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//”-\“ ABSTRACT o . |
'Four groups of plgeons wore tested fo compare the effec+s, on fhe

.Slope of generallzaflon gradienfs of utilizing one s+imulus or two

-

stimulus _cuss durlng discrimlnafion *ralnlng. All Ss received 3
discrlmlna?!on frelning on the presence-absence;pf a ver+1cal llne, kay '

peck responses uerevreinforced on a VI 60 sec, schedule,- Two groups were

| 1ra[ned wl#h?chroma (greee)-oe the line as S+ and S- was_a green(key for
one of these groups and & white key for the other group. Two other groups
were frained with chroma on the surrourd as S+ and S- was a green key for
one_pf these groups aed ; white key for fhe1ofher group. After fra!ning,

all Ss received genéralizatian +esflng along the angularlfy dlmenslonr

: under exflncflon condlrlons for two test sessions, Slgnlflcanf

dlfferences in the slope of the generaliza+ion gradlents OCCurred only

on the second day of testing., The group.consl;*ing of colour op’fﬁe ;
line end two stimulus cues‘oroduced the steepest gradient, The results of

‘ the present Invesflge+10n cast doubt on the percepfuai affending *Z

hlerarchy Theory and indicate ?he need fOr furTher experimentation on 1!

the varlables a*fecfing the attending hlerarchy.
-
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CHAPTER | !

tntroduction

‘ The‘purposé of the présenf'lnvesflgafion was to-replicate Baron

.

and Vacek's (1967) study, controlling for the number of stimulus

-

features presenj}during the fraining sassion. and omifflng the

uavelengfh general ization test. The need for_5uch a studv mav perhaps

become evydenf atter a revieu of somé of the current problems.

Background of Related Research

£

Several sfudnes have shown that the differenf properfies of a
complex stimulus may individually control dlfferenflal responding
‘(Lashley, I938 Reynolds, .1961 ; Newman and Baron, I965) Since The
relafion befﬁeen a stimulus and a response may vary from one lnsfance
- to anofher during training, the aspecfs of the s+|mu!us sifuafion
‘presenf when a reinforced response occurs may not gubsequenfly Iead
~to that response. Such tindings have been In#erprefed as meaning that |

subjects can "atfend" selectively to the different aspects of the

-«

stinulus sifuaflon. ThlS has led some researchers to study anenflon

Fl

?hnough the concepf of sfimulus confrol (Jenkins !964; Terrace, 1966;.

and Honig, l970).

Sflmulus control is often demonsfrafed using discrimlnaflon and
generallzafion paradagms A stimulus correla:f: with a response, by

itself does not demonstrate <ontrol, untess it Vs also possible to

3 4

A

&



.dlmen5|on while flat gradlenfs lmply little or no sflmulus confrol by

Arecelved S+.only Trainnng.

=%

.

show Thaf the absence of the stimulys is correlated with the absence of+

v -
7

fhaf response (Mostofsky, 1970). A common way in which to look at

anenflon is to examine sflmulus generallzafion gradients. General!zafion

occurs. when an o::j?fsm responds to s+1muli whlch are simllar to a stimulus -

that had been ini |ally condrfloned; ‘General ization. gradienfs have

-

-

been used to demonstrate the consistent decrease in response s?rengfh
fhaf o&curf with rncreased dufferences between fra:nrng and test’ ' -

sfimulf. gradlenf w:fh a sfeep slope and a peak at the fralning

stimulus - |mpl|es fhaf ¢he organlsm has attended to the fraining

-

the test dimension. :_ o T A
. - ’ . . -
Newman and Baron (I965) provided evidence for sflmulus confnol
along the dimension of line orleh+afTon using generallzaflon fesfs.
Four groups of plgeons were given :ndependenf discriminafion problems.

2

All groups uere‘p(ssenfed with a whnfe verfical line on a green-

an

.o

'background as The reinforced posnftve sflmulus (S+) The nonreinforced

+

" stimulus (S-) for Group | ‘was a green background wlfh fhe Ilne absent,

for Group 2 5~ was a red background with the Iine absent, ‘and for Group 4, -

S- was a red background with the white verflcal Iine present. Group '3

o

T

During generalizaflon along the anguiarify dimension, Group |
o

"showed a steep generalizaflon gradient, whereas Group 2 showed a

flat gradienf. Group 3 and 4 also produced flaf gradlenfs. Buf during

{
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training, Group 2 1earned the discriminaflon fasfer fhan Group |I.

