986 ) "

Laboratory Test

Once L}:re 24 stimulus classes were selected, six were

randomly chosen for each phase of the sLudy for each

subject" During t.he laboratory test all eight. members of

the six st.imulus classes were reassessed in order to ensure

that. they continued t.o be unknown. The eight. members f rom

each of t.he stimulus class were randomly presented to each

of the subjects, one member at a time, followed by the probe

"lrlhat's This?", whereupon the subject had I seconds to

respond with the appropriat.e name of the object. These

probes were interspersed among t4 instructions" Probes and
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instruct.ions were int.erspersed in the foll-owing manner (\^/ith

reinforcemerit indicated in parenthesis) :

1) fnstruct.ion

2) Inst.ruction (Reinf . )

3 ) Instruction

4) "What's This?"

5) Instruction

6) Instruction
7) "WhaL's This?"

8) Instruction (Reinf .)

9) InstrucLion

10 ) Inst.ruction

11) Instruction (Reinf . )

L2) "lVhat's This? "

L3 ) Inst.ruction

t4) "What's This?"

1-5 ) InstrucLion

1-6) nWhat.'s This? "

f7 ) Inst.ruction (Reinf . )

1B) Instruction

1-9 ) "What's This? "

20) InstrucLion

This sequence of instructions and probes v'/as repeated

24 times such EhaE al-l- eight members of t.he six stimul-us

classes v/ere presented three times. The order of
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presentation of the training items was randomized withrn

each sequence as was the presentat.ion of instructions.

The above procedure is identical to that used by Welch

and Pear (l-980) and Salmon et a]. (l-986) . The rationale for

reinforcing only correct responses on inst.ruction trials is

based on research by Bucher (:.973) and Martin (L974), who

noted that. reinforcing only certain inst.ruct.ion trials was

sufficient to maintain correct responses to nonreinforced

instructions. Thus, presumably, reinforcing only correct

responses t.o cert.ain inst.ruct.ions enabled the experiment.er

to assess t.he amounL 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 st.imulus class, which a subject

again failed to name on all- three occasions on which the

above sequence was presenLed, hrere considered unknown and

suitable for training. If a subject correctly named a

member of a st.imulus 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 Laborat.orv Test

As a function of the results obtained in t.he first.

training condition wich Dawn, some procedural changes v/ere

made t.o the Laborat.ory Test and this t.raining condition \,{as

replicaLed for both Dawn and Esther. Wit.hin the Laboratory

Test, the inst.ructions were dropped and known stimulus

cl-asses were interspersed with unknown stimulus classes " In

addition, because the Laboratory Test was found to be rather

time consuming, t.he ratj-o of known to unknown t.rials was

increased from L4z6 to 10:10. The higher ratio resulted in

fewer trials overal-l- since there was a limited number of

unknown stimul-i. Probes f or known and unknown st,imulus

cl-asses were int.erspersed in t.he following manner:

l-) "What's This? " (Unknown)

2) "What's This? " (Known) (Reinf )

3 ) "hlhat's This? " (Unknown)

4) "What's This? " (Unknown)

5 ) "What's This? " (Known)

6 ) "WhaL's This? " (Known)

7) "What's This? " (Unknown)

8) "What's This? " (Known) (Reinf )

9 ) "WhaL's This? " (Unknown)

10) "WhaL's This?" (Unknown)

11) "What's This? " (Known) (Reinf )

t2) "What's This? " (Unknown)

l-3 ) "What's This? " (Known)
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14)

1s)

l-6)

]-7)

t-B )

1-9 )

20)

"What's

"What's

"What's

"!{hat's

"What's

"WhaL's

"What's

This? "

This? "

This? "

This? "

This? "

This? "

This? "

(Unknown)

( Known )

(Unknown)

(Known) (Reinf)

(Known)

(Unknown)

(Known)

Thus 1-0 unknown probes were int.erspersed among 10 known

probes. The schedule of reinforcement was unchanged and

only known probe it.ems received social or token

reinforcement.

Training Procedures

Training was conducted four to five days per week. One

20 minut.e session was run. The l-ast 5 minutes of each

session was devoted Lo cashing in the tokens for back-up

reinforcers. A subject proceeded through a series of prompt

and probe t.rials until- the stimul-i reach criterion and were

considered known. During a prompt t.rial the experiment.er

named the stimul-us (e.9" "What.'s This?' Kettle'. n) . The

child was required to imitate the prompt. During a probe

t.rial the subject was asked to name the stimulus (e.9.

"What's This? " ) . A concurrent. training procedure was used,

similar Lo that. employed by Rowan and Pear (l-985) and Salmon

et aI" (i-986) . The experimenLer randomly selected two
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st.imulus cl-asses for t.raining purposes. While only two

stimuli from each stimulus class were trained in both

conditions, t.he manner in which they were int.roduced to the

subjecLs differed. The two different training procedures

are described below.

Traininq One Exemplar at. a Time

In the one-exemplar-at-a-t.ime (Onf¡ procedure the first

training members (SM]-s) were initially trained according to

t.he following 8 step sequence (See Figure 1-) :

1) In Step 1 the experimenter held up SMI- from the

first unknown stimul-us class and present.ed a probe

trial. This first t.rial acted as a check aqainst the

stimulus cl-asses being known prior to training. If t.he

subject. responded correctly t.o t.he training st.imulus on

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

new st.imulus class was sel-ected. If t.he subject made

an error (i"e., ân incorrect response or faiLed to

respond within 8 seconds) a prompt t.rial- was present.ed.

An error on this trial resulted j-n it being repeated.

A correct response to t.he prompt resulted in t.he probe

t.rial being presented again. A correct response to Lhe

probe trial in Step 1 resulted in Step 2.

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

unknown stimulus cl-ass.
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3) St.ep 3 was t.he same as St.ep L, except: (a) the

stimulus was not discarded if a correct response

occurred on the f irst probe t.rial; (b) an error
resul-[ed in a reLurn to SEep ]-.

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) St.ep 6 was the same as Step 4.

7 ) Step 7 was the same as St.ep 3 .

B) SEep I was the same as SLep 4. A correct response

on a probe t.rial- resulted in the experimenter recycling

t.hrough the training procedure.

Successful- complet.ion of the Lraj-ning procedure t.hree

t.imes resul-t.ed in t.he stimul-us 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 t.he stimul-i being

discarded.
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The remaining four stimulus cfasses were t.hen trained,

Lwo at a time, using the SMl's from each of the remaining

stimul-us classes. When al-] six st.imul-us classes had been

t.rained t.he Post.-Training and Generalization Test.s were

conduct.ed. Once these Lwo tests were compJ-eted the stimul-us

classes were retrained using t.he second stimul-us member

(SM8)" The training procedure was identical- t.o that used

with SM1 \^/ith t.he except.ion t.hat. a correcL response to the

first probe of St.eps 1- and 2 did not. result. in the stimul-i

or stimul-us cl-asses being discarded. During t.raining all

correct prompts were given social reinforcement in the form

of "Good Girl!" An average of one out of every five correcL

responses to probes received token reinforcement (i.e., a VR

5 schedule of reinforcemenL was used). Every correct probe

trial was given social reinforcement..

Alternatinq Procedure

Training in the alternat.ing procedure was similar t.o

that of training one exemplar at a time, with the exception

that two members (SMl- and SM8) belonging to one stimul-us

class was al-ternated with another two members (SMl- and SM8)

belonging to a second st.imulus class.

Training proceeded according to the following 8 step

sequence:
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1- ) Step 1 was the same as Step l- in the OET procedure.

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

and SM8 being substituLed for each other in t.he

sequence.

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

ReLurn Lo this step from Steps 4 and I resulted in SMl

and SMB being substituted for each other in the

sequence.

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

except that SMB was used instead of SMI-.

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

except that SMB was used instead of SMI-.

5) SLep 5 was the same as Step 5 in t.he OET procedure.

6) Step 6 was the same as Step 6 in the OET procedure.

7 ) St.ep 7 was the same as St.ep 7 in Lhe OET procedure

except that SMB was used instead of SMI-.

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

excepL that SMB was used j-nstead of SMl- "



36

The above training procedure sequence was presented six

times to equate the Alternating condition with t.he OET

condit.ion in terms of the number of training steps.

After successful completion of t.he t.raining cycle a

sixth t.ime, Lhe responses were said to have "reached

críterion" and were considered known" Ttre four remainingr

st.imulus classes were t.hen Lrained, two at a tíme, using the

same procedure. During training all correct prompts were

given social reinforcement in t.he form of "Good Girl ! " .

Correct responses to probes received token reinforcement. on

a \IR 5 schedule of reinforcement.

Post-Traininq Test. for Learninq

Following the completion of training and prior to the

Generalizat.ion Test, a Post-Training Test was conducted"

This procedure was similar to that used by Welch and Pear

(1-980) and Salmon et a1. (1986) and consisted of a series of

probe trials. With those stimulus classes trained in the

OET condition, once t.he SMl- of each stimulus class had

reached criterion, it was probed ten times. The order of

presentation of each st.imul-us class was randomized and

correcL responses were reinforced on a VR 5 schedul-e. If a

subject failed to respond correctl-y on a probe trial, a

prompt trial was presented for Ehat. stimulus class.

Regardless of whet.her the subject responded correct.Iy or
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next probe trial. Once this Lest was compleLed the

experimenter proceeded to the Generalizat.ion Test.

Once the Generalization TesL was completed, the six
st.imulus classes were retrained using the second member

(SMB) of each class. The Post.-Lest for learning following

t.he compl-etion of the above t.raining was simil-ar in that

each stimulus cl-ass was randomly probed ten times, with each

stimulus member being probed five times. For those stimulus

cl-asses which were trained using the alternating procedure

the two members of each stimul-us class were randomly probed

five times " The resulLs of this Post-Training Test gave t.he

experimenter a percentage known for each trained stimulus

member.

The Post-Training Test was important since prior to the

Generalization Test it was necessary t.o establish that. t.he

stimulus cl-asses were well known. If t.he percentage of

correct responses on t.he Post-Training Test was high and the

subjecL 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
generalizat.ion. If the stimulus classes are not well known,

one would not. expect much generalization to occur. For t.he

purposes of this research, 804 known or 8 out of 10 probes
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answered correctfy was considered adequate. Tn addit.ion, otl

the Post-Training Test following the alternating condition

and following Lhe training of the second member during the

OET condiCion each subject was allowed no more than one

error to one of the t.rained stimul-us class members. If a

subject. scored l-ower than BOU with any one stimulus class or

made more than one error to any one st.imulus member, that

stimulus cl-ass was retrained and a second Post-Training TesE

was conducted prior to Lest.inq for qeneralizat.ion.

Generalization Test.

The Lest for generalizat.ion was conduct.ed in the

training room after t.he Post-Training Test for learning was

complet.ed. The procedure used for testing for
generalization was ident.ical- to that employed during the

Laboratory Test. The modifications of the Laboratory Test

t,hat, were made for Dawn and Esther were al-so made for the

Generalization TesL with these chil-dren

Dependent Variables

The dependent. variabl-es which were examined in the

research were:

l-) Average number of minutes to reach criterion for
each t.raining stimulus.

