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ABSTRACT

~4
*

This study investigated differences in acquisitioniind transfer.
of magchlpg and amatching in budgerigars. A second purpése was to test

/

for associative symmetry In th¢ transfer of an amatching problem.

” .

No significant differences between matching and amatching were
obtained 1n the acquisltioﬁ of the first éroblem. An 1ncreq¢€ﬁin pre-
solution accuracy fof the second matching pro%lém over the level 1n the
first problem, and not for the second amatching problem, was the major
difference betwe;n the two tasks found in this study. Both groups

showed a significant increase of initial bOlOf preferences 1in presolution

responding; comparing the second problem to the first.

The principle of associative symmetry was st%ongly supported by
the transfer data for amatching. Only slight negative tranafE£ resulted
;from a reversal of carrect and incorrect comparison values for a
second amatching group. ! \7 ‘

Aﬁ exféﬂded ?oéing hypothesié was proposed, incorporating central
associative explanations in the original C53§ﬁg hypothesis. The coding
hypothesis accurately prfedicted the acquisition results and the central
associative explanations accounted for the positi;e transfer‘re;ults

obtained. The extended coding hypothesis accounted for both acquisition

and transfer results.

. Budgerigars performed matching and amatching tasks at speeds and
’

accur;cy levels comparable to those reported glsewh;re’?br chimpanzees,

rhesép\ponkeys énd:pigeons.
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. INTRODUCTION
The purpose of this study was to investigate possible differences
fn acquisition and transfer of matching and amatching in bmdgerié‘a.rS.
1 -

A second purpose was to test for the presence of associative symmetry in

transfer of amatching.
Differences In acquisitfon of matching and amatching

Dif ferences between matching and amatching can be described

operat.ionally, behavioral ly, and concept ually.

At the operational level, matching ts a pr(‘wvdurv emp loylng a
standard stimulus, 8T, and 1710 oOr more (:()lh‘)iifiS()ll ﬁ(fﬂl\lli, €£0s, only
one of which is iﬁentiﬁal to the standard. The experimental subject is
required to respond first to the standard and then to choose the identical
CO as the corréct ﬁesponse. Amat;hlng employs COs that are different

from the standard and requires the subject to choose the €O arbi:rarily

chosen by the experlmenter to be palired consistently with a certain ST.~

Nonmatching or oddity is similar In format *.. the matching desigun,

. L \ ,
except that the subject must CQOOSE the CO that is different from the ST
A4s a correct response. A : r

Behavioral differences in matching and apatching acquisition have

been reported in several stg}{ks but the findings have been contradictory,

f

Tinsburg’ (1955) compaféd the behavior giwpigeons on matching, amatching

and oddity tasks. He'found that oddity was considerably easier for his
- ’ . s

¥

subjects than were the other two tasks. Amatching tended to be of inter-
mediate and matching of greatest level of diffigul;y,Jalthough the differ-

ences between amatching and matching were not significant. The easier

Y

solution of the oddiq& problem was-similar to the findings of Bitterman

f



.and Wodinsky (1953) for rats, and contrary to the findings of Skinner
r -
(1950) that for'pigeons matching and oddity behavior did not differ e
+ e
in ease of acquisitjon. Cumming and Berryman (1965) allso present
( ~ !
contrary evidence which :shf)w&. that while dll’h’i[‘(‘hiing was indeed inter™>

Ny By

L,
mediate In difficulty fgr plgeon subjlects, 1u their study matching was

acquired faster and oddity behavior improved at the slowest rate. ‘Their:

Ss dnitially responded 21most exc lusively with posltion pr'cf.en:m‘cs
in a matching task. As this control weakened, Vsome: color preferences
we?e briefly displayed, then the hue of the ST stimulus galned control.
Mal((‘hing cont tnued to fmprove to a necar pe*rfur(‘ level (Cuamming anﬁ
B(Arryrﬁan, 1961). ,_Arquisl‘(igm of oddity responding for four ot six
pigeons began st a “-igh level but Improved very slowly., Flve of the
six Ss showed lower pOSiti@ﬁ preferences than had those in matching,

e »
reduction of yhich were not correlated with the emergence of the
correct behaviior (Cumming and Berrymén, 1965) . Overél] accuracy
of amatching at ;arisus stages 1n learning for pigeons appeared to be
intermediate between those fcrlmatching and odd#ity and the Sa exiibited
slightly greater tendencies for position habits thén d{d those 1ﬁ,
oddity but not up to the level of those in ma;ﬁhiﬁg (Cumming and

=
1

a I
Berryman, 1965). The differences for amatch#ng may have been due to
' \

oddity type triéls in the sequence. H;WéVér, since neither thése trials
nor EEOSe in which all three stimuli were di%ferent w;ré responded to

as the subjects did to matching tééks; the eiperimenters concluded

that matching and amatching may be-inﬁgrently different (Eumhing and
Berrymagk 1965). Meltzer, Maxey aﬁd Merkler (1966) reported asy.up-
totic acéuracy to be the same for sequentig{ matehing and amatchtﬁg

problems for squirrel monkeys. A sequfntia or adjustable comparisouns



=

teghnique Lambf§km Slmultaneous ST and one. CQ prcaeﬂtatiOn the subject’

=

responds to runsecutlvely Lhdnge COs until a choice responsé is made to

’

terminate the trial. Becaﬁsegﬁf the findings by Meltzer Maxey and
Merkler (1966) that overstep-tMal ratios (the number of times per trial

that the subject changes the available CO before maklng his'cholce) and
-

L

right-key responses were higher for amatching and that the diffag'nces

\
~

d1d not disappear when accuracy levels were equivalent fog the two tasks,

-

tha aMthors suggested the possibility that there Is a qualitative d1f~

ference between the profilems. » A

According to Cumming and Berryman (1965) certain hypotlieses,

- such as position preferences, may yleld fastérﬂieétning than others

- ‘.

and may help to explain diffcrences 1n matching and oddity by the kinds

of hypotheses each task produces. They used To;man and Kreshevsky s
¢

définition (1933) of hypotheses as thEQnames glven to observed relations

between stimuli and responses and having these characteristics;. -
. i R L -

systematic, selectivé:and,self*ihifidtéd. Tn siﬁultaneous matching

aﬁhmst complete position preferences (exclusive cholce of one CO pO*

sition) were observgd (Cumming and Berryman, 1965). PigEOﬂSi§WitChéd
.o 7 ' ‘v . o
from zero~delay (ST offset at CO onset) tp simultaneous (ST on in the

presence of the COs) tasks showed an abrupt shift to complete position

prefenences from partial preferences (Cumming and Berryman, i&ﬁS) In

#

"fo hmatching,,acquisition did indeed‘proceed more rapidly when -2
trong position preference was evhdent (Cumming and Berryﬁhn, 1965).
Color preferences Might hamper acquisition by ‘continual failure to

reward the nonpreferred color and py maintazéing respodding to the bri-'

yerféd color with partial reinforcement of &)1E¥%ent.
. 1 > ,

At é'conceﬁkual 1e&el, mechanisms that have been raposed to



' 4
.
|

account for?matching behavior yléld varying predictions for differences
In acquisftion of matching and amatching. Central association expla-
natlons predict faster acquisition of matching than amatching because

ar ~ + [ '
of ST-CO similarity. The "abstract generalfzation mechanism' assumes
that the abstract relationships of l11keness and of dif{erénce may func-

tion as cues (Nissen, Blum and Blum, 1948, p.73)." 7This mechanism ex-

b}

ied the acquisition of matching behavior as association of approach

——

pla

to likeness and avoidance of difference. Kohler ?ﬂt,ed that: .. .,both
) i
proximity and simllarity of ftems favor their organization in a unitary

experdience (1941, p.ﬂ?j)A" Whatever favors organization in his view,

al sq favors asséclatlon;ﬂﬁa‘recalln According to Ginsburg (1955)

central association mechanisms could account for problem solutions in
matching and amatching and with ap analysis of the correction method of

responding used 1in his study might also account for obtained differences

in the rate of learning. The crucial assumption for matching and

, amatching in these viéWpéiﬁts As the importance placed on siﬁilarity of ”

stimulus characteristics,

o ® 4

The total stimulus cb%figuration may bJ controlling responding
in a pagticular direction 1in matching tasks (Gulliksen and Wolfle, 1938).
TheiécﬁgiguratiOﬂ explanation states that the diffjiculty of the problem

is ihvérsely related to the distance between the twoﬁconfigurétions:

"Distance is defined as complexity of the discriminations to be ‘made

i

B , ) + . .
between stimull. In matching the ST-CO pair.of stimuli comprise a

®

configuratfon in which the color is identical and the size is h@rger

than the size of the CO', 1Ip amatching three colors must be discrimi-

naéed and size 1s not available a cue, making the ¢configuraticas more

difficylt fp discriminate than in matching. © This explanation would

)



——

predict greater difficulty fn acquisition of amatching. The resulrs

s

from a study of acquisition and maintenawe of matching withoup a re-
qulred response to the ST and with simultaneous S5T-CO onset suggested
that a unitary stimulus explanation was difficult to appiy to matching
(Kckerman, Lanson and Cumming, 1968). Acquisition and aQiizify were

both decreased even though a correct. CO résponse was to the larger of

.«

the two stimulus conflgurations as 1n other matching experfiments. The
Importance of temporal sequencing and/or requiring an ST response were

seen by the experimenters as stronger evidence for a medlational expla~
[ . , ’
natlon of matching than a configuration exﬁlani{ion.

4 = . ¥

A

: '
A medlational model of stimulas . control of matching behavior was

proposed by Cumming, Berryman and Coheh (1965). The mediating event

that occurs between the presentation of the ST and a final choice re-—

sponserto a CO 1s a coding response, The "coding hypothesis” states
% A

that the subject "...learns to make an appropriate coding response (rx)

in the presence of a particular standard stimulus (STX?* In the presence

(o]

of ©_, the two comparison stimuli (COi and Oy) are ﬁreséntéd, The

' /COPR 13 retnforced, vhiiéEST;ﬁr /CO#R s extinguished
x 2 . , '

x!
(.ﬂ.rx/CG +»+ denotes simultaneous presence.,..) (Cumming, Berryman and

>

p-437)." Coding responses are acquired to each ST and
responses to the COs are reinforced or extinguished to‘eachrceding

' ' 7
response, The coding hypothesis explains both matching and amatching

but makes.no predictions of differences in acquisition without an addi-
tional assumption that coding responses and comparison stimuli are

assoclated more or less eésily if they are similar.
§ .

Matching and amatching acquisition have been found to differ in
7 ) 1 . ® }
thaifollowing: ,speéd of acquisition, overall accuracy, and amount of



presolutfon position habits in simultaneous probleﬁ%, and overstep-
:-‘ , j’ﬂ%“
trial ratios and right-key responses to sequential problems ™. Dif-
\\ . 4

.
ferent use of hypotheses, such as position preferences, in matching

would lead to faster acquisition than for amatching. Ceotral asso-
clation and stimulus contiguration explanations p}vdivt faster acqui-
sition for matchlqg because of ST=CO+ similarity, while the coding
hypothesis predicts no difference In speed of acquisition. The first
goal of this study was to further explore differenges in matching and
amatching a%quisltinn, since some fipdings of differences have been
contradictory and explanations of acquisition of these tasks yield
different preﬂlctlons*

Differences fin transfer of matching and amatching

-

Compaiisﬁns of these two tasks in transfer to a second problem
have not been reported., Data for transfer of sfimultaneous matehing to
a second task show that chimpanzees and rhesus monkeys respopd with
high accuracy on first exposures to matching novel stimuli (Welpsteidn,
1941; Nissen, Blum and Blum, 1948), 7The results with plgeons are less

clearcut, One study répﬁftdﬁhigh accuracy on the flrst exposure to a

U

5

second matching task for one subject and considerable savings in reach-

ing criterion for others (Gimsburg, 1955), Cumming and Berryman (1961)

report there was no generalization to the novel stimulus or evidence

of the formation of a "matching” concept the first day of generalizatlo

y

testing. The appearance of improvement on the second day of testing
was attributed to the requirement of having to learn correct responses

to one new ST being easier than the first problem. They also reg gt

n

(1965) that stimulus cthanges to test for transfer of matching and oddity

wore initfally responded to bv a reversion to presolution methods of



resporrding. Cumming, Berryman and Cohen (1956)-used a zero~delay task

to si@dy transfer of matching and reported that responding to the new

ST was well bélow~dh§nce inittally, showing negative rather than positi-
! 1

transfer of matchidg. Another experiment with the zero-delay technique

demonstrated considerable negative transfer to the fourth of the four

possible stimulm§ confiigurations in a two-cholice matching task after

»

acﬁuisition Uf‘wthEAQfﬂghe configurations, indicating that responding
I .

fn the first task waé’épécif!c to the stimull employed and that a
ta

general "matchingﬁihOﬁCept had not been learned (Kamil and-Sacks, 1972).
. 4 .

No results have beén reported for transfer to a second amatching task,

Configuration and central assoclation explanations of matching
and -amatching behavior would predict greater transfer of matching than
amatching: the former because the cue of size of stimull could have

been the basis: for solution in the first task and this property would

still apply to the second siguatiOﬁ and the lattenr because of the asc

sumption that similarity of stimulus characteristics favors solution.
The coding hypothesis would not necessarily predict differences ins

transfer between the two tasks since in each instance two new coding
l =

[+1]

7
/

/
/

responses must be acquired to solve the second task. Any differential

‘predictions from the coding hypothesis would be based on assumptions /

as to which coding responses would be substituted until éOfTéCtVCCdiﬂg
responses were acquired to new STs. The problem with making these

predictions is the determination of differential coding response
N

strengths before the transfer task. Hypotheses, such as position pref-
!

erences, might be expected to continue to favor matching in speed of

acquisition of the second task.
. . 5

Matching behavior may or may not show positive tramsfer de-



pending on the transfer measure and on the specles. Data on amatching
transfer to a second task is not available. Explanations which dif-
ferentially favor one task in transfer suggest that matching should

Ahow‘greater transfer because of factors like stimulus simi{larity, size
of stimulus conf;guration or methods of presolution responding. This
study was designéd to compare the transfer of matching and amatching to
4 second problem since this had not been reported and data on matchlng

1

transfer show va?iable results.
Assoclative symmetry in amatchipg

An addi}ionai purpose of thl? study was to Lﬁgl for the brvsvnu;
of assoclative symmetry 1n budgerigars. Asch and Ebenholtz's principle
of assoclative symmetry states that "Wh;ﬁ an association is formed
between two distinct terms, a and b, itzisies(ablished simul taneously
and with equal strength between b and g((1§62, p-136)." The principle

contains three assertions: i}rst, that a unidirectional or asymmetrical

®
i

associétion cannot bé'éstéyrlshéd between distinct terms, seiondly that
assoclative symmetry 1is ﬁ;t dependent on the iearnér's Iintention or
effort, and thirdly that the relation holds for individual associations.
Assoclation and:dire§tion are two distincc procesées. When forward and
backward assoclations are established, they are equal in strength but
may vary in availability, defined as a condition of the recall process
distinct from the association process. AJJil;%fTity is ease of recall

and is related to the subjects' previous opportunities to respond.

7 Rhe experiments by Asch-and Ebenholtz (1962) to test the prin-
ciple yielded several conclusions. Stationary, s{multéneously presented
pairs of visual forms with near equal availability were responded to

i
by human subjects without favoring direction. With the standard antici~



-

pation method of verbal paired associate learning, the pair members were

/™ .
unequally avatlable, backward association was muth weaker than forward,

N

and these two were directly related. By equalizing item availability,

differences between forward and backward associations were eliminated.