1t may be pOSSIbIe to conclude fhaf pigeons in Group 2 found it easler

to dlfferenﬂa‘re on the basi§ o% colour rather fhan on fhe presence -
absence of the verflcal line. Baron {1965) explained fhese resulfs
in Terms of a perceptual "affending Rlerarchy™. Baron proposed that
colour ‘'was higher on this- scale sthan line t11+ and fherefore was
a+fendqp to more readily. However, Newman and Baron were nof able to
show fhaf pigeons In Group 2 exciusively affended to colour. In facf,
the plgeons may have aTTended to the line during training, but the
presence of the more dominant cue, colour, may have masked any
respondihg to the line during testing.

Newman and Benefiald (l968), uslng fuo groups of plgeons showed

+haf if the coloured background is removed and replaced by a2 black

| background during general izatlon fes+ing, steeper gradlenfs along line

. the line was demonstrated. These results fend to Support Baron's (1965)

;+Ilf are possible. Thus the pigeops attended to coloyr rather than to

the Ilne during generai fzation fesfing, and thereby showed a flat
gradient. . But, uhen fhe co!oured,background was removed, attention to
proposal that colour is a more sallenf cue than line filf

One of the Implications ‘of the Nevman aod Baron (l965) sfudy '
explored by Beron and Vacek (19671 was that if colour is a dominant cue,
since It Is hlgh on the affendlng hierarchy, then attention to the Iine
should be greater lf the line was coloured rather than the background. ‘

N '
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&-Baron and'Vacek trained two groups of'pigeods on a discrlmina*ion +ask.

- The experimenfa! group ‘received discrimination +raining with a green

verflcat Ilne on-a whi?e background as. S+ and a white key as S— " The
confrol group received discriminaflon ?rainung with a white vertical Iine
as,S+.and a green keygwifh the Jine_absenf as S—. The control group
was idenrical fo'Group ! of the Ne A?and Baron (1965) sfudy. The resulfs-i
of the Baron and Vacek sfudy shoued fhaf fhe experimenfal group produced

a steepbr gradienf than the control group, supporflng their hypofhesls

“that colour would faclllfafe control. Furfhermore, the confrol group

in this study produced a flat gradlenf uheraas in fhe Newman and Baron .

G2965) Sfudy°a slmilar group produced a steep gradienf. Baron and

Vacek concluded that plgeons aftended fo the more dominanf‘cue, cotour.
However Baron and Bresnahan (l969a) quesfloned whether chroma

on the Iiue'lncreased attention to - the line. Their experlmenf fesfed

the pOsslbiliTy that chroma on the surround may. have In fact decreased

affenflon to fhe Iine. They frained four groups of plgeons. Two

groups were trained on a discrlmnnaflon nifh a uhlfe vertical line on

o ‘m

either a green or black surround -and two groups reéceived single
stimulus training.on a green or black surround. Examfning the groups
which recelved discrimination, it was found that the group fraTned

with the black surround p?oducéd'a steeper gradient than the group

‘with the green surround.along the angulerlfy dimension. . However,

the group trained with single stimulus training with the white



vertical |ine on the black surround produced a flat gradient compared
to the grouf whlch received single-stimulus training ul%h'a green surround.
Their results thus showed an inferacflon effecfﬂof Jobaféoh of the
colour and kind of ?ralningr Therefore, 1heir results did not presenf
clear ovldenca against the faof that colour on The 1ine may have . u’f'
Increasad attention to fhe line as Suggesfed by Baron and 'Vacek (1967).

" The posslblllfy that colour on the line may havo increased affenflon

to the line uQE furfhar ‘examined by Hirofa MIfam and Ferenc (1973).

Whaereas Barcn and Bresuhhan (196%9a) tried to show that colour on the

.

-. surround may have decreased Sf?euflon to the line, the Hirota et al.

Sfudy fesfed the effect of placing colour on the line. _The experlmonfal

group in fho Hirota et al. sfudy was ?rained to dlscrimlnafe a green

verfical ine ‘on a uhife background (S+) and a plain whiTe key (5-)

The confrol group . loarned the dlscrimlna?ion with a black ver cal line
on a uhlfa background aS'S+ and a uh!fe background as S-. Qﬂn short, The

| experluenfal group was frained with chroma on the line and the confrol
group trained wlth _black 1ine. Durlng genoraliza?lon testing along. *
the angularity dimenslou,Aoofh groups produced equally sreep gradients.
leofa et al. concluded that fhe addlflon of chroma on 1he'line does

|
nof lncrease attention to ?he fine.