2) Percent of correct responses for all testing
stimul-i during the General-izaLion Tests.
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3) Error Analysis: An analysis of the errors made

during the GeneralizaLion Test by each subject was

undertaken. A subject could have made three types

of errors: a) he or she could overgieneralize (use

one of the training names incorrectJ-y to label one

of t.he trained stimulus classes), b) use a name

not trained in the research to label- a trained

stimul-us class, and c) fail- to emit. any response

or reply that t.hey did not know the name of the

obj ecL .

Interobserver Reliabilitv

All training sessions were recorded on audio-t.ape and

approximately L/6 of Lhese were played back to an

independent observer who was familiarized with the

experimenter's crit.eria for what was considered a correct or

incorrect response. In addit.ion, all of t.he Post.-Training

and Generalization Tests were recorded and approximat.ely L/3

were randomly select.ed and scored by an independent

observer "

Reliability coefficients were obtained by calculating

t.he rat.io of agreements to agreements plus disagreements on

those responses that the experimenLer scored as correcL and

the ratio of agreements to agreements plus disagreements on

those responses that the experimenter scored as incorrect.
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The reliability coefficient.s are shown in Table 1. The

reliability coefficient rang,ed from .85 to 1.0, with many

showing perf ect ag'reement.

Procedural Reliabilitw

AII training sessions were video taped and

approxímately t/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 Lhe

foll-owing criteria: 1) whether the appropriate stimulus

class was presenLed, 2) whether the appropriate member of a

stimulus cl-ass was presented, 3 ) whether the training
sequence was adhered to, i.e., the correct presentat,ion of

prompts and probes, and 4) whether token and social

reinforcement were delivered according t,o the appropriate

schedule of reinforcement" The reliability checks, during

t.raining, indicated that.: 1) t,he wrong stimulus class was

presented on three occasions; 2) the wrong member of a

st.imul-us cl-ass was presented on four occasions,. 3) the

t.raining sequence of prompt.s and probes \^ras incorrect.ly
presented on one occasion; and 4) the presenLaLion of token

reinforcemenL failed to occur on two occasions.

In addit.ion, all testing and generalization sessions

were video t.aped and approximately L/3 of t.hese \^/ere viewed

by an independent. observer and scored as t.o how well t.he



4t

Table l-

fnterobserver Reliability Coefficient.s for Experiment 1

Procedure

Training Post-Training Generalizat.ion

child c* I** c CT

Dawn l-.00 .98 1.00 .85 .98 .98
Esther .97 .96 l-.00 1-.00 .99 1.00
Kathy .95 .97 l-.00 .90 1.00 1-"00

* C = Reliabil-ity coefficient for those responses the
experimenter scored as correct.

** I = Reliability coefficient, for those responses the
experimenter scored as incorrect..
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experimenLer followed t.he training proLocol according to the

followingi crit.eria: 1) whet.her the appropriate stimulus

cfass was presented, 2) wheLher the appropriate member of a

stimulus cl-ass was presented, 3 ) wheLher t.he training

sequence was adhered too, i.e., the correct presentation of

probe and instruction following trials, and 4) whether token

and social reinforcement \^/ere delivered according to the

appropriate schedule of reinforcement.

These reliability checks indicated that: 1) the

appropriate st.imulus class was always presented; 2) t.he

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 t.rial was socially reinforced during the

generalization test and token reinforcemenL failed Lo occur

on three occasions.

Result.s

The data for Dawn and Esther are presented across the

four phases of the research. In phase L, where one exemplar

at a time was trained, the Laboratory and Generalizat.ion

Test.s were conducted by interspersing the trained st.imulus

classes with instructions. As wiII be made c1ear, Dawn

responded poorly during the Generalizat.ion Test. ft was
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felt that she may have discriminated between probe trials

which were never reinforced and instruction following trials

which were occasionally reinforced. As a result the

procedure for the Laboratory and Generalizabion Test.s were

changed for both Dawn and Esther and in phases 2, 3, and 4,

unknown stimulus classes \^/ere interspersed with known

stimulus cl-asses " This change lessened t.he probability t.hat

Dawn or Esther woul-d discriminate between reinforced and

nonreinforced trials.

Figure 2 shows the mean number of minut.es to reach

criterion for each stimulus class for t.he three chil-dren.

These cal-culat.ions also include retraining time for those

stimulus classes that had to be retrained as a resulL of

failing to meet the criterion specified by the Post-Training

Test. For the first condit.ion where the exemplars were

trained one at a t.ime, L.he amount of time required to train

each of the two stimulus members was added together. In

general, both Dawn and Esther reached criterion in a

retatively short period of t.ime. Crit.erion was reached

slightly faster when two exemplars were trained together.

For Kathy, training was t.ime consuming. Because of this it

\¡¡as possible to complete only t.wo phases with her. While

t.raining two exemplars toget.her was somewhaL fasLer, it is

impossible to say how rel-iable this effect. is given that she

only completed two phases of the research.
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Figure 3 shows t.he amount of generalization for Dawn

across the f our phases of t.he experiment. The black dots

indicate the results of the Post-Training Test.s. Over the

course of the research the names of five st.imul-us cl-asses

had to be retrained with Dawn. In t.he first phase after
training one exemplar, greneralization t.o unt.rained exemplars

was l-ow at approximat.ely I0Z. Af ter training with the

second exemplar, general-ization Lo the unt.rained exemplars

was found to be even l-ower aL approximately 3?" Dawn oft.en

failed to respond t.o the Lesting stimuli during the

General-izat.ion Test. .

Subsequent.ly a second OET phase was conducted with

training aft.er one exemplar showing approximately L5Z

generalization to the testing stimuli. However, after
traíning with the second exemplar there was a substantial-

increase in t.he amount of qeneralization to approximately

542. In phase 3 , af t.er training both exemplars toget.her,

the percentage of generalization showed a small decl-ine to

approximately 462. The following OET phase showed

generalization with Dawn t.o be at approximately 23% afLer

training wiCh one exempl-ar. Following t.he t.raining of a

second exemplar, gieneral-ization increased to approximat.ely

40e" -
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Figure 4 shows the amount of generalization with Esther

across t.he four training phases. Five stimul-us classes had

to be ret.rained wit.h Esther. In t.he initia] phase, after

training with one exemplar, generalizat.ion to the testing

stimuli was aL approximately 183. Training with the second

exemplar resulted in a 1arge increase in generalization to

approximately 792. However, because of the initial- problem

with Dawn and in order to be consistent in terms of the

testing procedure, t.he 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 432. Training with the second

exemplar produced a small increase in generalization to

approximately 56e".

Training in the third phase using the alt.ernat.ing

procedure produced al-most. t.he same amount of generalization

as t.hat. found in t.he second phase, approximately 542. On

ret,urning to the oET phase, training with t.he first exemplar

produced only about BZ generalizat.ion to t.he t.esting

stimuli" Training with the second exemplar produced a

moderat.e increase in generalization t.o approximately 32e" -
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Fiqure 5 shows the amount of generalizaLion found with

Kathy. She was extremely slow to fearn and because of t.his

t.he 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 rat.e t.hese changes were not made. Thus

for Kathy the Laboratory and Generalization Tests remained

unchanged and testing was conduct.ed using probes

interspersed with instructions.

One stimulus class had to be retrained with Kathy. In

the first phase after training with one exempl-ar she showed

approximat.ely 46? generalizat.ion Lo the testing stimuli.
Following the training of the second exemplar general-izat.ion

increased to approximately 702. In the second phase aft.er

training with t.he al-ternating procedure, the amount. of
generalization found with Che testing stimuli was similar at

approximately 66e".

Table 2 shows the result.s of the error analysis for t.he

three children. Dawn and Esther showed very litt1e
overgeneralizat.ion to other training and testing stimul-i.

As well, they sel-dom used any other name when presented with

an object which t.hey couÌd correctly identify. In the

majority of insLances t.hey either failed t.o respond or what
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Table 2

Error Analysis Data For Experiment 1

Phase 1

*TVpe of Firsts second
Errors Exemplar Exemplar

100
240
3 109 105

234

First. Second FirsE/second Fírst second
Exempl.ar Exemplar Exemplar Exemplar Exemplar

Dam

013

646

101 45 49

EsÈher

461

601

62 42 48

KaEhy

31

89 62

118
203
3 102 12

14827
2762
343

00
60

110 73

35

)

0

oTVpe of Errors

1- Overgeneralizat.ion (use of one of the trained names
incorrect.ly t.o label an obj ect )

2 Use of a name not trained to label an object

3 Fail-ed to emit a response or replies that she does not
know the name
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was more probable said thab they "didn't know". Katherine,

on the ot.her hand, showed a qreaL deal of overgeneral-iza-

tion. She would often use the same name Lo incorrectly name

an object. She also initialty used a name oLher than that

trained t.o l-abel- an object. However, this t.ended to decline

following the training of t.he 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 tot.a1 of 35 stimulus classes \^/ere t.rained. 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 conLained good and

poor examples of a category. The other nine contained a

combinat.ion of good, moderate and poor examples of a

cat.egory" What is perhaps most interesting and, as the

t.able makes clear, mosL striking is the fact that 82rø of a1I

the objects used as either training or testing stimul-i were

rated as good examples of a part.icular category. Ten

percenL were rat.ed as medium examples and eight percent as

poor examples of a category.



53

TABLE 3

Number of Good, Medium, and Poor Examples of a Cat.egory for
Experiment l-

Tlpe of Number of Percentage of
Examples Examples Examples

Good

Medium

Poor

23r

28

2I

822

1_0%

8Z
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Table 4 shows the amount of generalization found wiCh each

child regardless of the training condit.ion after training with

two good examples, one good and one medium exampJ-e, ot one good

and one poor example of a cat.egory. The data was combined from

t.he two condiLions since neither condition proved to be superior

in t.erms of promoting generalization. The numbers in bracket.s

are the number of categories (stimul-us classes) Lrained using

each of t.hese t.hree conditions. Given Dawn's low rate of

responding in the first. phase, it was excluded from t.hese

calculations. The first training exemplar, chosen by the

experiment,er, \^/as always rated as a good example of a category.

Of trhe 24 categories which contained good, medium, and/or poor

examples of a cat.egory, 16 had an object rated as a medium or

poor example of a category as t.he second training exemplar.

Table 4 clearJ-y reveals that when training two good

examples, Lhe overall amount. of generalizat.ion to the testing
stimuli was not higher than that. found when brainingr included

either one good or one medium example or one good or one poor

example of a category. Indeed t.he most generalization found with

all three chil-dren was when one good and one poor example was

trained.
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TABLE 4

Generalization Results from t.he Best Example Theory of
Categorization for Experiment 1

Tl¡pe of Examples Trained

child G+G G+M G+P

DAWN 492
ESTHER 482
KATHY 583

8) 242
1-1- ) 492
6) 672

s) 622
8) 722
3) Bs8

5
5
3

G + G = TWo Good Examples Trained
G + M = One Good Example and One Moderate Example Trained
G + P = One Good ExampJ-e and One Poor Example Trained
( ) = The number of stimul-us classes trained with each type

of examples
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Di scus s ion

The result.s from the first. experiment. indicate that

bot.h t.raining procedures were equally effect.ive in teaching

the names of sLimul-us c.l-asses and promot.ing generalizat.ion.