This principle has been researched considerably in Yumans €nd 1s gen-

LS

erally supported (Ekstrand, 1966). One study with human Qub]ects equated
availability of the stimulus pair members by usidg simultaneous presen-

= *
tation and by pairing pumerals and colors which were both decmed higlﬂy

avallable stimull. Symmetry of forward and hackudéd associat fons was

demonstrated by the lack of differences in ertors for the ditect fons

b .
(Hoats and Cerjuoy, 1966). é

Gray (1966) conducted a test of the Asch-Ebenholtz principle

using a zero-delay situation. By requiring resgonses first to the ST
then to the CO+ stimulus, he concluded that "availability"” was FQU;I*
i;ed and that this would_ dccount for his finHing that forwa;d associa~
tions were ?ﬂt significantly stronger than backward associations,

Three pigeons were trained to a criterion of' 75% correct for two con~

f 28 un-

Ui

a

/o]
e/}
e}

utive gsessions of 56 trials and then given three tests
reinforced trials for backward, forward and then backward associations.

Two subjects showed significant backward associations. -

Tﬁe”present study aimed to extend therindiﬁg% on a§§0ciative
symmetry in huﬁaﬁs and pigeons to the budgerigars. In the present
study ‘the simultaneous technique should more nearly‘equate availability
than in Gray's zero-delay task (Asch and Ebenholtz, 1962). A higher
accuracy is usually found in simultaneous than zero-delay matchiig tasks

(Cumming and Berryman, 1965){§Pd this should facilitate testing for the

g ‘
presence of symmetry by reducing error influences. A savings technique

«



10

of testing for symmetry avoids any influences that extinction processes

may have on acchacy during the test period. The present study also
4

employs a larger group of subjects, a different species, a linear

rather than triangular stimulus array, and different combinations of
o+ : ’ A Lo

ST-CO pairs. In this study if animals continue criterion level re-

sponding when the stimulus positions are reversedt so that former S5Ts

|
become tOS, this would support the principle of associative symmetry,

Matching and amatching ipn budgies
The final goal of the present study was to extend the application

of the designs of matching and amatching to a new specles, the budgerigar:

At

(Melopsittacus undulatus). Brockway has published several studles on

the biology and natural behaviors of budgerigars (1962, 1964a, 1964b,

1965 and 1967). Recenfiy, psychological studies have been conducted
~with budgerigars conditioning vocal responses (Ginsburg, 1960), demon-
strating thé oceurrEﬂCé of obsérvacicnal learning (Dawson and Foss,
1965), studying the préféféﬁéé for mirror-image étiﬁulation (Célluﬁ and
Capper, 1970), measuring flicker thresholds (Cinsburg and Nf]ssan, 1971)

and studying discrimination and maze behavior (Cogan, Inmam andrCambrel,

1971). ' :

Species differences in matching and amatching are apparent in
: [
comparing several investigations of these tasks. £Lhildren showed greater

transfer of matching on generélization tests than did rhesus monkeys .
(Weinstein, 1941). Chimpanzees learned matching f.aster.than rhesus

monkeys (Nissen, Blum and Blum, 1948). Intra-dimensional transfer
occurred more readily in rhesus monkeys (qéckson and Pegram; 1970) tham?

)

‘
in pigeons (Ginsburg, 1955, Cumming, Berryman and Cohen, 1965; Cohcu,

1969). Generalized matching was demonstrated with chimpaniees (Nissen,
: . N

Wy
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'amatching tasks. The first stage was destghed to compdre possible

Blum and Blum, 1948) and with rhesus monkeysl(Mishkln, Prockop and
Rosvold, 1962). Pigeons successfully acquired matching behavior withﬂ
an adjustable comparisons method of stimulus presentation (Cohen,

1969) but sequential matching and amatching problems were only acquir;d
by squirrel gonkeys when fading techniques of pPresentation n§?§rhmxli
were used (ﬁeltzer, Maxey and Merkler, 1966). The importangejof the CO

may be different for some primates and for élgeons (Harlow, 1951;

Ferster and Hammer, 1966; Malott, Malott and Svinicki{, 1567).

Budgerigars were chosen for the present study to compare with
\ B
m&tihinﬁ and amatching data ineplgeons. The brain of the budgerigar is
IR '

more evolved than that of the pigeon with larger cerebral indices for

the areas of the cerebellum and the hemispheres. The cerebral Index

utilizes a basic unit, the '",, _mass of the brain stem rest of a galli-

o]

naceous bird of a given body weight,”" and fhén relative mass develop~
ment for brain parts is obtained in relation to this unic (Marshall,

1961, p.34). The purpose of utilizing different species is to extend
the generality of findings in acquisition and transfer af matching «nd

amatching tasks, since some species differences qué previously been

noted.

Design of the study , -

The present study employed two stages of learning matching ar
* ?‘.-

{

acquisition differences in the two tasks. In the second stage, new
stimuli were given to the matching Ss and to the amatching control $s

to ’study the effects of Iearniﬁg a'second ptoblem;for which associations
’ .

learned previously had no bearing on the solution. A second amatching
]

oy

<

{
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BIroup experfenced a reversal of stimulus roles in which ST were now COs
and vice versa. For this Broup, if the associations learned In stage
one were equidirectional then Ss would show high positive Lransfer 1n
the second stage and this would support the principle of associative
symmetry. A third amatching BToup experienced Stimulus role reversal

in the sergﬂd stage and also a reversal of correct and fncorrect ¢os

for each ATA For this Broup, the associatlons learned {n rhe firse

stage might . be expected to {nterfere with second stage performance .

The configuration and fentral assoctation explanations sugpest
- . Y

that matching should be acquired faster and should show greater Iransfer

than amatohing. The coding hypothesis would predict no dlffﬁfencvs in \\\
~ (y

acquisition and transfer of matching and amarfhiﬁg: A central assocla—

tion explanatipn would predfct a finding of associative Symmetry and
negative transfer of amatching since tHZ‘h557éiariéns learned in the

. — |

" firsc stage would control responding in the second stage, !



METHOD

Subjects .

Twenty-efight male budgerig;{s, Melopsittacus undulatus, served

.
~

as subjects.. The Ss were approximakgly two to three months of age when
obtalned from local pet stores. They were maintained 1n individual
cages with free access to gravel, water and cduttlebone., After free—
feeding welght was established on Hartz Mountain budgie seeds, gré%gil
food déprlvakién was Introduced, reducing access to food %£§several
hours each day until food was availéble for approximasely ;5 minutes
daily. This resulted in body weight maintenance atpabout 807 of free-
feeding welght. A twenty-ninth subject failed to display any progress

in amatching and was discontinued after one thousand trials.

;
Apparatus

The stimulus panel contained three one-half inch diameter, cir-

éﬁter to
1 , w0 :
center and arranged horizontally above an automatic feedifigoeup. *Durr-
Co . Y a
. E s JPREEN
8 the subject's home cage was placed in front OﬁifhE¢aB§;?Efus.
) 7 ) oY

&

aular Plexiglas w1?d§vs one and one-half inches apart from

3 : e A nm
Opeﬁgﬁg the cage door allowed access to the stimulus panel agdgfgeder.
i . & A

. . P
When a response key was operative, it was illuminj;ed from the rear
< e

§ [

with light passed tgrough a colored plastic filéer. ' Prior to each
trial, switches on the control panel were set to determihe the colored
stimulus for eactbkey. At the beginning of a trial only the center
key was.illuminated with an ST stimulus. A response fo the center key
turned on the two side keys with two.CO stimuli aﬁd_fhe center key
remained 111um1n§ted. The response to the center kéy rendered its pen

13
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Inoperative until the next trial. A response to a side key whether
correct or iIncorrect, terminated the trial, darkened the keys, and
advanced ghe apparatus to the next trial in the sequence, Correct
Yesponses were rei?forced by thrée seconds access to the feeder cup

tontaining Hartz Mountain'budgle seeds. " Fach trial was followednby a

mean variable intertrial idterval of 15 seconds.
PrOOedure

Pretraining began wlth thelfﬂm11£arization to the appearance of
‘ \
the apparatus and learning to feed from the feeder cup. Once feeding
behavior occurred rpgdily, preséw(atio§ and removal of the feeder with
Ehe motor was Introduced. By a successive approximations technique,
key pecking w;sﬁ;cquired to the center stimulus key, {lluminated by
. 1
white light. The final step in pretraining was the establishment of éj
response chafn of a peck to the center white key followed by a response
to one of the colored side keys, with the other side key remaining
daﬁkenéd. Two consecutive sessions (80 trials) of c¢drrect responding
to the chain were required before the matching or a&atching problems

were first presented.