Baron and Vacek (1967) Inferred that chroma increased: attention
to 1he | Ine by oxamlnlng fhe d!fferonce in siopes between ?he%r

experlmenfal and, confrojzgroups durlng the generallzaflon test. The



rd

group trained on the presence-absence of a white |ine on a green

surround (Group 2) produced a flat gradlent compared to the group trained
- P : -

on the presence—absence of a green vertical line on a white surround
(Group 1). However, studies utilizing differential training of’fhe
presence—absence of a whffe %erficel Jine on a green surround generally
produce sfeep gradienfs (Newman & Baron, 1965 Newman & Benefield, l963,
Baron & Bresnahan, 1969a). A possible explanaf!on for ‘the dlscrepanf '
results by Baron ehd Vacek (1967) is that 1he test data for their sfudy
‘was confoundee by the presence of a wavelengfh generellza+ion test at
the same time as the Ilne—filf generalizafion test (see Hirota et al..
1973). The<experimenfal group of the Baron and Vacek sfudy recelved
three orientations of the line ln three’ waveleng+hs on a Uhife

o

background. The control groyp received fhree orlenfafions of the
~white line paired with three wavelengfhs of fhe surround.” T;es, : }
~two dlmens:ons ware varled slmulfaneously during +esflng. -
Another possible shor?coming of fhe Baron and thek (1967) sfudy
was that each group was not equated for fhe number of salient feafures
to be discriminafed during training. " "The experimental gro;p, which
received discrlminafion +ralning on peesence-absence of a green B
vertical Ilne on a uhlfe background could learn fhe dlscrl-lnaflon
in two uays. Pigeons ]n thts group could have’ affended to colour and
.fhus learned the discrlmlnation onh fhe basls of - green versus tha absence

of green. The other way in whlch the dlscrlnlnaflon could .be learned

.

3
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- -

was 1f the plgeons affended to fhe llne ‘and d!scr!mlnafed fhe presence-

absence of the iine, The confrol group, fralned To dlscrlmlnafe fhe
bresenca-absencq of a uhife vertical line on a areen g%ckground c0uId
have learnaed the discrimination on the bas;s of the amoun+ of green.
present, Tha+ is, fhe two green areas saparafed by fhe white line as .
the S+ may. have been dlscr!mlnafad from fhe regative stimuius which -
consls?ed of a solid green aﬁaa. Houever from the work of Newman and -
Baron (1965) and Newman , and Benefleld (l958) it Is more likely that
the birds use the whife varflcal line as the dlscrlmlna+lve s?lmLIus,
‘fhus hav!ng one cue available fo learn fhe dlscrimlnafibn. The '

dlfferances in fha generalization gradients produced by the two groups

may be due to the possible confoundlng wavelength gen ra Izaf!on test,

or it may be attributed to the posslblli‘h/ “that each group Nearned -
the dlscrlmlnaflon ln a-d1fferenf number of ways. Hhen ng;ps are

equafed for number of foafures to dlscrlmlnafe equally steep gradlenfs

T may occur. leofa, Hllam and Ferenc (l973) tralned one group of

plgoons to dlscrlmlnafe the prasence—absence of a green vertical Iine
on a uhlfe background and trained a second group To discriminate the
prosence-absanca of a black verflcal Iine ‘on a.white background. Buring
fgenerallzafion along the angularlfy dimension, Hircta ef al. obtalned
oqually Steep gradlenfs; I+ should be noted fhaf fheir sfudy equated
fho fvo groups for the number of foafures to be discrimlnafed and +;a+

fhe wavoleng?h genorallzaflon fésf was omitted,
YN



‘So far, the previous's+udiés have exaﬁined attention through
éTimuius control .and the Inspection of generallzation gradients algég
some specifled dimenélon, The appfoach‘fo!$+fenf!on by $-R )eﬁrning
-fﬁeorisfs ihvojves the number of tralning frlals requlréd durfng 5
discrimination session and an examlnaflon of fhe arrors made to

comp t @x stimulus ‘components {Skinner, I938 Hull 1943). -, Examinlng
the role of percepfual dominance of ciies ln discrlmlnaflon tearning
has ted S- R learnlng Theorlsfs to predicf that Iearnlng occurs more
rapudly when relevant stimuli are presenfed In more than one modallfy
(Blodgeffi HcCuTchan & Mathews, 1949; Enlnger 5952 and Harren, l953).