Both Dawn and Est.her reached crit.erion in a relatively short

period of t.ime. The alternat.ing procedure would seem to be

a slightly faster means of teaching the names of the

stimulus cl-asses. This difference, while not large, may be

significanL when one is training a large pool of items.

While Kathy took much longer to reach criterion than the

other two chil-dren, the alLernat.ing 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

guite large. However, as the first phase was not replicat.ed

with Kat.hy, no unequivocal conclusions can be drawn.

Both training procedures proved t.o be equally effect.ive

in terms of promot.ing generalizaLion. While the resul-ts

with the alt.ernat.ing procedure replicate the finding of

Sal-mon et. al. (1-986), it was not found to be superior to the

OET condition. Once t.he procedural ckranges were made with

Dawn, g'eneralizat.ion increased subst.antial-Iy. Thus, she may

wel-l- have initial-ly discriminated beLween reínforced and

nonreinforced trial-s. With the except.ion of the f irst phase
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with Dawn, there was for bot.h Dawn and Est.her an overall
decline in correct respondingi over the four phases of the

research. The reason for this is uncleart it may reflect

some weakening of the token reinforcemenL cont.ingency.

However, the chil-dren 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

cl-asses had to be ret.rained, the results of t,he Post-

Training Test were always high. Moreover t.he chil-dren were

never rel-uctant to come to the training and testing
sessions "

In concl-usion bot.h training procedures were egualj-y

effective in promoting generalization" However, from a

cost-effect.ive view, the training of two exemplars near

same point. in time may represent a more efficient means

training st.imulus classes, assuming that at least. two

exemplars have to be trained before sufficient
generalizat.ion is noted.

The error analysis clearly reveals that Dawn and Esther

made few naming responses (overgeneralizations or otherwise)

to Ehe testing st.imul-i. Indeed most of their responses took

the form of "don't. know". However, with Debbie there was a

shift in her behavior from the firsL OET phase where she

often refused to respond t.o the last three phases where she

the

of
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was much more likeJ-y to respond "don't know" to a stimulus

member she couf d not correctl-y name. This f inding woul-d

seem to indicat.e t.hat Dawn was discriminating between

reinforced and non-reinforced trials during the first phase

and that the procedural changes made were effective in
alleviat.ing this concern. The results of the error analysis

with Kathy were quite different., in that she was much more

tikely to overgeneral-ize a response. Oft.en she woul-d use

the same name each t.ime she was presented wit.h 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 sEimul-us

control "

The result.s from the "best example,, ratingis do not seem

to support the best-example theory, as the t.raining of one

good and one poor example of a category produced as much or

more general-ization than did the t.raining of two good

examples. Caution is cert.ainly necessary in int.erpret.ing

these resulLs given bhat. most of the stimul-us members (B2Z)

were rated as good exampJ-es of a category. It may be that
t.he training of one good example of a category may produce

more generalization than the t.raining of one poor example.

Given t.haL mosL of the stimuli \^/ere chosen on a raLher basis

with no attempt Lo 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

stimul-us class may weÌI be cl-assified as grood examples of a

category and t.he number of medium and poor examples ñây, in
qeneral, be rarely found in a child's natural environment.

Since the alternating procedure was found t.o be

somewhat superior Lo t.he OET procedure in terms of the

amount of time iL requires to reach crit.erion, it was chosen

for Experiment 2. Also, with this procedure t.he

Generalization Test occurs on only one occasion within each

phase" Experiment 2 examined Ehe issue of diversity of

exemplars " When aLLempting t.o promote generalizat.ion the

question is whether one should train exemplars that are

similar Lo one another or whether one should train exemplars

that reflect greater diversity. In this sLudy, in one

condit.ion two members of a st.imulus cl-ass that. were similar
to one another were t.rained and generalízation to similar
and different stimulus members of t.he same st.imulus class

was assessed" In a second condit.ion, two stimulus members

that were different from one anoLher were trained and again

generalization was assessed to similar and different
stimulus members of t.he same stimul-us c.Iass -
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Experiment. 2

Method

Subi ect.s

Three subjecLs took part in Experiment 2. T\øo of the

subjects (Lil-lian and Cindy) were enroled in the day care

program at. a training and Lreatment faciJ-ity, the St. Amant.

Centre in Winnipeg, Manitoba. The third (Dan) part.icipated

in the research at his home in EdmonLon, A1bert.a. prior to

commencing the research, letters were senL to the parents of

t.he chil-dren seeking permission to empJ-oy their child in t.he

research "

Li1l-ian was 4 years old at the time she participated in
the present. research. She had been diagnosed as being

developmentally delayed. At age 3-l-0 her receptive and

e>çressive language abilities were assessed aL 3-0 on the

Sequential fnvent.ory of Communication Development - Revised.

On t.he Peabody Picture Vocabulary Lest she scored at. age 2-

r-0 "

Cindy was 3-6 at t.he time she part.icipated in the research.

Dan was 2-8 at t.he time he participated in t.he research.

Both cindy and Dan were developmentally normal and no formal-

assessment of their language abilities was conducted.
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Settinq and ApparaLus

Training sessions for Lillian and Cindy were conducted

in a room in the research area of the psychologry department

at the St.. Amant Center. The child and experimenter sat.

opposite one another at a table. On the t.abl-e a console

timed the lengt.h of a trial and the inter-tria1 int.erval.

The trial lasted for I seconds or until the child emitted a

response, which ever came f irst. The int.er-trial- interval-

was 5 seconds. On a shelf beside the Lable a clock timed

t.he lengLh of each session. AIl sessions were l-5 minut.es

long and each was vid.eotaped. The training and t.est.ing

stimul-us were placed on t.he floor within easy reach of Ehe

experimenter but out of Lhe children's sight.

Sessions with Dan were conducted ín a room in his home

in EdmonLon, Alberta. Dan and t.he experimenter again sat

opposite one another. The lengt.h of the trial- and inter-

trial intervals was t.he same as used with Liltian and Cindy,

as was the lengt.h of each session. However, a video

recorder was not available and all- sessions were audiotaped.

Traininq and Testino Stimuli

As an in Experiment. !, 40 stimul-us classes \^rere

selected prior to the st.art. of the research. Many of the

stimulus class members were the same as t.hose used as in t.he

f irst. experiment. Within each stimulus cl-ass eiqht. stimulus
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members were se.l-ecLed f or training and testing purposes.

These were selecLed on the basis of t.hree separate ratings

obt.ained wit.h introductory psychologry students. Prior to

the ratings, Lhe experiment.er acquired anlrwhere from eight

to fourteen members of a stimul-us class. This was done with

al-l forty stimulus classes. Many of the stimulus members

were f rom t.he f irst. experiment., while ot.hers were purchased

specifically for this experiment " The number of st.imulus

members ínitially used in the raLings was determined largely

by their cost.

The rating for the second experiment differed
considerably from the first. experiment. In Experiment 1-,

the ratings v\¡ere designed to rank order the different
st.imuli of each st.imulus class Lo det.ermine which t.wo

stimul-i were l-east similar to one another" In Experiment 2,

the ratings were designed to ident.ify Lwo different groups

of stimuli within a stimulus cl-ass, wit.h t.he stimuli in each

group being similar to one anot.her.

For t.he first. rating ten int.roductory psychologry

st.udents were asked to place each st,imulus member of a

st.imulus cl-ass int.o one of two groups (1- or 2) using

similarity as a basis for grouping them. The rating

instructions required EhaE the stimuli placed in the firsL
group be simil-ar to one another, yet different from the
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stimuli placed in the second group which al-so had to be

similar Lo one another. If in the opinion of the rater a

stimul-us did not belong with either group the rat.ers were

instructed to place it in a miscell-aneous group. The raters

were informed t.haL Lhere was no set number of members that

had t.o be placed in either group. (See Appendix E for the

rating instructions. )

FoÌIowing this initial rat.ing of each stimulus cJ-ass,

some of t.he members placed in one group \^/ere transposed j-n

order to balance out t.he rat.ings. For example , if one rater
for the st.imulus class "BADGE" had placed t.he stimuli
labelled A, B, C, D, into group l-, and t.he stimuli labelled
E, F, G, H int.o group 2 and a second rater had placed the

stimuli labelled A, B, C, D, into group 2 and the stimuli
label-led E, F, G, H into group 1 the second rating was

simply transposed with the stimuli labelled A, B, C, D, E,

pJ-aced in group 1 and t.he sLimuli labelled E, F, G, H in
group 2.

If more t.han three rat.ers disagreed on the assignment

of a stimul-us to a particular group it was discarded.

Following this first rating, for some stimulus cJ-asses,

fewer than four stimulus members were left. in a group.

SubsequentJ-y/ new members were added to these stimul-us

classes and all- forty were rated a second time using a
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second group of ten introductory psychology students. The

rat.ing instructions given to this qroup of students was

identical to those given to the first group of raters.
Aqain, if more than three of the raLers could not agiree on

which group a member of a stimulus class shoul-d be placed

in, it was discarded.

This second rat.ing produced enough ag'reement. such that

for each stimulus cl-ass 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

t,hat would be ret.ained for the experiment. Once eight
stimulus members, four in group 1 and four in qroup 2, had

been selected for all forty stimulus classes a final raLing

was conducted. The purpose of t.his rating was to further
confirm the experimenLer's sel-ection of st.imulus members.

It. differed from the first two rat.ings in that a t.hird group

of ten introductory psycholog-y student.s were given a forced

choice" For all forty st.imulus classes, Lhe raters hrere

asked to place the eight members of a class, chosen from the

second rating, into two groups " The ratings were made again

on t.he basis of similarity. However, the raLers 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 agireement. between this forced choice rating and t.he

second rat.ing. (See Appendix F for t.he forced choice rating
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inst.ructions. ) The forced choice rating produced 1002

agreement for 31 of the 40 stimulus classes, 90% for two

stimulus cl-asses and 70% for one st.imulus class.

Prior to commencing the research, the two groups of

four stimul-us members that made up a stimul-us class were

randomly assigned t.o either group 1- or 2. This procedure

was conducted with all forty stimul-us classes. Following

this, Lwo members in group l- and one in group 2 were

randomly chosen as a training sLimuli for each stimulus

class.