The design of the experiment involved two stages of learning
and,six groupé of subjectsi Two groups, Ml and MZ’ feceived training
on simultaneous matching to sample with two colored stimuli in stage 1T
and then learned to match two dlfferent colors tn stage 11. Amatching
tasks were provided for the four remaining groups, A1 - AA’ usf;g four
colored stimuli in stage I. Inistage 1I, Al experienced the same. four'

stimuli with the same correct combinations but reversing the roles of

STs and COs. A2 had reversed roles of STs and COs as well as reversed



]
correct and 1nq£rrect values for each possible combination. Groups A3
1]
; .
and AA were given two new stimuli in place of the former 5Ts and the
. i
former STs %Ecame the new (COs. The same task was presented to all
ey . o

i [j
amatching groups in Stage II. The stimull for each group at each stage

are presented Iin Table 1.
e
Table 1. Design of the experiment.

GCroups . Stages

" e
=z
i
v
—
—
~

My 3 R-R G B-B
6-G R Y-Y B
M, 3 B~B Y R-R G
Y-Y B G-C R
A 6 B-R Y R-B G
Y-C B C-Y R
; A, 6 B-C Y R-B G
, Y-R B C-Y R

&
o
<
o

<
o
=
<y

M ~ matching, A - amatching, R - red, G - green,
. B ~ blue, Y - yellow, ¥ '~ violet, O - orange.
' STs are represented in the center of the cells.
. Correct COs appear-to the left and 1ncorrect COs
! =ppear to the right.

2

Tﬁe matching groups, Ml and M_, receéived reversed orders of
stimuli for stages I and II f% order to control for possible pcqui:ﬂ//

sition differences for different colors. Only three gﬁ/were used in

each group since no differences were predicted from order of stii.ulid

§)
and the groups,would later be combined into one matching gr0up, M.
£ ',

For amatching groups, A3 and AA,‘nO differences in acquisition were

]

i
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predicted for the different correct stimulus pairs in stage 1. They

would be combined into a-single groug, A", to compare with M to look
X e

o) )

for general differences fn matching and amatching in learning a second

task in which assoctations learned in the first task would not yi‘!?
. <

solutions. A, would also serve as a control grolp to separate the
¢ ,

effects of learning a second amatching task from the predicted eftects
21 assoclative symmetry for Al and negative tranSﬂer for A?:.
¢ . ’

|
Color stimuli were chosen since Plath (1935) demonstrated the
presence of good spectral discrimination in the budgerigar and since

Cumming and Berryman (1965) stated that for pilgeons matching of huces

is more rapidly acquired than is the matching of forms.

baily t;aining sessions consisted of approfimatelv fbftf trfals.
Only the last 20 trials per day were used to calculate accuracy levels,
utilizing all previgus trials as wiqupsi The Cfgtﬁinﬂ of ﬂCqUiﬁitiﬁﬁ
for Stége 1 was 16 or more correct out of the final 20 trials on two
consecutive daysjﬁ This (80%) level differs from chance, 507 accuracy
on a two-choice problem, at the .05 level. Following attainment of

this criterion, all subjects Continueq on stage 1 p'hbléms for seven
- + v

days of overtraining before being shifted to stagéfll: Fllis (1965) =~

- »

summarizes results from human verbal learning and animal discrimination

»

learning which show that, in general, increased practice on original

l ¥
learning tasks fad}litates positive transfer. Seven days of overtraining
would allow subjects to respona at hng accuracy levels for a large

number of trials when compared to the aqquisitiln’of stage I.. The

stage II criterion was two consecutive sessions with 16 or more correct

N

choices od% of the fihéI 20 trials. J ' N
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Four different sequences of 20 trials cach were made up from

selected random orders, using Cellerman sequences (Hilgard, 1964), to

!

Insure that correct positions and colors were equally re&;csented and

that colors occurred €qually in both positions. No more than three
consecutive trials, correct positions, or correct colors were fdent fcal.
Ung sequence was presented twice during one daily sessfon for two ses-
'u -

slons, then another was introduced for two sessions until all four
A I

sequences had beendXompleted. The order was repeated throughout tcaing.
Ing and overtraining sessions.’

)

o




. _ RESULTS

All data presented in the results are combined into group perfor-

.
1

mance .,  Individual data are available in the appendix,

> N
The acquisftion data presented in Table 2 include mean trials to

- 5
criterion, mean number of correct responses on day 1 and mean pumber ot

correct responses durlng overtrafning. All responses during acqulsition
. ’ i

wora usad Lo caleulate the first measare. The Jatter two arce baseed un
the final 20 trials of tie sessi%ns des {gnated, o
\, i

i

Table 27, Acquisitfon of matching and amatching
% !

Ml @ MQ A) éz Aj Aa

Mean trlals

criterion 773.3 666,73 661.5 883.3 934 . 4 946 .0
Mean correct .

on day 1 8.0 9,0 9,5 8.83 9.6 10.0
Mean correct 1n . ’

overtraining 17,33 17,14 18,10 18,22 16,63 16,60

There vere no significant difference JBcquisition between
vy :

matéhing and amatching. A randomized groupsiaﬁélysis of variance on

mean trfals to criterion showed no differences between groups on this

measure, f(S,ZZ) = .687, p>-05, &fJSIQHB)i Matching groups MI and M2

didln@t differ significantly oﬁjmeén trials to criterdion, t(4) = .17,

3

p>-05 . The results of these groups were pooled for later comparisons

and destgnated as group M. Groups A_ and Aérdiétht differ in acqui-

3

: * O T [
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RESULTS
All data presented in the results are combined into group perfor-

N

mance.  doadividual data are available in the appendix.
Acquisition of matching and amatching

The acquisition data presented in Table 2 include mean trials to
¢riterion, mean number of correct responses on day 1 and mean number of
COrrect responses du{lng overtraining. All responses durfog acquisltion
were used to calculate the first measure, The latter two are bascd on

the final 20 trials of the scssions designated,

Table 2. Acquisttion ot matching and amatching

] M ) 7 7
" 2 A A Ay A,

Mean trials

criterion 723.3 666 .3 661,65 883.3 934 4 946.0
Mean correct

on day 1 8.0 + 9.0 -~ 3.5 8.83 9.6 10.0
Mean correcc 1in ‘ :

overtraining 17.33 17 .14 18,10 18,22 16,63 16.60

q'éréés In acquisition between

v,

There were no significart dif

matching and amatching. A randomlzed groups analysis of variance on

el

‘mean trials to éritéfiﬁn showed no diiféfépCéS between gf@ups on this
 measure, 2(5,22; = .687, p>.05 , (T;ble 3); Matching groups Ml and Mzz
did not'differ significantly on mean trials to criterion, £(4) = .17,
R>‘05 . The results éf these groups vere pooled for later comparl!sons

and doestgnated as group M. Groups A and AA did not differ 1in acqui-

3
’
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¥

’ -

-sition as measured by.mean ‘triaks to vriterfon, t(8) = .05, p>.05 and

>

/Dr transfer comparisons. The acquisition

'groups were combined to compare with

g f? w,fff : v /N D
‘gﬁﬁﬁéﬁﬁbésures in3}hble 2 showed no signiticant

fz

>

L(26) = .86, p>- 0% 'medn correct responses on day b, t(Z26) = 1.44, p>.05

or mean correct responses during overtraining sessions, t(26) = 46, p=>05

Table 3. Summary of analysis ol varfance, raondomized
groups design, for acquisition of stage 1.