Eninger (I?SZ) folloulnEiHull's 11943)'lmpllcafions, fralned rats in a '_ ‘ dﬂﬁ.
maze using an auditory, a v!ﬁhal, and a comb [ ned audlforf-vf%uul ‘
"dfscriminafion. The efficacy of the cbmbined-gfoup'pnoveq sﬁbarlor
) to elther of the two slngie co&ponenfs.,_Eﬁfnger‘explainedl{hese
. results in terms of a sumﬁa+lon'hyp6fhes}5, In vhléh.fﬁd hablt sfrengfh§

of the individua! modalities yfelded aTgreafqr ﬁve(a}l assocliative -7-.
sfréhgfh for fhe comblned‘mbdalifles.‘ Warren (1953) concerned himsel f
wifh the lack of evidance to support fheoreflcal impllcaflons of |
adding cues from dlffarenf stimulus dlmenslons within the same

‘modallfy. Seven rhesus monkeys’ were tested over a large number. of
ndisc.rimlnaﬂon ;irobléshs, “The relevant cues which differsd over a

series of proﬁlams uéfa[colour ), forn:t?). slzé (S), and fhelf . ="
possible b&mblhafléns (CF, Cs, FS, and:CFS). ‘Warren fbun3'+haf'cologr

*, ¢

\ -



was a dominent cue in the learning slfuaflons- colour catogorles
differing in sase of soluTlon. However, fha nunber of errors for fho
-problems did not slgnlflcanfly decrease - yhen eifher form or slze ware .
added to colour. In a simitar axperlmenf (Harren, 1954) it waé.agaln
'found fhat colour was a domlnanf cue but the monkeys vere capable of
learnlng The other relevanf cues, Thus, Hhrron 5 s?udles tend to supporf -
Baron s (1965) proposal fhaf colour 15 high on +he a#fanding hierarchy.
Thé experlmenfs by Eningar (1952) and Warren (l953 I954) wore deslgnad
,malnly to fesf Hulllan summaflon fheory, uhlch proposed that The1
compoundlng of modallflos results in more rapld learning than a single
component ln dlscrlmlnaﬂon problems Anofhar lmpllcaﬂon of fhese
studies was fha? sumna?lon of “the lndlvldual assoclaflva sfrengfhs gccurs
when sflmulus eleuonfs are: addad-. Thorefore, it was concluded that
‘anlmals often learn dlscrlmlnaflon problems more qulckly uhen mulfiple
sflmulus cuesrare avallablo. T .

Sufherland and Holgafo (1961) affempfad to oxplaln how a

-dlscrlmlna?lon ls learnad when fwo rolevanf cues are present, in terms -

" . of an attentional model. If two rolovanf cues are present, some

anlnals may affand to ona parflcular dlmenslon while other anlmals may
raffend to the other dlmenslon. Hhichaver dimension fha animal affends
~ to,.the problem can be solved in forms of ‘that dlmenslon. Thus, group
perfdrmance would show qulcker Iearnlng when two cues are relevant

than uhen ouly one cuo is relevant. When only one cue ls relevanf



r~ , ' ' . ) . . ' .‘ '0-

some animals may be atfending to an Irrolevanf dlmenslon. The time

. - e

»

it takes to swifch to -the appropriate dlmonslon reSulfs in slower

o

learning for the group. "1t is clear from the exparlmenfs done by

Warren (1953, 1954) fhaT‘h}s data fit more exacfiy wlfh The a?*enfional

model proposed by Sufherland and Holgate (1961) than with Hulllan /ﬁ\K

theory. The addiflon of cues of form and slze did not aid ln the learnlng

-

of the discrimina?uon colour had a more, dominant effect in deferninlng

what was attended to In the- +asks.

In summary, it has been suggested that when pigeons are
differenfially trained to discriminate the prasené?-absence of a green
varfical line they produce sfeep gradienfs (Baron & Vacek 1967, and
Hirofa, Milam .3 Ferenc, 1973). 1+ is not apparent whether colour on
the surround may in fact decraase attention to the Ilne during .
generalizaflon fesflng (Baron & Bresnahan. I969a). Slnce tralning
pigaons ina discrlminafion task on the presanceﬂabsence of a white
verfical line on a green surround has produced rellable gradienfs
(Newman & Baron, 1965, and Neuman .3 Benafleld |968) fha case for
lth attenuation of affanjlon 10 the line by the surround nay be : ..;
unwar n+ed It has also been sugges?ed that when more than one
: sflmudus cue s available in the dlscrlmlnaflon task, Iearnlng is

faclllfafed It remains to be seen uhefher varying the nunber of

stimulus cues in a dlscrlnlnaflon task, with sflnull lhich conslst

ot colour elther on a tg;}{cal line or on the background,‘affecfs the
< Ve



slope of stimulus generalization gr&dleﬁ+s.