In addition, the new stimuli that were acquired for
this research were rated as to whether t.hey were good,

moderate, or poor examples of a stimulus cl_ass (cf " Mervis &

Pani, 1980)

Appendix G. )

(The results of t.hese ratings can be found in
On a post hoc basis, raLers were asked to rate

each of the three t.raining stimuli for each st.imul-us class

in relation to the other members in a stimulus cl-ass, using

similariLy or shape as a basis for rating them. The rat.ings

were conducted for all 40 stimulus classes. A total of six
groups of ten raters each were used for these ratings. Each

group rat.ed one of the training stimuli in relation to the

other seven st.imul-us members using either similarity or

shape as a basis for rating them" The purpose of these
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ratings was to furt.her confirm the experimenter's assignment

of stimulus members to either group I or 2.

The placement of t.he stimuli int.o groups provides only

nominal informat.ion. The post hoc ratings provide ordinal

information about the st.imulus members of each stimul-us

class. The rat.ings shoul-d reveal- that. the stimulus members

belonging to one glroup should be rated as being more similar
to the t.raining stimul-us (stimul-i) belonging t.o the same

group than those st.imulus members that. belong to t.he ot.her

group" The shape ratings were conducted to see if there was

any correspondence between the amount of generalizat.ion

not.ed and how similar the members of a stimulus class \^/ere

in t.erms of shape. (See Appendixes H and I for the

similarity and shape rating instruct.ions. 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. fnitially two

replications were planned. However, after the preliminary

assessmenL it. was discovered Lhat neither Lil-lian or Cindy

had the required numlcer of unknown stimulus cl-asses and as a

result only one replicat.ion was conduct.ed. In each phase,

each chil-d was trained to name six stimulus classes - In
phase 1-, Lwo members from each stimulus class were trained.
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These were the ones that had been rated as being simil-ar to

one anot.her. These two stimul-us members were always chosen

from qroup 1-. In phase 2, two members from each stimulus

class were trained using bwo sLimulus class members t.hat. had

been rated as being different from one anoLher, one from

group 1 and one from group 2. PLrase 3 was a replication of

phase l-" For Dan only, phase 4 was a replication of phase
.)

Prel iminarv Procedures

Each subject proceeded through the same preliminary

steps as in Experiment 1-. As in Experiment 1 each subjecE

was worked with on an individual basis-

Overview of Traininq and Testinq Procedures

Each subject proceeded t.hrough the same sequence of

Lesting and training as was used in Experiment. l-. The

alt.ernat.ing procedure was used throughout Experiment 2. fn

addition, for Lhe Generalization Test, instructions were

interspersed with probes in the same manner as had been

originally proposed in Experiment 1-. Primary and social

reinforcemenL was also administ.ered in t.he same manner.

During training and the Post.-Training Test all- correcL

responses Lo probes and prompts were given social

reinforcemenL. Correct responses to probes \^/ere also

reinforced with primary reinforcement. using a VR 5 schedul-e



of reinforcement. Primary reinforcers consisted

between pieces of "smarties", chips, "Cheezies",

teaspoon of ice cream.

of

or

6B

a choice

L/2

Dependent Variables

The dependent variables in Experiment. 2 were ident.ical

to those of Experiment l-.

rnterobserver Reliabil- itv

Table 5 shows t.he resul-t.s

reliability checks. IORs were

to that employed in Experiment

"9 to 1 " 0, with many inst,ances

of the interobserver

conducted in t.he same manner

l-. Coefficients ranged from

of perfect agreement.

Procedural Reliabilitv

Procedural rel-iability checks were conducted in the

same manner as in Experiment I. The reliability checks

during training, indicated t.hat: 1) the wrong stimulus

class was presented on t.wo occasions; 2) the wrong member of

a stimul-us class was presented on two occasions; 3) the

t.raining sequences of prompts and probes was incorrectly
presented on Lwo occasions, and 4) the presentation of

primary reinforcemenL failed to occur on one occasion.

The reliability checks, during the Post training and

Generalization tests indicat.ed Lhat: 1) the appropriate
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Table 5

rnterobserver Reliability Coefficients for Experiment. 2

Procedure

Training Post-Training Generalization

child c* I** CICI

Lillian .98 .95 .99 .90 1.0 i-.0
Cindy 1-.0 l-.0 1-.0 .92 l- .0 l-.0
Dan 1-.0 .90 .98 1.0 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 incorrecL.
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stimul-us class was always presented; 2) the appropríate

member of a stimulus cl-ass was always presented; 3 ) the

training sequence was adhered to perfectly, i.e., t.he

correcL presenLat.ion of inst.ruction following trials and

probe trial-s, and 4) on two occasions a probe trial was

socially reinforced during the generalization test and

primary reinforcement failed Lo occur on two occasions"

Results

Figure 6 shows the mean amounL of time it t.ook all

three chil-dren Lo reach criterion for each stimul-us class "

Lill-ian, in phase t, averaged approximately 11 minutes for

each stimulus cIass. In phase 2 this increased

subsLantially to 1-9 minutes per stimulus class. Upon

returning to phase 1,, there was a further small increase to

22 minut.es per stimulus class. The reasons for these

increases is difficult. to det.ermine but. may represenL some

fatigue factor with regard t.o the training procedure. For

Cindy the averagre amount of time to reach crit.erion for each

stimulus class, while showing some small increase, did not.

seem to dif fer signif icantly over phases. For Dan, t.he

amount of time to reach crit.erion was fairly consistent

across the four phases.

Figure 7 shows the amount of generalization found with

Lill-ian over the t.hree phases of the experiment. Each phase
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of t.he experiment is presented in terms of the amount of

generalization found with all the testj-ng st.imulj- (groups l-

and 2 combined), the amount. of generalization found for
ttrose testing stimuli belonging to group L, and tlre amount

of generalization found with those testing stimul-i belonging

to group 2. The black dots indicate the result.s of Post-

Training Test. Over the course of the research, two

stimulus classes had to be retrained with Lillian.

In the first phase aft.er t.raining two similar stimulus

members from group L, generalization to a]I members from

bot.h group 1 and 2 was at approximately 412 - However,

generalization to Ehe testing stimuli belonging to group 1-

was much higher at approximately 64e". With the testing
stimuli belonging to the group 2, generalization was

considerably lower at approximately 3te". In the second

phase where one st.imulus member was trained from group 1 and

another from group 2, generalization t.o all testing stimuli
was somewhat. higher at 51-e". InteresLingly, generalization

Lo the Lesting st.imuli belonging to groups 1 and 2 was

almost identical at. 50% and 52å respectively. After
replicating the first phase, generalizat.ion to all LesLing

stimuli was considerably lower at approximately 262.

However, consistent with t.he previous phase 1 result.s, the

amount. of generalizat.ion found to the testing st.imuli

belonging to the group 1 was consist.enLly higher at
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approximately 552. Generalization to the test.ing stimuli in
group 2 was very Ìow at only LLZ.

Figure B shows the amount of qeneralizatíon found with

Cindy over the three phases of t.he research. Four st.imulus

classes had t.o be reLrained with Cindy. fn the first phase,

after training two similar stimulus members from group 1-,

generalization to the tesLing stimuli belonging to groups l-

and 2 was at approximately 442. Generalization to those

test.ing st.imuli 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 approximat.ely 252. In the second phase, afLer t.raining

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 t.o approximately 872., Consistent with the

resul-ts from Lillian, generalization was evenly divided

across the Lest.ing stimuli from groups i- and 2 at 89å and

85U respectively. On replicat.ing t.he first phase the

amount of generalization to all testing st.imuli fell
considerably to approximat.ely 452 " Consist.ent with the

previous first phase and with the result.s found with
Lillian, generalization t.o those stimuli belonging to group

1 was considerably higher at approximately 75? while
generalization to group 2 was considerably l-ower at 3IZ.
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Figure 9 shows the amounL of generalization found with

Dan over the four phases of the research. TWo stimulus

cl-asses had to be retrained with Dan. In t.he firsb phase,

af ter training wit.h two stimul-us members f rom group 7, the

amount of generalization to aII testing stimuli was at

approximat.ely 43e". General-ization to t.he testing st.imulí

found in group 1 was at approximately 78%, while

generalizat.ion to the testing stimul-i belonging Lo group 2

was aL approximately 26e". In the second phase, after
training wit.h one st.imulus member from group l- and one from

group 2, the amount of generalizat.ion was high at

approximaLely 812. General-ization t,o t.he test.ing stimuli
belonging to groups l- and 2 was almost identical at, 892 and

85? respectively. On replicating the first phase, the

amount. of generalization t.o al-l- testing st.imuli is higher

than thaL found in the first. phase at approximately 552"

Generalization to the test.ing sLimul-i in group 1 is again

high at approximateJ-y 862, while greneral-ization to the

t.esting stimuli in group 2 is much lower at approximately

383" On replicating t.he second phase, generalization to all
the test.ing stimul-i was at 83%. Generalizatíon to t.he

members in groups l and 2 was al-so identical- at 83?. The

amount of generalization is masked by some difficulty Dan

had with one st.imulus cf ass - In this phase one stimul-us

class had to be retrained. Alt.hough Dan was abl_e to achieve
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902 on t.he Post.-Training Test, he did not respond to any of

the t.raining or testing stimuli on the Generalization Test.

His performance with the ot.her stimulus classes refl-ects

perf ect gieneralizat ion.

Tabl-e 6 shows the results of the error analysis. The

t.hree children made very f ew overgeneralizat.ion errors.

Both Lill-ian and Dan oft.en used a name other than a Lraining

name to describe Lhe t.esting members. Often this was the

same name they used in t.he Laborat.ory Test to incorrectly
labe1 a st.imul-us member" All three children, when presented

with a stimulus member they could not name typical-ly
responded with "don't. knovr". They rarely failed t.o emit a

response.

Table 7 shows the break down of the different st.imulus

classes in terms of good, medium, and poor examples of a

cat.egory (cf " Mervis & Pani, L980). A total of 26 stimulus

cl-asses were trained between the three chil-dren. 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

tabl-e makes cfear, despite the infusion of new stimuli into
the experiment, t.he percent.age of good, medium, and poor

examples of a category were very similar to that. found in
the firsE experiment. Eighty-three percent, nine percenL
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TABLE 6

Error Analysis Data For Experiment 2

Lillian

Phase 1-

*T\zpe of
Errors

1-L6

25242

3 r_0 s

Cindy

t2
24
354

Dan
l_6
228
328

1

37

38

1_

0

58

1-

0

1_3

5

6

3

0s
260
23 l_3

*T\¡pe of Errors

i- Overqeneralization (use of one of the t.rained names
incorrect.ly to labe1 an object

2 Use of a name not trained t.o label an obj ect

3 Fail-s to emit a response or replies that. she does not
know the name
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TABLE 7

Number of Good, Medium, and Poor Examples of a Category for
Experiment 2

Tlæe of Number of Percent.age of
Examples Examples Examples

Good

Medium

Poor

1-7 2

1,9

L7

833

9Z

BU
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and eight percent. of the st.imulus members were found to be

good, medium and poor examples of a category respectively.