A

Source of Sum of Mean
Variation Squares d.f. Square Vi F
Treatments 417,976 .34 5 83,595.27 687
Error 2,675,435,37 22 121,610.70

Total 3,093,411,71 " 27

Mat(hing and, dmaL(hi ng Ss did poc significantly differ in type

1.98, p>.05. Preferences were consistent selections of one color or onc
position, occurring 75 - 100Z of the final 20 trials of sessions, Pref-

arence types noted in the data were color and posit?on, Initial pref-
erences were those displayed first-during the presolution period, The
predominant type during acquisition of both tasks was a position pref~
erence: for five of six mathiﬂé,§s, and fér 14 of the 27 amatching
Ss initially and for 18 of the 22 just prior to criterion level re-

A

sponding. No consistent differences were apparent in percentage level

of preference responding for matching and amétchinga Twenty-six Ss
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first solved a stimulus configuration containing either a preferred
color or position, z = 4.34, p<.01 . Stimulus configuration gsolution

was defined as a maintained accuracy of 80-100% corrékt_respdﬂding,

An examination of the curves of ‘acquisition for the whole tasks,
for separate STs and for separate configurations revealed no consistent

differences between matching and amatching in the form of the curves,

There were no_significant differences in acquisition of matching
and amatching obtained from analyses of mean trials to criterion, mean
Correct responses on day 1, and mean correct responses in overtraining,

or from examinations of acquisition curves and preference data,

Transfer of matching and amatching
Table 4 presents the mean trials to criterion and mean number of
correct responses on day 1 in learning the second matching or amatching

problems. The first measure includes all trials to criterion; the

second 18 based on the™f1inal 20 trials of the session.

Table 4, Transfer of matching and amatching,

M A A A

1 2 c
Mean trials to :
criterion . - 515.0 112.7 615.8 465.0
Meah correct on

rday 1 , : 10.17 16.5 9.67 9.1

The t tests for differences between groups M and AC showed no
significant differences in mean number of trials to criterion, t(14) =
.42; B>u05 » 1n mean number of correct }esponses on day 1, t(l4) = 1.07,
2).05 » or 1in percentage savings scores, Manh—Whitney U= 13, E?.OS .

The percentage savings for Ss were comuted on the number ofltri;is to

criterion for the first and second problems, by the formula I .
=
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Table 5. Summary of analysis of varlance comparing
blocks and stages for group M.

Source of Sum of Mean
Variation Squares d. f. Square F

A: Stages 72.33 1 72.33 19.08%
Error (a) 37.94 10 3.79

B: Blocks 43,22 3 14.41 5.07*

A x B: Stages x Blocks 7.75 3 . 2.58 <91

Error (b) 85.13 780 2. 84
Total 246,37 47 *p<.01

Accuracy durlng the presolution period of stage 11 was signif-—
lcantly higher than in stage I for mafching group (Figure 1). The
mean number of correct responses on the final 20 trials of one-quarter
giocks of presolution days were calculated to obtain a comparison of
the group acquisition of the two problems. A blocks x stages analysis
of variance revealed tha; there was a significant difference between
the stages, F(1,10) = 19.08, p<.01 , (Table 5), a significant increase

P
over blocks, F(3,30) = 5,07, E<601 , {Table 5) and that the form of
the curves for the two stages was essentially similar, F(3,30) = .91,
p>-05 , (Table 5). Group AC showed essenfially similar presolution
acquisition curves for the two stages (Figure 1). The matching and
amatching groups, ‘M and Ac, differed significantly on mean number of
correct responses on the final 20 trials of blocks 1, é and 3 of

stage 11, 5(16) = 1.87, E<.OS;NE(16) - 2.33, B<‘05 ; and t(14) = 4.32,

p<.01 , respectively. i

There were no significant differences in @ﬂ%tial preference type
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displayed in acquisition of a second problem for matching and amatching,
M and Ac,x?(l) = .48, g>;05 . These two groups displayed more initial
color than position preferences in the second presolutiuﬁ period. The
change in initlal preference type from position in the first problem to
color in the second problem was significant for both groups M:xy(l) -
5.49, p<.02 ; A(‘r)cz(l) = 7.27, p<.01 . .
The increase 1in presolutinn accuracy for the second matching
problem and not for the second amatching problem was the major d1ffer—
ence between the two tasks found 1n this s;udy. No significant differ-
¢oces 'in transfer fo a second problem for matching a;d amatching were
found in mean pumber of trials to ¢riterion, mean number of correct
responses on day 1 of the second problem, in percentage savings scores
or in types of ipitial preferences displayed in the presolution period.
Both groups showed a significant changeé of type of preferences ini-
tially displayed 1n the first and second tasks, frém position in the

first to color in the second.

Associative symmetry and negative transfer in amatching

significant differences between. groups on

this measure, F(3,24) = ¥.52, p<.01 , (Table 6). Multiple comparisons

among the group means (Dunn; 1961) showed this significance was due

e assocliative symmetry group, A The differ-

. to the mean score(of 1

ence between Al'and A on mean trials to criterion (Table 4) was sig-
p C . .
nificant at the .05 level, t(22) = -2.96 . Significant results were

also obtained for the mean number of correct responses on day 1l . table

: X
5.32, p<.0l , and for percentage savings scores, Mann-

2, p<.001 . The number of triais required for-the Al

W

4), £(14)

(]

Whitney U
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subjects to complete criterfon for the two stages were algnificantly
correlated, r = .75, t(4) = 2.77, p<.05 , indicating a possible rela-
- ,

tionship between ease of acqulsition of the first task and the strength

of the backward aeéociations, measured in stage I1. //
Table 6. Summary of analysis of variance, randomized
. groups design, for acquisition of stage II.
Source of Sum of ' Mean
Variation Squares d.f. Square F
Treatments - 866,826.8 3 288,942, 27 5.52%
Error 1,256 ,494.16 24 52,353.92

Total  2,123,320.96 27 *p<.01

Lroup A2 for which negative tfansfer was predicted did not sig-
nificantly differ from AC on mean trials to criterion, t(14) = 1.27,
p>.05 , (Table 4), on mean numbervof correct responses. on day 1 of

stage 11, t(l4) = .40, p>.05 , (Table 4), or In percentage savings

e

scores, Mann—Whitney U = 25, 25205 - Although some improvement in pre-
solutién accurdcy for AZ in stage I1I appears to have occurred (Figure 1),
the stages did nbt significantly differ in level, F(1,10) = 1.05, p>05 ,
(Table 7). The only significant effectﬁiﬂ the blocks x.stages analysis
of variance was the Increase in accuracy over blocks, ¥(3,30) = 13.86,
p<.0l, (Table 7). Two A2 subjects, AZFI and AZ-Z, showed negative

transfer as revealed by percentage savings scores of ~7¢ and O respec- .
\ ,

tively. Percentage transfer for these two (was -36.95 (Murdock's formula

1957);vJThe remaining A2 group members showed positive transfer to the

" second problem, (5.23, Murdock, 1957).
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Table 7. Summary of analysis of variance comparing

blocks and stages for group A2.

Source of Sum of Mean
Variation S$uares d.t. Square 3
A: Stages 6.66 <l 6.66 1.05
Error (a) 673.6 10 6.36
B: Blocks 51.96 3 17.32 13, 864
A x B: Stages x Blocks 3.08 3 1.03 S 82
Error (b) 7.5 30 1.25
Total 1¢2.8 47 ' *p<.01

Significant evidence for assoclative symmetry ln amatching was
found in mean trtfals to criterion gf the second problem, In percentage
savings scores, and the mean number of correct responses on day | in
stage 11. Only two A2 subjects showed the predicted negative transfer,
The A2 group results did not significantly differ from AC on mean trials
‘to criterion, mean number of correct reéponses on day 1 In stage Ii or

percentage savings scores,

7



DISCUSSION

Differences in acquisition of matching and amatching

The present study showed no significant differences in acquisi-

tion between matching and amatching on any of the variables measured.