" Because bf;?he possible confouﬁdlng wavelengfh gé%erali:a}lon '
test in the Baraﬁrﬁnd Vacek (l967)lsfudy, and because of the differences
‘!n the number of s?imulus features in both. grOups, it seems appropriafe
1o repllca+e their axperimenf confrolling for these variables. This would

: be advanfageous for two raasgns. Firsf it would prbvide ;urTher
Informaflon'for the effects of placing colour on the l|ne during
dlscrlmlnafion frainlng, and secondly, it lould provnde a clear
lndlcatlpn of the effects of dlffergnf number of cues on the slope of .
stimuius generalization gradients.
Putrpose of the Present lnvesflgafion

| The presenf sfudy. fherefore, was designed to repllcafe fhe\\‘-—~ '
,Baron and Vacek (1967) study without the genaraliza?ion test along the
wavelength dimension and to examlne generallzaflon gradienfs across
-2 greafar number of sflmu!l Baron and Vacek used ver#lcal (0*), 22.5;-
and 45° |eft of vertical as their test stimull. T;Is study expiores
those stimull of 22.5° and 45° right of vefflcallés wall as those
stimuel | raﬁorfed By.Baron and Vacek. It was also the aim of this
sfghy to examine ;he effe&fs of usan'dlf{erenf number of cues In a
discrimination task, having colour on the var*lcq} line or on the
response key surround. Four groupé of p!egons were used. Two of thase

groups were identical to the two groups used by Baron and Vacek (1967},

: o X
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and the other two groups acted. aS'conf}oIs. HITh the, addifional two
control- groups, it was possible to divide the four groups in such a way
.?haf two groups were equa*ed for two salient feafurps,_fwo grbups for
one salient feature, two gfoups trained with chroma on the line as S+,
and two grouﬁs Trainad ;lfh chroma oﬁ the surround as S+. All four
groups received decrim!naTion Tralning, wifh 5+ being el?her a
co!oured {green) or a ‘white key. Genaralizafion_fesfing was along the .
angularity dimension with, stimuli 0° (ver+lcal), 22,5° and 45° left or
}!ghf from vertical.
1t was%hypofheslzed that: - o S : . .
Group; confalnlng two sal!enf feafures will produca steeper

gradients than groups con?alning only one saliant foa+ure. ”

2. Groups having colour on the line were axpecfed to give steeper
gradients than groups with a coloured surround. \

3. The,group,confainrng two sallent features and hav;;g colour on

the line should produce the- steepest gradient.

'The independent variables in this inves?lgaflon were the nymber
of saliant features and the location of fhe colour, elfher on the

line or on the surround. The dapendent varlable was: the number of

responses made to the general ization test stimuli. -
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CHAPTER |1

Method

Subjects-

‘fhg §§_;a;e;30 male adult White Carneaux plgeocns and 2 adult male
White King plgeon;. All birds were equrimenfally naive. They were
raeduced to approxlmafely 75& (+ 10 g.) of their body wélghf by food
deprlvaflon, and maintained at this level fhroughouf the experiment. ~ °*

’ -

«-Water was available in Ss' home cages at all times.

: Appqr&tus -
. Two Lehlgh Vallay experlmenfal chambers for rats (Model l4|7) were
\ used. The IO 5 inch by 9.5 inch rat panel in each chamber was replaced
hy a panel confainlng a single I-in. diameter key, 8.75 ln. above the
floor: A 2-in. square faeder opening was locafed 5 in. below the key.

. The sflnull wore |ines abou+ 3/16th in. uide projqcfed on thae response
:“kay by Grason Stadler In-Line Diglfal Dlsplay Units. Colour was produced
‘on elfher the background or The Itne by the addlflon of a green Kogdak
_Wratten Fl]fer No. 13 (537-nm.) to each display unl?. The llnes were

projecled at tlve dlfferanf angular orientations ranging from 45'

counterciockwise to 45° clockwise from verfic&l (0°) in 22.5° steps.

White noise was conflnuously presented In the chambers vla 2 speaker

9 i

mounted on the wall. The feeder light replacad the housoilghf and

the koyllght durlng 3 sec. prosenfaflons of a grain mixture.