Table I shows t.he amount of qeneralization found after
training in both condit.ions of Lhe research. Only those

st.imulus classes trained using two good examples of a

category are displayed in the table. If a good and medium

or good and poor exampÌes were trained these results were

not considered in the calculations. The rational-e for the

above is that. according Lo t.he best. example theory the

training of one or more good example should be an effective
means of prompting generalizat.ion. The two t.raining

conditions studied in t.his research should be irrelevant., as

long as bot.h examples of a category have been rat.ed as good

examples of it. The table clearly reveals that the amount

of generalization found depended on the training conditions

and was not specifically affect.ed by the training of two

grood examples. Lillian showed 332 generalization after
t.raining with two similar exemplars versus 642 after
training with two different exemplars. Cindy showed 5l-?

and 908 generalizaLion respect.ively and Dan showed 528 and

85? generali zat íon respect.ively "
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Tabl-e 8

Percentage of Correct General-izabion After Training T\¡ro Good
Examples of a Category by Training Condit.ion

Training Condition

Train T\¡¡o Similar Train T\¡¡o DifferenL
Child Stimulus Members St.imulus Members

Lillian
Cindy
Dan

333

5rz
52?"

642

902
8sz
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General Discussion

While the results of Experiment 1- indicate that
generalizat.ion is noL affected by training two exemplars

separat.ely or together, the resul-ts of Experiment 2 clearly
indicate t.hat diversit.y of exemplars promoLes greater

generalizat.ion than does similarity of exemplars. These

result.s were consistent. both within and between children.
IE is likely that the t.raining of two diverse exemplars

samples a broader rang,e of relevant stimulus

characteristics. On the other hand the training of two

exemplars t.hat are simil-ar Lo one another may promote very

tight stimulus cont,rol over a narrow range of stimulus

charact.erist.ics. From a purely applied point of view t.he

result.s would seem to qualify St.okes and Baer,s (L977)

suggest.ion of "Lraining sufficient" exemplars. While

"sufficient" exemplars is important, it is also necessary t.o

consider the types of exemplars t.rained and whether t.hey

sample t.he broad range of st.imulus characterist.ics needed t.o

promot.e generalization. Consideration of this, prior to

training, frây result. in a subst.antial reduct.ion in t.he

amount of training t.ime necessary to promoLe optimal level_s

of generalization. The resulLs fit nicely into Slokes and.

Osnes (1989) concept of "Train Diversely", but. again quatify
it in the same manner as above.
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Lil-l-ian was the only handicapped child in Experiment 2

and it could be argued that these findings may not be

reliable with ot.her handicapped children. While t.he size of

t.he effect with her was not as large as with t.he other

chil-dren, the trend is c1earJ-y in the same direction. In

addition Lill-ian also took longer Lo 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

generalízation to all members of a st.imulus class. ïE is
clearly possible that more than t.wo diverse groups of

simil-ar stimuli can be identif ied within a st.imul-us cIass.

The ratings cert.ainly indicat.e that some st.imulus members

were not seen as being members of either group. The present

results may add support to the quantal view of st.imulus

generalizat.ion (Bickel & Etze1 , 1985). This view suggest.s

that a stimul-us-response rel-ationship represents a unit that
may or may not occur. Traditionally, stimulus

generalization has been viewed as a continuous relationship
beLween stimuli and responses. Thus, the second group of

stimulus members for al-I intents and purposes may represent

a new unit that. has Lo be explicitedly t.rained. WiLhin any
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one stimulus class there may be a numlcer of different units.

In the future, research which addresses this issue may

be of some val-ue. If for a number of stimu]us 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 general-ization to the

third group" If it did not. and the third had to be

explicitly trained, t.his would add support to the quantal

view of generalization. The results may also be interpreted
in t.erms of summation of generalization gradients after
training at. Lwo different points on the stimulus conLinuum

(Ka1ish & Guttman, 1-957) .

fL may perhaps be argrued t.hat the assignment of members

to a group was fl-awed and that they did noL represenL

distinct cat.egories. However, t.he ratings obtained on a

post. hoc basis using bot.h similarity and shape as relevant

dimensions would seem to add furt.her support to the

assignment of members to t.heir respective groups. What. is
also interesting about these ratings is that., for many of

the stimulus members rated, the mean shape and similarity
raLings are similar to one another. It may well be that
when people are asked t.o use similariLy as a basis for
rating stimulus members, shape malz be the dimens'ion which is
t.he primary focus of the rating.
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The resul-ts of Experiment 2 would not seem Lo support

the best example theory of categorization. When training

with two good examples generalizat.ion should not, according

to this theory, be affected by wheLher the stimulus members

are similar or different from one anoLher. However, the

l-atter was clearly what. influenced the children's
responding. As with Experiment L, most of the stimuli were

rat.ed as good examples of a caLegory, despite the fact that.

402 of the stimuli were specifically selected for this
experiment.. fL is possible, given the wide exposure

introductory psychologry students have had t.o numerous

objects, Lhat what. is considered a good example may be based

more on the familiarity of the object. Lhan any other

characteristic.

Caution is advised, however, in evaluat.ing 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 t.heory more closely in
relat.ion t.o t.he 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 t.hey 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 t.hat 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 cl-ass into at. l-east two diverse groups. Once

these groups have been identified. applied practitioners

need only t.rain one or Lwo exemplars per group to maximize

generalization across t.he largest number of members wit.hin a

st.imulus class -
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Appendix A

Rat.ing Instructions For Experiment 1

Each stimulus class was rated separately. Rat.ers worked
independently of one another. The following instructions
u/ere read to each rat.er:

On the table in fronL of you are 40 different.
categories of obj ects . Wit.hin each category there
are I objects which differ from one another along
a number of dimensions. However, w€ would
typically cal-I each object. by the same name (e.g"
kett.le, c1amp, masher) . Each object within a
category has been l-abel-Ied with letters A-H. I
would like you t.o first locat.e the object label-led
with the lett.er "A' . I would then like you to
rank order Lhe remaining 7 objects in relation to
t.he rrArr object using similarity as a basis for
ranking Lhem. The objects should be ranked from
most to least similar to t.he A object.

On the data sheet provided you will note the name
of each object., the l-etters A-H and a blank space
bel-ow each let.ter. Below t.he letter A the numberu1u has been placed. Once you have rank ordered
Lhe 7 objects the appropriate number should be
placed in the space provided below the appropriat,e
letter. For example if for a certain category you
deem the rrDtr object Lo be most similar to the uAn

object., Lhe number 2 should be placed bel-ow it.
If the rrFtr object is deemed least similar the
number 8 should be writt.en 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 cat.egory which it has been assigned place a
rrXrr below the appropriate l-etter. Do you have any
questions?
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Appendix B

Final- Ratings of Stimul-us Classes For Experiment. 1

Raters
Stimulus
Member

1_t_l-11_1_111_l_
3333333333
4455545555
7877787777
6766676866
2222222222
8688868688
5544454444
11-l-l_1_t_11_l-1
2522222222
7787888887
6868666664
5454555456
324543353s
4336344343
8673777778
1- l- t_ l_ 1- 1_ 1_ t_ l_ l-
7888887888
2222222322
4443444444
3334333233
5676676676
8767768757
6555555565

1-1_1_1_l-l_11-1_1
3323223223
2434342s32
4252454344
654s63s675
s666s66486
777887't767
8887788888

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
C
D
E
F
G
H

Badge

Beater

Bracelet

Bowl



OA

1_

5
2
3
7

6
4

1-

4
2
3
7
B

5
6

1
5
2
3
7
oO
4
6

1"

4
2
3
'7

ô
Õ

5
6

1-

2
3
4
'7
ô(l

6
5

1
/1

3
2
7
ôo
5
6

t_

5
)
J

z
I
l
4
6

t-
5
2
3
7
ô

6
4

l_

)
5
4
6

3
B

1
4
)
3
5
7
B

6

.É\

B
C
D
E
F
G
H

L
I
7
5
2
6
4
3

t_

3
)
4
5
6
7
I

Candl-e

Chain

Clamp

Clip

Clothespin

l_

3
(f

6
7
2
5
3

1-

3
I
7
5
)
6
4

1
4
I
7
6
2
3
5

1_

/1

ôo
7
6
2
3
5

L
3
I
7
6
z
4
5

t_

3
o

6
7
1

4
5

1-

3
7
8
5
2
6
4

1
4
I
7
3
')

6
5

1-

I
7
5
3
6
4
2

1_

I
4
6
2
5
3
7

1_

I
4
6
2
5
3
7

1
I
7
5
2
6
4
3

l-
2
4
3
6
5
7
I

1-

2
3
5
4
6
7
I

1
3
2
5
4
7
6
8

1_

2
3
4
6
5
7
I

1_

2
3
5
4
6
7
B

t_

3
7
6
I
2
5
4

A
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

1-

6
7
2
5
8
4
3

1_

4
I
2
6
7
5
3

A
B
c
D
E
F
G
H

1-

4
I
6
3
)
7
5

t_

8
7
4
2
5
6
3

1_

I
7
5
2
6
4
3

1_

B

6
5
)
7
4
3

l-
B

7
5
)
6
4
3

1_

3
I
)
5
7
6
4

1-

3
B

2
5
7
4
6

1
3
7
5
2
6
4
I

1-

)
4
3
5
7
6
B

1_

3
4
2
5
6
7
B

1_

2
3

6
5
7
I

1
2
3
4
5
7
6
I

1
3
8
2
5
7

6

1-

3
8
2
7
4
6
5

1-

4
B

2
5
7
6
3

l_

3
7
2
5
I
6
4

l_

4
7
2
6
I
5
3

1-

6
4
z
ô
Õ

5
7
3
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111_l-t_11_l_1-l_
4343555435
86Bl8BB7BB
6868676666
2222432342
3554224223
5435343554
7776767877

t-11_1-1-11-1_Ll_
4444544555
2333333323
8868788888
6s77666666
7786817777
5655455444
3222222232
1- 1- 1_ 1_ 1_ l_ 1- t_ l- 1_

6644363476
3476645633
4567787745
8888878888
5353556354
7735432567
2222224222

r_1-1_1-1_L1_11_1_
3432644365
2326222223
6767366637
7878477778
8685888886
4553753444
52445355s2

11_11_1-L1,1_i-l-
7343224342
2222432223
4777877788
8888788877
6s646s6s65
3636363636
5455545454

A
B
C
D
E
F
G

H

là
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

Coffeepot.

Dustpan

FlashJ-ight.