N -

This result was predicted by the coding hypothe‘g- since each
task 1s solved by learniné to make two correct coding ;esponses and then
acquliring the correct overt responée to each. The configuration and
central assoclation explanations both predicted matching to be eaéier
to acquire: the former because the fdentical stimulus would allow the
cue of stimulus size to be used In solution and the latter because sgim-
ulus similarity and identity are assumed to facilitate the formation of
associations. : F
The assumption of a response to identity 18 crucial to central
association views of learning (Kohler, 1941). Pigeons and rhesus gcnkeys
have demonstrated an ability to learn to respond to similarity and iden-

ti&y%(WEiﬂStéiﬂ? 1945; CGinsbuxg, 1955; Wright, French and Riley, 1968)

but they do not {nitially show this type of responding and one study
with pigeons demonstrated that previously strong responses to COs or
coding respéhses to STs rather than stimulus simil@arity controlled the
responding toinew STs (Cohen, 1969). The absence of signifiéantiy
greater acquisition of matching over amatching in stage I of this study

casts further doubt on the validity of this aaéumption.

Amatching tended to be more difficult to acquire as measurcd by
miPn trials to criterion. This result 1s more similar to the findings for

pigeons reported by Cumming and Berrymkn (1965) than to the findings by

26
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ulus or a response to the S'I‘zCO+ palrs would be correét. The present
study employed stimuli and sequencés simtlar to those 1n Ginsburg's
study but changed to a noncorrection from a correction method of trial
ddvancement, Ginsburg (1955) suggested that a correction requirement
might have refnforced oddity responding\in a chain to respond first, to

the odd and then to the matching stimulus 1n his study.
8-

3

The present study excluded the effects of reinforcement of odd1ity
Tesponding by presenting three different stimulil on each trial 1in

amatching and by employing a noncorrection requifement Only a slight

. difference between matching and amatching in mean trials to criterion, in

favor of matching, was found.

The coding hypothesis made ﬁ@ipfédiétiDﬂ of significant differ~
ences in acquisition gof matching and ém;tching.i Since differences
usually reporteq between }hese two tasks (such as speed of acquisition,
overall accuracy, iregoluticn preferences and form of learning curves)
did not appe;r, the present findings dq not support a speculation of '

inherent differences in acquisition of matching and amatching.

[

Differences Ain transfer of matching and amatching

Matching Ss showed a significant increase in presolution accuracy
4

in the second problem as compared to the level for the first problem,

and amatching Ss did not. No ather variables demonstrated significant

(o 4

o,
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differences in transfer between the two problems. Both groups displayed

more initial color preferences in the second problem than in the first.

-The coding hypothesis made no prediction of differences in trans;_ \\
fer of the two tasks since both groups were required to learn coding re-
sponses to two new stimuli and to learn the correct overt responses to
each. This approach faliled to predict the presolution accuracy increase
for matching. The learning of coding responses in the first task might
have influenced the Ss tendency to respond to color as reflected in the

increase in initial color preferences in the transfer problem.

The configuration explgnation predicted greater transfer of match-
: -

ing than amatching because stimulus size would still obtaln as a cue to
solution in the second problem. If acquisition of stage I occurred as
: a result of responding 1n the direction of the larger stimulus area,
then péuching Ss should hazé shown immediate transfe; to a second prob-
lem., In amatching, four new total configurations would have to be dis—
criminated and 51rect10561 TéSpOﬂdiﬂé to them acquired. Liﬁfleztfanafér
to a second amatching problem would be expected. The increase 1n pre—’i
solution accuracy for matching Ss but not amatching suggests that a
configurational cue may have been employed. However, the increase 1n7

color preferences for ma%ching as well as amatching Ss indicated that

i
!
f

Al

the cue being responded to was probably color rather than size. Since

only slight positive transfer for matching was found and since stimulus

£

size was not demonstratéd to be in control, the configurational. pre-

diction of transfer differenées between the two grohps is not well

)
|

suppokrted.

The central assoclative explanation also favored matching in a

e

transfer task because stimulus similarity or identity favors faster
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Ve
assoclative formation. Matching Ss did show greateg@transfer on one
variable, the increase in presolution accuracy,‘ﬁowever amatching Ss
tended to show more transfer than matching in some other measures, such
as savings in mean trials to ¢riterion. The change to color prefefences

could be the result of learning assoclations 1in the first problem on the

basis of color, according to the central asgoclative view.

This portion of the study shows some evidence that the S8 were
learning to respond to stimulus similarity or f{dentity in terms of color
and the results were more predictable from a central associative approach

than from a configuration explanation or a coding hypothesis,

Assoclative symmetry and negative transfer in amatching

Strong evidence for positive transter was found for group Al in
mean trials to ciiterion, in mean number of correct responses on day 1
and for percentage savings scores in the second problem.

The rapid reversal of roles between:STs gnd COé that was demon-~
strated by subjects 1n group AI in stage I1, demonstrated the phfﬂ@méﬂon _
of backward association and supports the view of Asch'and Ebenholtz
(1962) that assocfations that are formed between two stimqli in a paired~
associate learning situé%ion are symmetricalﬁ'ihat is, eirher stimulus
can serve as a stimulus for the other. ﬁhen subjects learned to choose
blue when presented with ; red standard and to choose yellow when pre-
sented with a green standafd, they appeared to learn that blue and red
were a stimulus combination, as were yellow and green. The findiﬁgs

of the present study are congruent with.jsta on humans which suprort

the associative symmetry principle when itennéyailability is equalized.
R ,

‘ ! 7
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Although the association between ST-CO pedrs in stage I could not
be explained in terms of central assoclation viewpoints regarding the
importance of stimulus similarfity, these explanations predict that once
the STs and (Os were assoclated, the occurrence ot efther in sStage I
should faltfate a response to the other. The strong backward associa-

PR & .
tions found in stage 11 for group A1 suggest that ST-CO s had come to be
reacted to as assoclated stimuli. The strength of the association was
A

predictable from the pumber of reinforcements In stage [ after chance
responding ceased. The strengtﬁ ot backward assoclations was also di-
rectly related to the number of trials required to learn the association

Initially, Fewer numbers of trials to criterion meant that high accur—

kS

acy responding (during overtraining) would have a greater strengthen-
Ing effect on the association since reinforcement density over the entire
Stage was greater. The high correlation between stage 1 and stage 1]
acquisition Suggésfs\a difference in s;bj*éts in ease of establishing

associations. ' “
An explanation of stage I acquisicion by AI subjects as learning
o .
to respond in a particular direﬁtiqn according to the total stimpius

ry

o]

onfiguratfon would not predict this immediate high level of accuracy

in stage TII. All of the configurations in stage Il were different from
those in stage 1. A carry-over of a general effect of learning di-

‘rectional responding would have ytelded chance’ accuracy until the new

configurations and directions for each were learned.

" : |
The coding hypothesis (Cumming, Berryman and Cohen, 1965) states

that coding responses are learned to the STs and not to the COs.

Initial responding to the second Al prob1¢m would occur, aécording to

the coding hypothesis, by coding response substitution. In stage 11

’



if subjects responded to the new STs with the old coding responses,

r

the new COs would be.responded to according to the coding response 5gb—
stituted (Cohen , 1969). For example, on a new RYG configuration, ft
yellow were coded as red and red had been palred with blue, then the
absence of a blue €O to whi. h to respond would mean that chadce respoand-
Ing would occur until the coding response to yellow was learned and 1ts
correct CO was assocdated with ft, Sipce responding to COs on the basis
of similarity to old COs usually does not occur  (Cohen, 1969), thea the
ST¥CO+ assoclation learned In stage I would not necessarlly be predicted

to control stage 1 responding, 1f coding response sabst fout fon did not

take place, then chance responding would occur until the pnew codling re

sponses and thelr response attachments were learned. FEither with or

without coding response substitution, the coding hypothesis Is unable to

s

predict the obtained assoclative s ymme tTy .