Procedure : . - ' )
‘ . . . B \)

Initial fraining, On Day l; Ss were randomly asslgnod to one of

four groups.' Magazine and key-peck training werelesfabllshed bf\aa//_.
successlve approximaflons. For each group, ‘the stimulus deslgnafed as S+
for that group appeared confnnuously on the key. Each S was allowed fo |
make 100 conflnuously rainforced responses, 50 on Day |, and 50 on Day 2,

Dlscrimlnaflon training. On Days 3-13 all Ss underwenf

di fferentiat Trainlng. On Day 5 reinforcemenfs were programmed on a
variable interval refntorcemenf schedule with a mean lnfervai of
30 seconds (VI 30 sec.). On Day 4, Ss were shiffed to a VI 60 sec,
schedQ}e and remained on this schedule for +he rema!nlng ten days of
training, For each _group, dai!y sessions of Training consisted of
thirty-two 55 sec. periods of S+ and Thir?y-fwo 15" sec, periods 04
S-lin ao ABBA BAAB sequencé. Raﬂnforcemenf did nof'occur for S=-.

For Group |, S+ was a green verTlcal Iine ocn a whife .surround, and

5=~ was a white surround; for Group 2, S+ was a white vartical llne on

a, green surround, 3nd S- was a green surround for Group 3 S+ was a

I"

" white vertical Iine on a8 green surround, and S- was a whife surround; and

_for Group’ 4, S+ was 2 green vertical iine on a ‘white surroung and S-

- Was a grean surround

Generallzaflon testing, . On each of Days 14 and 15, all 3s.

. -

recelved a warm-up session fol.lowed by a generalizafion test, The

warm-up session conslsfé% of 6 alternations of' S+ and S-. The test.

\
|

iy
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stimuli consisted of’fhe.five llné,orlenfa?ions of vertical and 22,5°
and 45° on elthr‘aldejdf the vertical of fha’frafﬁing stimulus for eath
group. 'Each sflmu]us'of 45 sec; durafiok appeared IO fimes durlng each
day of testing. The vertical line never appeared first during fhe test
days, and the stimuli were Presenfed in an’ incomplete counterbalanced

order, Testing was carried out under extlinction conditions,

Sfa+l5flcal1Analysls'

To provide answers to the hypofheses posed at the beginning of
this inves*igaflon -the analysls of varlance was ufilized to assess
.dlfferances for the maln varlables and the interaction effects, In
ﬁ‘fofal ‘one fhree—facfor analysis of varlance with repeated measures ‘and
24 fuo-facfor analyses of variance with’ repeafed measures were undartaken,
The fhree-fac+or analysis was performed on the discrimination
data; the factors being treafmen? group (A, sfimuli (8), fhat Is, S+

/

and S-, and days (C). The 24 fwo-facfor analyses represent al| posslble
comblna?lons of the four groups for each of fhe two days of Tesflng.

“

The analyses were performed on the overall absoliuyte” generalizaflon
"gradlenfs as well as on fhe left side of the g;nerallzafion gradients,
The teft side was examlned.independenflv to provide a comparison
’befwaen the present sfuay/and the Baron and Vaaek {1967) study, which
‘provided information for 0°, 22.5° and '45° left of vertical. In_each,

of the 24 analyses, the'tfactors were treatment group (A) and stimull (8),
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16.
repr‘é's’en'r_ing the various-line or;ienfaﬂons _qi:ri‘ng general izéﬂon, t;sflng.-
Thef interaction effect of Treatment x Stimuli (A x.B) represented "rhe

slope of the generalization gradients al'.l.d was the major effect examined.
The analyses were performed by a eombufer programme which ‘
required the use of equal N's. The programme was 'fhe Uriivasz‘y of
Windsor version of the University of Illino'is "éalanovaj 2." This
programe' handles repeated measures analyses t;_{f variance.

AN : -

U\,. » '
- " Ptd
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© . CHARTER 111 .
Results

“initial Tralning @~ -

Four birds requlrod aq additional day of training: Birds 1228
and 9065 from Group | and birds 5664 and 3065 from Group 2 recelved
magazine training only on Day ) of frainlng. On the second day. these
3s recolvod keypack 1ralnlng and . 50 CRF On Day 3, fhese four birds
‘ recelved 50 CRF while all other’ Ss of Group | and Group 2 rps?od.
‘ Dlscrlnlnaflon +ralnlng bagan on Day 4 for all blrds in Group 1

.and 2 only. "S5 In Groups 3 and 4 were run as.presented in Tho method

sochon of this papor.