Frying Pan

Funnel
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l_l-Ll_11-l_t_11-
s554344363
787'77'7778'7
2145653234
8288888878
6366466646
4633535455
3422222522
1_l_l_11_1-t-l-t_t-
8788888788
5453344344
6566666465
4645ss5656
7877777877
2222222222
3334433333
1_t-l-111_1_1-1_1_
6876777767
8767888878
2222222222
4343355335
5554443543
7688666686
3435534454
1-1-1-1_11-r-111_
2232223222
3323332333
5445445544
4554554455
7768776666
6676668666
8887887888

l_111r-1_t_t_1_1_
4322s34222
7486856464
5717677778
2535343555
88687B8BB1
3243222343
6654465636

A
B
c
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
c
D
E
F
G
H

Hanger

Helmet

Hook

Horn

Kettle
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l-11r_r_l-1_11-1,
2222332232
6577673178
5688888886
8455555445
3766166651
4833221523
7344444334

11L1_1_1_1_l_l-t-
6666666666
4344444244
54555553s5
3533333s33
7777777777
2222222222
8888888888
1_l-1_1_1-tl_1_1_l_
8755s766s5
2222222222
6566164577
4888888888
3333343333
5444435444
7677677766

1- 1_ 1_ t_ 1_ 1_ l- 1_ 1_ 1-

65466544"78
3775566655
4464445544
8658777767
2222322232
5333233323
7887888886

1_1-l_1_l_1_11_Ll_
8653435434
6334343346
7475656663
4747778877
2222222222
388888t788
5566564sss

A
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
C
D
E
F
\J

H

A
B
C
D
E
F
G
H

Ladel-

Lock

Masher

Neckl-ace

Opener
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11r_1_11_l_1Lt
3432434644
6254222232
5881777717
8778888888
2625656426
4546565565
1363343353

A
B
C
D
.L

F
u
H

r-11-1-11-1-1_1_1_
s333424447
7787765775
4554557553
2445232232
B I 6 I I g 8 g I '.8
6676676666
3222343324
111-1_11_1_1tt-
2322422234
4243244422
3434333343
88688s868s
6787677867
7555785578
56765667s6
1_l-t-1_1_1Ll-l_1_
2222222222
6333333333
8454444444
4666665666
754s556555
3777777777
5888888888
1_l_1_L1LLL]_1_
6ss46556s6
8888888787
5763567875
4445444444
2222222222
7677776568
3336333333

A
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
c
D
E
F
G
H

Paddle

Pitcher

Pliers

Ring

Rul-er
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L1_1111-1_L1_l-
2566646444
6645554655
4222232222
3333323333
7"7s4465566
447887"7777
BBB]788888

ìä
B
C
D
E
F
u
H

11r_1_1_11_1-1_1_
3566335535
6888888888
5333647363
2422224222
7771462746
46s55s6657
6244773474

Screw Driver A
B
C
D
E
F
G
H

l- t- 1- 1_ r_ 1- 1- l- 1_ 1-

3223223232
6776677687
2334332323
4555554455
8888788878
7667866766
5442445544

1_11_r-L111
32323323
s7s65668
63636456
25242242
46454534
74777775
88888887

1l_
336s
46
22
54
87
78

1l_1_11_1_Lt1_1
4444545434
2232222222
6s26373553
77'/7666766
335343464s
5665757877
8888888388

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
C
D
E
F
G
H

Scoop

Slipper

Spat,ula

Stapler



l_00

i-1-1_r-r-1_11_11_
3332333633
5654546356
4545454445
6466665567
71BBBB88B4
2223222222
8877'777778

111-1-r-l_1111-
3536564574
6888888888
8644647655
4363333333
2222222222
5457475466
7775756747

1_11-l_1-r_11_11
2222222222
58s4544455
3333433333
4745358564
8468887888
6s76675676
7687766747
1_1_11-1-1_L1_1-1,
3444433434
7787778877
6s6ss6656s
56s66ss656
4333344343
2222222222
8878887788

1i_1-1_t-t-1_l_1_1_
3888888838
7446s65774
8733777387
5677433466
6s5465664s
2222222222
4365344553

A
B
C
D
E
F
G
H

A
B
C
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
c
D
E
F
G
H

A
B
C
D
E
F
G
H

St.rainer

Thread

Tongs

Whistle

Wrench



l0 r_

Lr-]_Lt_r_1_l_11,
2322324222
BBBBBBBBBB
6616766666
1767677777
5444445554
3233233333
4555552245

A
B
C
D
E
F
G
H

Zipper
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Appendix C

Best ExampJ-e Theory Rat.ing Instructions
The instructions used for rating objects according to Lhe
best example theory were ident.ical to those used by Hupp
(1980) and were as follows:

This study has Lo do with what we have in
mind when h/e 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. Al-t.hough you might
still name Lhe orange-red or the purple-red with
t.he "red", they are not as good examples of red
(as clear cases of what "red" refers to) as the
cl-ear "Lrue" red. In short, some reds are redder
t,han others. The same is true f or ot.her types of
categories. For example, think of fruit.s. An
apple is a much better example of "fruit" Lhan a
coconut is. Note that this kind of judgement has
nothing to do with how well you like t.he thing.
You might like a purple-red better t.han a true
red, but still recognize that the color you like
is not a true red. You may prefer to eat coconuts
t.han to eat, apples, without. thinking that coconuL
better represents what people mean by ufruit".

On this form you are asked to judge how good
an example of a cateqory various objects are.
First look at. all of the objects in t.he cat.egory.
You will notice t.hat each of t.he objects has a
leLter on it. On the form, t.he object. l-etters are
listed.

After each let.Ler t.here is a bl-ank. Please
rate how good an exampl-e of the category each
object is, using a 7-point sca1e. A u1u means
that you feel the object is a very good example of
your idea or image of the category. A ttTtt means
you f eel t.hat the obj ect f it.s very poorly with
your idea or image of the category. A u4u means
you feel t.he object fits moderat.ely welI. Using
the other numbers of the 7-point. scale to indicate
int.ermediate j udgement.s .

While all- the objecLs have been considered
members of the category by at. leasL some people,
you may disagree. ff you feel that. an object is
not a member of the caLegory, put an rrx,t in the
blank after its number.
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Do not worry about whv you feel that
someLhing is or is not a good example of t.he
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 obj ects in any order t.hat you
wish.
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Appendix D

Results of the Best Example Ratings For Experiment l-

The resuÌts f rom t.he best example rat.íngs were as follows:

Stimulus
Cl-as s

Badge
Ã-

Beater _Ã-

Bracelet
^-

Bowl-

^-
Candle _

^-
Chain

Clamp
Ã-

Ctip
À-

Coffeepot
Ãj

Dustpan_
Ã-

Flashlight.
v

Fryi-ng Pan
Ã-

Funnel _
^

StÍmulus Members

^-
Clothespin

^

A
l_.1_

A
1-.9

A
t.9
A

1.3

A
1_.1

A
1_.2

¡1

1.2

A
2.L

t_ .5

A
2.0

-ð.

l- .3

A
1_ .3

A
l_ .0

A
t_. 0

B
1_ .1

B
L.7

B
2.4

B
1- .4

B
1- .4

B
1- .5

B
3.8

B
4.1_

B
2.9

B
1-.6

t)Ð

1- .5

B
r.4

B
1" .6

B
1.6

C
r.2

C
5.0

C
3.6

C
2.0

c
L.2

c
3.0

C

^)
C

1_.7

c
3 .1_

C
4.4

C
1_.5

c
1_.5

C
r.6

C
1.0

D
3.7

D
2.6

D
1.2

D
1_ .3

D
1_.0

D
2.5

D
1-.9

D
2.0

D
2.5

D
3.9

D
3.5

D
1.7

D
L.7

D
2 -1_

E
3.8

E
2.r

E
2.0

E
1- .5

E
1_.8

E
r_.8

E
4.4

E
2.1-

E
1- .3

E
2.0

E
2.0

E
3.9

E
r.4

E
3.0

F
1_.2

F
I.4

F
3.2

F
2.2

F
2.3

F
L.2

F
4.1_

F
l_. 0

tl

3.5

F
t.7

F
4.7

l'
1.5

F
4.2

F
2.L

GH
2.0 t.4
GH

1_.6 5.0

GH
2.0 1".6

GH
2.2 2.3

GH
1".4 2.L

GH
1_"9 t.9
GH

4.L 2.2

GH
1.2 2.2

GH
3.6 4.6

GH
l_.9 4.3

GH
1_.6 1.2

GH
1-.3 1 .5

GH
2.I t_.0

GH
l-.1 L.4



St.imul-us
Cl-ass

Hanger _
A_

Helmet _
^-

Hook
^-

Horn
X-

Kett.le

Lock
Ã:

Masher
^-

Necklace
^-

Opener _Ã-

Paddle _
^-

Pitcher
Á:

Pliers _
^-

Purse
=_^-

Ring
À-

RuIer
L-

Stimulus Members
t_05

GH
1.5 t_.9

GH
1.2 l_.3

GH
3.9 2.3

GH
3.4 4.I

GH
1_.2 2.9

GH
1_.3 3"8

GH
L -4 1.9

GH
2.9 3.5

GH
1.9 2.6

GH
1-.8 3 .8

GH
2.4 2.6

GH
2.6 1-.6

GH
4.6 2.1

GH
2.7 3.2

GH
L.4 2.3

GH
3-0 1.1

Ã-

LadeI
^-

A
l-.5

A
1_.1_

A
2.L

A
1_.0

A
1-.5

A
1" .4

A
1-.0

A
t_.8

A
1_ .3

A
1_.5

A
2.4

A
l-.1

A
L.2

A
r-2

A
t.2

¿I

1-.2

B
r_.6

B
3 .1-

B
l_ .8

B
3 .1-

B
r_. 6

B
L.6

B
l_.0

B
3.2

B
2.5

B
t- .3

B
3.0

B
2.0

B
1.3

B
3.9

B
i_ .5

B
,)?

1".2

C
1_ .1

c
3 .1_

C

C
2.0

c
,o

C
1 .1-

C
2.5

C
1-.8

c
))

c
'))

C
2.4

C
1.3

c
5.0

c
1- .3

C
3.3

D
2.0

D
3.3

D
2-4

D
))

D
2.6

D
3.1

D
l_.1

D
2.0

D
1-.7

D
2.8

D
A)

D
a'>

D
1_ .3

D
2.6

D
i_.9

D
2.4

E
t_ .3

E
4.2

E
l_.6

E.)2

E
1, .6

E
4-0

E
5.3

E
4.2

E
2-0

E
4.2

E
5 .1-

E
r_ .3

E
2.8

E
2.4

E
1.5

E
1- .6

F
z.z

F
4.4

F
2 .1_

F
2-6

F
¿-4

F
2.0

F
r_.8

F
2.5

F
1-.8

F
I.4

F
3.0

F
J.O

F
2.4

.r

5.5

.r

2.1-

F
1_-B



Stimul-us
Class

Scoop
^-

Screwdriver
-_̂-

Slipper
^-

Spatula_
Ã-

Stapler_
Ã-

Strainer
Ã-

Thread _
^:

Tongs
^-

V'lhistle
x-

lVrench :._^-
Zipper _

^-

A
l_.8

A
1-.2

A
1_.5

A
1-.6

A
1-.1_

å
1.1-

A
1.0

A
L.9

A
1_.0

A
t.4

A
1_. 9

B
))