The central assoclative explanation predicrted the obtained asso~
3 . EY

e

clative symmetry., Configuration apd coding hypothesis approaches prea

dicted initial chance performance and graduwal acquisition rather thap

high positive transfer,

The group for which negative transfer was predicted ‘&i?\ not sig-

niftcantly differ from the amatching control group in mean trials to

riterion, mean pumber of correct responses on day 1 or perce
{a i '(::‘vi

savings scores for the second problem. The predicted negative ‘transfer

=

tage

@]

for A2 was found for only' two of the six subjects in the group.

ﬁ Negative transfer would not be predicted usiyﬁ a coding hyprothesis,

If coding response substitution were to take place, then chance. rve-
. i i
sponding should occur because the correct CO for responsé -'?tta(‘h?ﬂi.—ﬁl' was

VN,
s A
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no longer present as a CO. Fither coding response substitution or chance
responding without coding substitution would occur until the new coding

responses and response attachments were acquired.

A vonflguratlonéiﬂzppro§vh would also predict echance responding
untfl the new directions to the new conf lgurations were acquired.
Slight transfer effects might occur {f the conflgurations were difficult
to discriminate from those learned in the first stage but {hv Offects

could be efther positive or pegative and for A? should appear tamediately .
( /

As a group, transfer effects on day | were not apparent.

A central assocfatlve explanation would predict strong negat lve
~

Efféﬁtsnffcm reversing the €O correct and incorrect values slpnce the
assoclations learned fn the first broblem would be expected to interfere
wifhrséﬁﬂndrprﬁhle pérfﬁrmaﬁCﬁ, This explanation accurately predicted:
negative trapsfer for only a portion of the group, The rémﬂlndﬁf of

the Ss showed positive, rather than pnegative, (ransfer,

S =

] ) , _ . T - i
the A, group results for transfer to a second problem, The Tesults wero

¥

ative predicgion of a strong negative

o]
i

transfer, None of the explanations accounted well for the division
the group results into positive and negative transfer,

A proposed extension of the coding hypothesis

The cdding;hypothesis (Cum&iﬂg and Berryman, 1965) better ac~
counts for the acquisition findings of this study than the other expla-
nations that were considered. An extension of its concepts Seems war-
ranted by the difficulties encountered in explaining transfer in match-

€

ing and amatéhinga' The authors of the coding hypothesis predict fhac
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stimulus generalization can occur to either STs and COs (Cumming and
Berryman, 1965). This suggests that coding responses to COs, as well
as to STs, probably occur in learning matching and amatching problems.
The central associative explanation better accounted for positive trans-
fer in the present study. Conceptually, the proposed extension becomes

a blending of the original coding hypothesis with central associative

explanations.

The extenslon incorporates two more types of coding responses,
one to C0s and one to the ST-CO association. Learning of coding re-
sponses would begin to develop at different times in acquisition:
coding responses to the STs would begin to develop first, them CO cod—
ing responses would appear, flnally the coding response to the asso-
<«lation Vﬁuld&bégiﬂ déVélUpméﬂ;a The coding responses are strengtheaned

ntrols the responding

o
o]
o]

by reinforcement, The strongest coding response
for cach trial.

i

Initially the events for each trial would be diagrammed as did

Cumning and Berryman (1965): - r /CO iiR:ﬁiﬁ < ITI
Vo Xy oy '
P ; s ' ) 1

i

The symbols mean: ST , standard stimulus of x value; rx, coding re-
A x .

sponse to x value; CO and COZ, compar150nrs§1muli of y and z values;

~

R and R_, responses to y and z stimuli; SR, reinforcing stimulus;
i -
and ITI, intertrial interval. In all diagrams the coding responscy

and . comparison Btimuii are present simultangoualy. In matching, Lhe

x and y values are identical. : A

As éoding responses to the COs-develop then the events of a trial

.



' )

would occur In this sequence: R
—~»S —ITI

y
O

r-+l{——»ITI

o o

As reinforcement strengthens the assoclaticn between r and r
and between o and r then the coding response to the association
z

develops: S 4 R
CO  —~—»r —ar ~—+R —&S —ITI
y Yy Xy y

ST ~—T
x x

co\:\\‘ " —R —#ITI

—~'r —r
z z Xz z -

The rxy and ¥z coding responses would contain information about

elements of both the stimuli plus the nature of the associatlon or re~
lation between the stimull, such as positive or negative, or simllarxr or

7

ferent. The negative assoclation develops last and provides the sub-

o
>,

i

#ions. This allows

ject with information about negative stimulus associ

exclusive, as well as inclusive, responding to stimdii.

xtended coding hypothesis would preédict a slight advantage

o] o

The
in ipitial acquisition for matching over amatching sinmce the coding

esponses learned to COs would be more similar to those learned to the

Lo}

' STs than for the amatching group. Coding respanses;being learned to
STs are fradually used for.COs. The subjects still have the. same
number of coding, responses to STs and to associations to learn in both

The preé?nt study feund acquisition of matching occurred sooner
but the finding wéé not significant. Codiné respoﬂses, such as a re-
sponse to oddity, g@uld be in initial contrel for matchingf Thi : would
attenuate differencéﬁ,in initial acquisition of the twé problems since

\

4 -

. \

groups.



the old coding responses would have to be reduced in strength before

new ones could emerge.

Inttial control of responding by variables such as position,
color or oddity preferences would be the result of sirong coding re-

sponses for these stimulus values. As learning progresses the aspects

t
r

4
of the stimuli relevant to problem solution become the qual ities that

are presecrved in the coding. Creater reinforcement of one dimension
value over another would result in differences {n coding response
strength and should be reflected in greater accuracy or earlfer acqui-

sition of pretei‘ed stimulus values. The present study demopstrated

;"’\

that preferred values were usually learned first. i}ﬁ

The extended codling hypothesis would predict generalized match-
ing behavior after sufficient numbers of coding responses to associa-
tions between identical stimuli had been learned, .since the coding re-

sponses for l1dentity would then control responding. The strength of

»
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tion would be acquired more slowly

.solution accuracy in a second matching problem lends some support to
this prediction.

The coding responses to associations for amatching already con-

7
b

tained learned elements to stimuli from stage 1 acquisition.: The sig+
nificantly low accuracy of responding for two amatching controlsul, jects

at the beginning of stage II supports the suggéstlon that ST coding
responses learned in stage I were used in stage Il when the same ., tiwmuli

were then COs. The new STs were responded to by substitution of the

ol
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s
other coding responses learned in stage I: blue was responded to as
violet and yellow as orange. This substitutfion along with transfer of
the coding responses to associations in stage | ylelded low accuracy

responding, since a coding response to orange was now pafred with one

for green rather than with red as Iin stage 1I.

The assoclative symmetry found in this study 1Is readily predicted
by the extended model because all codipg responses (to STs, CQ$~and to

assoclations) are still relevant to problem solution in stage L1, For

those subjects pot showing high accuracy on day 1 the strength of a
coding response to red and the strepgth of the BR palr were greator

than for other stimult, suggesting that the coding response to a YO

|8

assoclation did not yet control responding for that pair. The correla-

g;nn found between number of trials to criterion for the two stages
suggested differences in subjects In ease of developing and in strength
of coding responsasa In AI stronger assoclations were obtalpned with
subjects taking fewer trials to criterion. The effect of overtralning

W%Q%é be to strengthen the assoclations and would do more so for those
subjects who had ?Xﬁéfiéﬂééd fewer trials du{iﬁ* which the associations
were weak or absent., he proportion of high accuracy responding to

totaizfespondlng was greater for faster subjects so the coding responses

to assoclations should have been proportionately stronger than for

slower subjects.