: Dlocriﬁinarlo Ftning ' .
AII the Ss acquired the' dlscriminaflon. ‘Appendix A presents the
order of S+ and S- for each day of fralnlng for each’ bird. The
acquisition data for ?ha four groups for fhe fon days of discrimination
frainlng are contained In Appendlx B.  The mean response ratos to _
S+ and S- tg; discrl-inaflon training are reprosonfed graphically In ‘

Flgure ). Aiglscrlnlnaflon ratio (total pecks ?o S+. dlvldod by the .
"total pocks to S+ and 5~) was calculafod for the lasi day of

+ discrimination for all blrds (sée Table. l). Thgso rquOS'raﬂbed

: from 0.94 to perfocf dlscrlnlnafion (1 00) "~ The mean ratio value for

each group was 0.99 except for Group 1 uhlch produced a mean . .
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discrimination ratio of 0.98. &

| Table 2 presénfé'fhe results of a 3-factor repeated doasurés

. L

analysis of variance carrled out on fhe total number of responses made

to S+ and S- durlng fralnlng. An Inspecfion of Table 2 raveals fhaf

1hara were 1hraa significant F ra+ios two for the nain effecfs of

Sfimull (B) (F=396. 24 df=1/28, p'( on and Days~(C) (F=26, 32, df*9/252

j)( OI) and one for the inferacflon effect of S*lnuli x Days (A x B)

(F=27. 73 df=9/252, p'< Cl). The Iack of a signlflcanf Group (A)

maln effecf indicated ‘that the four groups did not dlffer in gwerall 4

number of resposnes mado during dlscrlnlnaf!on. The absanceiof a

signlflcanf interacfion effecf of Gnoup x Days (A x C) (F=0 7%,

‘ df-27/252, p> 05) ° lndlcafed that the groups did nof dlffer in response

rates over the training sessions. Thus, - thls data suggesfs that tho fout

groups ?esponded during discrimination fralnlhg equally lall..

Ganeralizaflqn Test _ .

fhe order;of prasenfafion of fhe'flva5¥as+'sflnull for each da*‘
of . testing 1Is presenfed in Appendix C. The mean total responses to
the five tost st!null were calculafed for all four groups. Appendlx D

a ] s

coufains the means for the four groups for Day l of testing and

" Appendix € contalns'The moans for Day 2 of fosflng. The means were.

"also reprasenfed graphically for-the two tesf days. Flguro 2 ropresenfs

' the absolufe genorallzaflon gradlonfs for Day 2 of fasfing.

1

-5

‘4'::‘_



» B " TABLE |

Mean Discrimination Ratios for the Four Tfalnlng Groups for the

Last Day_of Discrimlnation Training
, - _

-

Group 8 . Ratio

| | . 0.8
2 | 0.99 °
30 _ 0.99
4 - : 0.99

,‘*.D

~

A separafe analysis of vnrlance with repeated measures was

. performaed on foal number of responses of all four groups to all
generalization test stimudi for both Day | and Day 2 of +es+lng

(Table 3 and 4, respecfively) and - for +he stimull on the left side

{

of the gradlenf (Tablo 5 and 6, respecflvely) The mean square error

M58 X subj. w. groups’ for each analysls was uflllzed to caiculate

fhe maln affect of S?Inull (8) and the Interaction g}fecf of Group x

Stimull (A x B) for all correspondlng anaryses of variance for all

Ll

possible conblnaf!ons of palrs of groups on each test day, This
'mean square error ferm was used because it Is a better approximation
of the population mean square error (Nlner, 1962, p. 209).

" On Day I.of ganorallzaflon testing, analyses of varlanca wlfh

E-]

_repeated noasurbs porforned between ail- posslble comblnaflon of the

Y

Q +

Ll



TABLE 2

-

Analysis of Variance of Mean Number of Resp&:nses Per M_Inufe

4 _ to S+ and S—‘During' Discrimination Training

Sofrce - | ‘) ss Cdf MS F

- 2 “, ‘
" Between subjeé+§ ' N
A (Groups) épé;so 3 300.68 0.24

7 Subj. w. grquﬂé 3441257 28 1229.02

Within subjects 3\

B (Stimuli) '4I7358.BI' | 417358.81 396.24 **
- 1849.18 3 616.39 ©  0.58
B.X subj. w- groups 29492.1? i~ 28 1053.29 ' ;

C (Days) !I309.89‘ 9 1256.,65 26,32 **
AC - t 915,70 .27 390 b;;;?;
C X subj. w. groaps 12028.86 252 47.73 ol
8C. ' . 10988.43 9 1220.93 ) . 27.73 =
ABC. | | . 1109.12 27 a1.07 0.93
‘BC X subj. w, groups 11093.50 252 - 44,02 A

** 5<.0t , , S .

: . -y
. , _
o / *
| .
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-RESPONSaS : PER MIN)UTE
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|23456?89IO
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Fig. I. Noah number of responses per mindfo to S+ and $-

- during d.l#crlnlnaﬂon training.