B
L.2

B
l_.8

B
1_.8

B
1.5

B
2.2

B
1.i_

B
L.4

B
t.6

B
2.3

B
2-7

C
2.2

C
4-6

C
3-7

C
1, .1

C
1-.5

C
1- .1-

C
1-.6

c
2.9

C
?o

C
2.8

C
t-4

n

2.1_

D
1_.8

D
2.5

D
1, .4

D
l_.8

D
1.1_

D
l_ .1_

D
1, .4

D
2.4

D
4.0

D
2.6

É-

2 .1-

E
L-7

E
2-5

E
2.0

E
))

-E,

10

E
l_.0

E
2.1

E
2.8

E
2.6

E
2.5

F
2.0

F
t- .5

F
a.)L-Z

F

F
l-.9

F
3.9

F
r_. 0

F
4.I

F
1-.5

F
4.3

F
1-.9

Stimulus Members
t_06

GH
1.6 2 .7

GH
1,.7 2.9

GH
1 .1_ 4.3

GH
1-.5 3.3

GH
2.2 3.5

GH
1_.6 2 "7

GH
l-.0 t-. i-

GH
2 -3 3.4

GH
1_.1_ 4.2

GH
l_.1_ 2.3

GH
t.t 1 .8



]-07

Appendix E

Group Rat.ing fnsLructions For Experiment 2

The inst.ructions used for determining the t.wo differentgroups f or each st.imul_us cl_ass were as follows:
on t.he table in front. of you are many different groups
of object.s. Each group is commonry referred to by tñe
same name. Thus, âs you can see there is a group
containing all hammers and another containing allkett.les and so forth. wit.hin each group theie are g
objects, some very similar to one anothèr, others quite
different.
For each group, r would like you to place them into oneof two categories, either 1 or 2, using simil-arity as abasis for caLegorizing them. An object placed in onecategory shourd ideally share many charact,eristics withthe other objects in that category and share fewer
characteristics wieh the object.s in the other category.
If you cannot. place an object into eit.her Category 1- or2, or you believe that. it does not belong t.o Lñat- group
of objects set iL aside. There is no set number oi
object.s that you should place in Category 1 or 2. Onceyou have placed the objects int.o a category please
write down on the sheet in front of you, uãdèr ttreappropriate category the lett.er than is printed on each
obj ect.

r woul-d J-ike you Lo remember that this is not a test.DifferenE people judge things in different. ways and
t.here are no right or rvvrong answers. T\^ro objécts thatare very simil-ar Lo one person may be quite d.ifferent.
Lo another. Both results are import.ant to me. T amint.erested in how you as an ind.ivid.ual rate these
obj ecLs .
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Appendix F

Forced Choice Rating fnstructions For Experiment 2

The inst.ruct.ions for t.he forced choice rating were as
follows:

On t.he tabl-e in front. of you are many different. groups
of object.s. Each group is commonly referred. to by the
same name. Thus, âs you can see t.here is a group
containing al-I hammers and anot.her containing all
kettles and so fort.h. Within each group there are B-1"4
objects, some very similar t.o one another, others quite
different.
For each group, I would l-ike you to place the objects
into one of two cat.egories, either 1- or 2, usingi
similarity as a basis for categorizing them. An object
placed in one category shoul-d idealty share many
characteristics with the ot.her object.s in that category
and share fewer characteristics with the objects in t.he
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 t.o 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 t.hat is
printed on each object.

I would like you t.o remember that. t.his is not a t.est.
Different people judge t.hings in different, ways and
t.here are no right or wrong answers . T\¡¡o obj ects that.
are very similar Lo one person may be quite different
t.o another. Both resul-t.s are important Lo me. I am
interested in how you as an individual rat.e t.hese
objects. Do you have any quest.ions?



APPENDTX G

Results of the Best. Example Ratings For Experiment 2

The results from the best example rat.ings were as foll_ows:

Stimulus Members

t_09

EI

3.8 3-3

FK

t.4 2.1,

KL
2.6 1_.8

HK

3"5 3"8

HK

1.3 l_.5

MN

1_.8 1-.1

KM

2.7 3.5

Exemplars

Badge

Beater

Bracelet

Brush

){=

Bowl

CandIe

Group 1

FB

1_"1 L.I

Group 2

H

L.4

A

1.8

E

2.0

c

2"5

B

1.8

C

L.2

F

1".2

,J

t_.5

C

3.7

T

3.7

A

2 .1-

F

1-.1_

B

1.5

B

1-.7

M

4.3

E

4.3

ï

2.2

D

1_. 0

A

t.2

C

L.2

ï

2.4

o

1_.7

L

r.4

J

1-.8

I

1 .1-

J

1".7

,J

3.9

G

1.6

I

l-. 6

G

3.8

G

L.4

E

1_ .8

L

3 .1_

D

3.7

D

2.6

J

2.0

A

3.7

F

1.3

A

2-3

C

3.0

Chain



Clothespin

CoffeepoL

Comb

Dustpan

K

1.0

F

L.7

E

1_ .3

A

Í = l-"3

B

1-"3

D

1.0

A

1_. 0

G

l_ .0

D

l-.5

S

2.0

B

1.6

L

l_ .3

C

1"5

,J

1-. B

G

2 .1-

N

l_ .3

E

1- .6

H

1.2

D

10

¡t

2.0

I

1-3

H

t"2

H

l_"5

B

1_"6

B

l-.6

B

1_-0

r

1_ .8

R

')^

G

1.9

K

l_-3

J

r-"3

I

1_"8

C

I"7

H

1" .4

T

3-2

\f

a^

N

1A

H

4.3

F

L.4

G

1_.5

D

'1, 
"7

I

5.3

'J

4.3

F

4.5

L

3.i_

E

4.4

c

4-4

G

L.4

B

2.0

A

1" .4

F

4.2

ï

3.9

c

5.2

E

3.5

t-1-0

OP
2.8 4.6

DI

3.9 3.8

HA

L.7 l_.3

ET
1_.5 L"4

EF

3.9 1-"5

JK

5.3 5.4

KL

5.1_ 4.3

DH

4.6 4.4

IM

3.3 3.2

Flashlight

X=

Frying Pan

Funnel

Hammer

Hanger



Helmet

=Ä-

Hook

Horn

Kettle

Ladel-

Lock

Masher

Necklace

C

l_ .1

E

1, .7

H

1.3

F

2.r

G

1.2

f\

2-r

D

2.2

B

1.6

G

l- .3

D

t-.1-

F

,)q

E

2.0

C

))

.J

1.1

H

2-3

I
.)tr

K

1-. 6

B

3 .1_

,J

2.I

B

3 .1_

C

2.0

A

l_ .3

B

r_ .0

H

3.5

J

2.0

I

3.0

G

1_ .0

A

L.6

I

1- .4

F

1_.0

A

1.8

E

G

3-.2

L

))

c

l- .1

c

2.5

C

l_ .8

E

4.2

J

L.4

E

1- .6

J

L.6

G

r"4

I

4.0

G

1- -9

H

3.8

C

J.J

o

2.6

H

3.8

A

1-.7

D

l_.9

ÉT

1--4

L

3.0

1- l_ t_

FK
4.6 1.5

LM

1.s 1--4

HL

4"L 3"3

FÏ

2.4 2.5

CE

2.9 4"0

H,l

1-.9 1.9

LM

2.4 2.2

LM

L.6 L.6

KG

2.9 2.0

I

1_ .3

D

1.5

Opener



Pitchrer I

x = L.6

A

L.2

G

1_ .9

G

L.4

B

L.2

F

1.8

B

L.2

B

1_.8

E

2.0

M

L-7

c

l_ .3

E

1, -7

ï

2"3

F

1_.8

E

2.1

F

l_.5

I

L-2

M

2.7

o

1.8

B

1.3

A

1_. 0

H

2"3

H

1_"1_

D

2.1

E

t-7

A

1_.5

ï

2-B

P

3.1

I

5.0

D

2.4

o

2"7

I

1- .3

ï

2.7

G

L.7

F

2.2

L

2.4

E

l_ .3

H

2 -1-

B

3.9

B

1.5

J

2"6

G

1-.6

J

3.5

E

2.5

D

1- .4

A

l- .1

F

2.4

F

4.6

L

L.7

A

2-3

A

2.0

M

4-2

c

3.7

C

1-.1

LL2

DH

1.3 r-.6

KL
4-0 4-1,

.fK

4.4 4.4

MN

2.5 2.7

GL

3.0 2-5

H,J

2.7 L.6

NO

2.7 2.7

H,J

4.3 1.6

GH

t-.5 3.3

Pl-iers

Purse

Ring

X=

Rul-er

Scoop

Screwdriver

SJ-ipper

Spatula



St.rainer

Stapler

Thread

Tongs

Whistl-e

Wrench

X=

X=

A

1_.1_

B

C

1_.0

H

1-.9

C

1.0

o

1-.1

J

r.4

E

1.9

H

t-.1_

D

L.4

J

1-.2

K

4.6

c

1.5

C

t_ .1

E

1_.1_

B

1"4

G

1_ .1

ï

1.5

K

1.0

G

1_ .6

I

1,.2

K

2.1"

ï

1_ .0

,J

2.0

G

))

I

2.8

A

l_.6

I

3.'7

D

2.4

H

2.3

E

2.2

.l

'))

J

t_. 9

F

4.t

A

2.9

c

2"8

1 t_3

FK
1q ))

KL

2 -4 2.3

LM

2.2 2.3

A.l

3"4 3"r-

OP

2.8 2 "9

FL

4.3 2.3
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Appendix H

Similarity Rating Instructions For Experíment. 2

The instructions used in Experiment 2 for rat.ing each
st.imulus member of a stimulus cl-ass. Each member was rated
t.o one of the training stimul-i using similarity as a basis
for rating them" The following instruct.ions 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, âs you can see there is a grroup
containing all hammers, another containing al-l- kettles
and so forth. Wit.hin each group there are B objects.

Each object within a group has been l-abelIed with
different. letters. I would like you to first locate
t,he object with the same letter as that found beside
t.he object name on your data sheet (the target object) .
I would then like you t.o st.udy for a moment the
remaining 7 objects in rel-ation to the target object.
After st.udying them I would like you to rate the
objects with t.he remaining letters, one at a time, in
relation to the target object using similaritv as a
basis for rating t.hem. 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 simil-ar
to the target object of that group you should mark the
first point on t.he scale above t.he descriptor labelled
"Very Similar". ff you find that an object. is
completely differenl from the target object you should
mark t.he seventh point on the scale above the
descriptor labelled "CompleLe1y Different". If you
find that the object. fal-l-s somewhere between these two
end points you should mark off the space that best
represents how similar t.hat. objecL is to the target
obj ect. .

I wou1d like you t.o remember that t.his is not a Lest.
DifferenL people judge things in different ways and
there are no right. or wrong answers . T\,uo obj ects that
are very similar t.o one person may be quite different
Lo another. Both resul-ts are important. Lo me. f am
interested in how you as an individual- rate these
obj ect.s .
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Appendix I

Shape Rating InstrucLions For Experiment. 2

The inst.rucLions used in Experiment 2 for rating each
stimul-us member of a st.imulus class. Each member was rated
to one of the training stimul-i using shape as a basis for
rating them. The following inst.ructions 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, âs you can see there is a group
containing a1J- hammers, anoLher conLaining all kettles
and so forth. WiLhin each group there are B objects.