5

The positive savings found for most subjects in A2 where negative
interference had been predicted would be explained by the extended cod-
ing hypothesis as a fesult of having only to learn a different na'ure
og the association while the Coaing response to the association con-

tinued to contain the elements of the x and y learned from the ST and co

"

&

it



coding responses. Thercoding responses to STs and,COs would continue

to be relevant. If the stage I coding responses to associations were
relatively weak then the change in nature should be learned more raplidly
than 1f thgy were strong. Most of the subjects showling positive savings
had shown relatively long presolution perfods in stage 1 so the strcéglhen;
Ing of coding responses tp associatlons during the overtraining period

would be assumed to be less than for faster subjects,

The extended coding hypothesis has the same difficulty as the
‘original proposed by Cumming and Berryman (196%) in predictloy what
coding responses will be used as substitutes In a pew situation until
new, appropriate ones are learned. They predict that the strongest will

- : ) v

control responding but an independent measure. of coding response strength
is not always available in advance. Stimulus similar%ty is often not
a reliable indiéétér (Cohen, 1969), However, the addit}on to the coding
hypothesis of coding responses to COs and associations was benef icial

in accounting for associative symmetry and negative transfer In amatch-

=

ing and in accounting for differences in matching and amatching transfer
in this study.
Matching and amatching in budgies
Budg{és acquired matching behavior at speeds 'and accuracy levels
comparable to those previously reported for chimpanzees, rhesus monkeys
and pigeons. Chimpanzees réquired about 2}000 trials to match colors
correctly (Ferster and Hammer, 1966). 1Two rhesus monkeys matched two
objects with 95% accuréey in 25 consecutive responses in 1,199 and ©50

&5 :
trials. Four out of six budgies demonstrated accuracies of at least

<

+95% for 20 consecutive trials and did so in 480 to 1320 trials. %:x

»
®
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plgeons averaged 896.7 trial% (range 410-1660) to whtch two colored
stimull to a level of 807 COA{GCC in 20 consecutive trials for two
halves of one daily session ((Xinsburg, 1995) . " Three plgeons matched

\
colors to an 807 level taking AbOut 600 to 7720 trials (Cumming and

Berryman, 1961).

In this study less clearcdt differences between matching and
amatching acquisttion curves werelfound for budgles than in Jdata for

pigeons. Acquisition curves for mAtching and amatching in pipconns

¢
differed considerably in appearancey ik former showing chance behavior

\
followed by steep rises to rrltrriOn\ correlated with a loss (o position

preference, and the latter showing much more gradual ‘poquisition and

less correlation with position preferénéé behavior (Cumming and Berryman,

1965 The matching‘cusés for budgles flucthéted around chance more
than those for pigeons and showed somé(éraéual rises to criterion, and
the amatching curves showed b;th types of rise to criterion. Prefer-
ences {n matching and amatching were equally strong in this study unlike

the findings for pigeons, Budgles demonstrated more color preferences

jo1]

(Cumming and
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than pigeons in matching and amatehin

hieved in stage 1, there was no

e

Berryman, 1965). Once criterion was a
consistent trend of increase in ovlerall accuracy during the seven ses-—

sions of overtraining for either matching or aﬁatching. Pigeons con-

tinued to show some increases in dccuracy in amatching but did not
reach a level comparable to that found in matching tasks, (Cumming and

Berryman, 1965). -

Budgies showed considerablly less transfer of matching to a

li

second problem than rhesus monkeys, who averagea—64 and 857 acc@rucy
N :

on their first 25 trials (Wcinstdin, 1945), and sllghtly Tens than

-



pigeons, one showing immediate transfer, two others taking 240 to 720
trials to reach 80X accuracy (a savings of 527 for these two) (Cinsburg,
1959) and one showlng 757 accuracy on the second day (Cumming and Berry-
man, 1961). The strength of backward associations on day 1 of Stage 11

was grealer than that reported for pigeons (Gray, 1966).
Conclusions ¢

The primary difference found between matching and amatching was the
fncrease 1n presolution accuracy in the second matching problem compared

to the level in the first matching problem.

Strong evidence for assoclative symmetry was found In the amatch-

ing group, Al.

Budgerigars proved to be useful as subjects 1n this study, per-

orming matching and amatching tasks at speeds and at levels of accuracy

within the ranges found for chimpanzees, rhesus monkeys and pigeons,
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accuracy inm the second proble or Taféhiﬁg; A central associative

=l
o
»

P

]

explanation accountad well for th 5btaiﬁéd associative symmetry but
predicted greater negative transfer than was obtained 1in Azﬁ Greater
differences in favor of matching in acquisition and transfer would
have been expected from both of these approaches.

The Coéing hypothesis accutatély predicted little difference in
métching and amatching in acquisition but could not account for the

transfer results obtained.

An extended coding hypothesis incorporated the useful fea' ires

of the central associative explanation into the original coding hypoth-
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esis and yielded more satisf‘éc‘tory explanations of the results obtained
in this study. Limitations are still found with this explanation, such

as In predicting the coding response substitutions that will take place

in a new situatfon.
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APPENDIX

Table 8. Number of trtals for subjlects to complete

criterton.

Croups Stages

1 2 3
1 460 1280 430

Ml
1T 440 790 280
1 360 640 999

M’?
: I 440 . 280 860

1520 780 Y080

A
l II 80 120 160
I 400 1320 1000
A
‘ 11 700 1320 540
1 1362 1290 870
A3
: L 240 640 470
| I' 1350 850 1240
A

Subjects

4

+ 780

400

r
X
<

1080

360

300

6




Table 9.

Type of presolutlon preferences displayed

by tndfvidual subjects.

47

Groups

poe)

Stages
Subjects 1 11
1 Left Right
2 Left Yellow=-Right
. 3 Right Yellow

1 Right (Lefu)

7 Yellow 0 Creen ,

3 Right (Creen—lLeoeft)

1 (Yellow—-Right-Y.-Left). *

2 Yellow-Left—-(Right)

3 Yellow-Right

4 Right

P Yellow-Right

6 Right

1 Right~(Yellow) (CGreen~Right-C.)-Lefr=(Re,)
s Right Right~Lefr

3 Right Left

h Yellow-Right (Lef t~-Red-Right)

5 Yellow ‘} (Right~Green)

6 (Left)=Right=(Left) (Red)=Right
‘1 Left~(Orange-Left) (Red=Right)

2 Right Red

3 Orange ! (Right)

h . Orange-Right-Left Red

5 Right Red °

1 Right Right~(Red-Left)

2 Right-(Orange-Violet) (Red)~Grecn

3 Right-Orange-Right Left—(CGreen~l..~G.)
4 Right Red-(Right-R.~Left-Craen)
5 Right Red

-

Preferences are in the order displayed during presoclution for at
least two consecutive days. Moderate preferences, 50 to 707, are
in parentheses, - '



Table 10.

Average accuracy during
individual subjects.

overtraining for

Subjects Ml M2 A1 A? A3 AA
1 16.57 17.43 18.473 17.413 17.29 17.47
z 18.71 16.86 18,00 16.473 16. 14 16. 86
3 16.71 17.14 18,57 18.71 16, 473 16.57
4 17.43 19.00 16.86 16. 14
5 17.14 18,29 16 .43 16,00
6 19.00 19,473
Table 11, Average accuracy per one—quarter blocks
of acquisition.. '
1 rtages 11
Blocks Blocks
1 2 3 A 1 2 3 4
9,09 9.61 11,37 11.76 11,69 12.80 14.78 12.87
1 11,07 10,65 12.03 12.36
B *
, 9.8 9.86 1046 12,16 9,76  10.92  11.62 13.04
9.81 10.17 10,85 11.93 9.52 10.24 11.04 12.96
¢
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Table 12.  Accuracy tn final 20 (rials for day 1 in stage 11.

Subjgats Ml M? A1 A? /'\3 AA
1 10 1l 18 10 11 9 ,
7 9 9 14 9 9 /
3 11 19 14 9 11 s
4 16 9 9 17
5 18 14 10 12
6 19 7

Table 13. Percentage savings scores for individual subjects.

ubject 1 ", M hs Ay A, \
: s . A7 85 ~75 82 53
2 38 56 85 0 50 67
3 35 14 85 : Aé 46 19
4 79 40 79 49
> 71 67 13 41
¥ 86 54 .

#
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