Each object within a group has been label-l-ed with
different letters. I would like you to first locate
the object with the same lett.er as that found beside
t,he objecL name on your data sheet (the t.arget. object.) "I would then like you t.o study for a moment the
remaining 7 object.s in relation to the target object"
After studying them I would l-ike you to rate the
objects with the remaining lett.ers, one at a time, in
relat,ion to t.he target object using shape as a basis
for rating them. You are Lo 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 t.hat. group you should
mark the first point on the scale above the descriptor
labelled "Very Simil-ar". If you find that an object is
completely different in shape from the t.arget object
you should mark the sevent.h point on t.he scal-e above
the descriptor labell-ed "CompleLe1y Different.n. ff you
find that the object. falls somewhere between t.hese t.wo
end poinLs you should mark off t.he space that best
represents how simil-ar in shape t.hat object is to the
target object.

I would like you t.o remember thab this is not a Lest.
Different people judge things in different. \^/ays and
there are no right or wrong answers . T!,/o obj ects that
are very simil-ar in shape bo one person may be quite
different to anot.her. Bot.h resu1ts are important. to
me. I am interest.ed in how you as an individual raLe
t.hese obj ects .
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Appendix ,J

The Results of the Similarity (SIM) and Shape (SH)

Ratings For Experiment 2

The data for t.he simil-arity and shape ratings are presented

as the mean rat,ing. Each letter indicat.es a traj-ning or testing
stimulus. The blank spaces indicate the potential training
object that was rated in relation t.o t,he remaining seven objects.

OnIy the dat.a for the stimulus classes that \¡/ere t.rained are

present.ed 
"

St,imulus
Members

Badge SIM SH SfM SH SrM SH

Group 1

H

F

B

C

Group 2

J

D

E

I

2.7 2.3" 6.2 s.0

2.7 2.7 6.8 5 .5

2.2 2.2 2.5 2.L 6.2 5.2

1_.6 2 .t 2 .8 2 .2 6.3 5.6

5.4 4.9 5.5 5.4

5.9 6.0 6.3 6.6 2.9 3.9

5.6 5.6 6.0 6.5 2.9 3.4

5.7 6.L 6.1 5.6 3 .2 4.6



LI7
St.imulus
Members

BeaLer

Group I

A

.T

B

I

Group 2

b

D

F

K

E

c

M

o

Group 2

ï

J

K

L

Bracelet SIM

Group 1-

STM SH SIM SH SIM SH

2.6 2.8

))

I.7

3.3

3.7

4.6

3.2

3.4

?.)

3.2

1-.8

2.7

2.0

??

4.0

4.4

3.9

3.8

2.0

3"6

1_ .8

3.2

4.0

4.3

4.t
4.6

3.7
'2, L

s.9

6.2

6.5

5.9

SH SIM SH STM SH

4.0 4.0

4.0

3.7

2-4

5.1

5.4

5.0

3.9

5.1

3.4

4.2

3.7

3.8

5.3

6 .1-

5.9

6 .1-

4 -B 4.0

4.8 4.2

4.6 3.4

5.6 4.2

3 "7 3.2

r.4 1-.3

4.0 4.1

s.6 5.3

6.3 4.8

6.7 5. l-

4.7 4.9

2.8 3.0

3 .8 4.3

3.3 2-3

4.9

5.2

4.9

5 .1_
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Stimulus
Members

Chain

Group 1

B

E

c

H

Group 2

L

G

I

K

SIM SH SIM SH SIM SH

,)2 3.0

Clothespin SIM

Group 1-

K

S

D

R

Group 2

N

E

o

P

3. l_ 2.7

1_. B 1_.8

3.1 2.2

4.0 5.6

5.2 5.2

4.t 4.4

4.3 6 -2

?t

3.5

1_ .8

4.3

5.3

4.7

5.3

2.4

3.0

r- .3

4.4

4.4

3.7

5.0

1-.7

3.0

5.6

5.6

5.3

5.9

2.3

l_.1_

4.3

4.7

4.2

5-2

2.0

3.5

6.0

5.8

5.6

6.r_

SIM SH STM SH

3.4 2,)

5.9 4-7

6.1 s.3

6.6 5.5

6.0 4.5

3.9 3.5

2.5 2 -9

2.6 3.1_

6.l- 4.8

5.2 4.4

4.7 4.2

5.1_ 4.4

3.1 3.4

2.5 2.L

3.7 3.5

2.5

1.0

5-4

5.6

5.3

s.9



L79Stimul-us
Members

Coffeepot SIM

Group l-

SH SÏM STM SH

s. 9 4.5

5.4 5.3

6.2 4.3

6.2 4.6

3.3 3.6

3.7 3.5

3.1- 3.6

6.0 4.2

5 .7 4.5

5.5 4.3

5.8 5.2

2.0 2.2

3.6 3.3

l_.8 1_.5

SH

B

F

A

G

Group 2

H

C

D

I

Dustpan

Group 1-

A

C

H

J

Group 2

G

B

E

I

2.5 J./

2.5

2.3

3.9

s.6

5.4

5.8

6.2

2.8

2.1_

3-7

l- .5
,.)r
â-J

5.9

6.6

4.9

6.4

1- .4

3.4

5.7

6.3

5.5

6.2

5.4

5.7

5.3

5.5

SIM SH STM SH SIM SH

1_ .3 1-.8

1- .6

1.3

3.0

4.6

4.7

5.2

4.3

7-4

1.3

2.9

3.6

3.4

4-9

3-9

7.2

2-8

5 .1-

4.7

5.4

5.0

1.7

2"5

5.1

5.1_

6.2

4.8



l.20St.imulus
Members

Funnel

Group 1

¿\

N

B

H

Group 2

.f

I

K

L

Hel-met

Group 1-

c

H

G

.T

Group 2

I

B

F

K

SIM SH STM SH SIM SH

3-2 ?o

3 .1_

1.6

2.8

5.7

s.9

6.4

5.6

3.2

1.8

))

6.4

6.2

6.4

6.2

2.6

3.5

5.2

5.4

5.7

5.0

2.7

3.7

6.0

6.1

6.4

6.1

5.9 4.8

6.2 5.0

6.3 s.3

5.6 5 .0

2.6 2.9

3.2 2.5

1.4 L.3

6.6 5.2

6 .2 4.8

6.5 s.6

6.5 5.9

4.3 3 .8

4.1 3.0

3.s 3.1-

SIM SH STM SH STM SH

4.1_ 4.1"

4.L

3.8

2.0

5.4

6.4

6.2

tr2

3.6

3 .1_

2.0

5.9

6.0

6.1_

5.0

3.7

5 .1-

5 .1_

6.2

5.9

4.9

3.6

4.0

6.0

6.4

6.3

5.6



1-2!St.imulus
Members

Hook

Group 1

F

E

A

H

Group 2

,J

K

L

M

Kettle

Group 1

A

G

B

E

Group 2

D

C

F

I

STM SH SIM SH SIM SH

2.4 ,)tr

2.5

2.5

1--9

4.8

5.1

4.8

6.0

2.8

2.2

5.2

5.4

5.6

6.7

2.4

3.4

6.t
6.0

5.8

6.5

3.0

3.0

6.3

6.6

5.9

6.9

5.3 5.3

6.2 5.3

6.3 5.6

5.7 4.8

3.0 1,.6

2.5 l-.9

s.6 4-3

5.0 4.8

4.5 5.0

5.0 4.7

5.4 5.2

3.3 2.6

2.3 3. l-

2.4 1.8

SIM SH STM SH SIM SH

2.6 2.7

2.6

2.L

2.8

4.5

4.L

4.5

¿, '7

2.8

2.2

3 .1_

5.1

4.9

5.8

5.8

3.7

1,.g

5.8

5.8

6.0

5.6

3.7

2.6

5.8

5.5

6.4

b.1



Stimul-us
Members

Ladel

Group 1

L

I

G

,f

Group 2

H

A

C

E

122

STM SH SIM SH STM SH

)) 2.9

Lock

Group L

F

c

D

G

Group 2

A

B

H

J

3 .1- 2.7

3.7 3.8

t.6 2.0

5.9 6.0

4.6 2.0

6.6 5.4

5.8 6.0

1. i_ L.7

3.4 2.9

6.t 6.4

5.3 4.9

6.L 6.4

6.2 6.2

5.s 4-6

6.0 4.7

5.1 4.9

6.4 4.9

4.6 3.3

2.9 3 .5

1.5 l_.1_

5 .8 s.3

6.4 5.6

6.0 5.4

5.9 5.s

3.6 3.2

3.5 2.8

L.4 1.1-

2.4

2.4

?o

5.6

Lq

5.5

5"4

2.7

3.2

3.4

2.8

1.9

5.8

5. i_

s.6

5.9

3.3

2-7

5.s

5.1

o.J

5.2

3.7

5.0

5.2

3.7

STM SH STM SH STM SH

3 .2 3.1"



L23
Stimul-us
Members

Masher

Group 1

A

C

F

I

Group 2

D

H

L

M

Opener

Group 1-

D

E

C

H

Group 2

L

ï

G

K

SIM SH SIM SH SIM SH

1_ .9 2.4

))

3.5

3.6

s.6

s.0

5.6

5.6

4.1_

3.2

3.8

5.1

4.9

5.0

5-1

l--6

3.0

5.4

5.2

5.4

5.4

4.8

4.3

4.9

5 .1_

5.3

5.2
qt

2.1

3-7

5.2

6"0

5.5

5.5

4.1

3.4

s.9

6.0

o.J

5.6

3.6

4.5

5.5

5.9

5.4

5.1_

4.4

4.3

6.L

6.4

6.4

6.5

STM SH STM SH SIM SH

3.7 5.6

5.5 4.8

5.5 5.5

4.6 5.3

6.1_ s-s

4.0 4.4

2.7 1,-6

2.0 L.2

5.5 4 .7

6.6 5.7

s.3 5.0

6.L 5.1_

3.7 2.5

I.4 l_.l-

3.9 2.9
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Stimulus
Members

Pitcher

Group l-

I

M

o

P

Group 2

E

A

D

H

SIM SH SIM SH SIM SH

1 .1_ 1--0

1a
L.L

2.8

4.8

5.2

5.3

6.0

4.9

1-.1_

2.6

5"6

4.9

5.0

6. t-

s.6

l_ .3

1_ .3

2.4

4.9

4.4

5.2

5.6

2.5

4.8

4.8

4"9

5.8

5.3

1.8

ll 2

5.2

5.4

6.2

6 .1-

2.8

6"4

5.4

5.1-

6.4

6"2

1_.8

2.7

5.5

5.7

6.3

6.2

5.8 5"1-

5.7 5"0

6.L 5"1

6.3 5 "7

1_.3 1.5

3.8 3.8

4.t 3.7

4-9 4"9
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