21,

TEST ONE

600k L GROUP |
o - 0—0 GROUP 2
- O-40 GROUP 3

v-¥ GROUP g
400 | |

N
O
O

MEAN NUMBER OF RESPONSES

(:j | '3 FANN | n N
45° 225° O° 225° 45°
ANGULARITY

Fig. 2. Absolute generalization gradients for .
5 . _

the four tralning groups for the flirst

‘ day of generalization testing.



'MEAN NUMBER OF RESPONSES

O

TEST TWO Q
Y .. - & GROUP I-

00 GROUP 2 -
-0 GROUP 3
V-v GROUP 4

45° 22.5° 0° 225°45°

ANGULARITY

Fig. 3. Absolute generalization gradients for :
T, . -

"fﬁg four training groups for the second

. . “‘ﬁi‘ .
day of generalizatioh testing.
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TABLE 3
Analysis of Yariance of Total Number of Rasponses for Al Tralning '

Groups to All Test. Stimuli on Day l of Genorallzaflon Tes?ing

Source | SSL 4f NS '_ f

Between subjects i - - \ . |

A (Groups) 161648.38 3 53882.78 2.05 ..

‘Subj. w. groups 733797.88 28 26207.06

Within subjecfs : : | \ a

B (Stimuli) 1266I33‘.00 4 316533.25 ¢ 7344 ww

AB | 55301.00 ° |2 4608.41 o7

8 X Subj. w. growps  481389.00 112 a298.11 - ¢
~

*. p* .05

!l_p<‘_0| ’ . . : ' p
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TABLE 4 , R o
Analysis of Varlance Lof Tofal Number of' Responses for All Tralning
\

Groups to All Tes+ Sﬂmu!l on Day 2 of General izahon Tasfmg
Source S T F
Botween subjects o :

A (Groups) 77617.00 3 . 25872.33 2.70
Subj. w. groups \ 267633.94 28" ' 9558, 35
A ' .
Within subjects .
B (Stimul)) o 1043522,80 4 260880.69 76.89 ==
AB. ' ' 107236.00 12 -~ 8939,66 .2.63
B X subj w. groups'  379965.00 2 t- 3392.54
» p< .05 ' . - t N
LI IY
N
e



TABLE 5

’ T 25.

Analysis of Variance of Total Number of Responses for All Tralning

%

-

Groups to: Left Side of Gradient on Day | of Genera!lization Testing

§S

4663.55

. Source df ° MS F ’
. . .
Between subjects .
A (Groups) 12435763 o 3- - 48119.20 3.9 ¥
'subj;. w. groups 42144_6.59 28 | 15051.66 .
~ Within subjects, o .l\ ‘ . .
B (Stiu_:u‘ll) 885208.75 2 4426@4.37‘ 94.90 *
A8 © 35202.62 6 5867.10 1.25
"B X subj. w. groups 261159.00° - 56 '

- % p( .05

® < _'ojl -



Analysis of Variance of Total ﬁdmbar of Responses for All Training |

-

TABLE 6

.26,

Groups to Left Side of Gradient on Day 2 of General ization Testing

Source

' 240790,00

4299.82

- ss df MS

Betwean subjJects | "

A Groups) © | Basar.se. 3, 28182.52 2.94
Subj. w. groups 26827888 28 9581.38
Within subjects | |
B (Stimuli) 778831.13 2 389415.56 90.56 **
AB - 92077.31 . 6 15346.21 3.56 =
B X Subj. w. groups '

® p<.05

E 1) p< 'Ol a

-~



‘ TABLE 7 -
Analysis of Variance of Total Number of Responses Yo Left ,
Side of Gradient on Day | 6f General tzation Testing

for Group | and Group 2

T

Source ' : SS - df

} MS . F
- Between subjects _ ‘
A (Groups) 8952750 . 1 . 89527.50 6.05 *
Subj. w. groups  206984.44 - 14 - 14784.60
) \ : <
Within subjects ”
8 (Stimul i) | 573958.25 2 . 286979.12 61,54 *.
B S Im3.aes 2 3856.62 0.83
B'X subj. w. groups 261159.00 . 56 <.  4663,55°
N
. < ’
* 5 <05
il p'60| i
;.
6
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- TABLE 8

28.

Analysls of Yariance of Total Number of Raspopses to Left

Side of Gradient on Day | of Generalization Testing

for ‘Gr'oup 2 and Grbup 3

Source - sS L df MS F
-Between suygcfs
A (Groups) 94696. 18 1 94696. 18 6.19 %
Subj. w. groups 213910.25 14 15279.30
llﬁ\ in 'subj_t-ach | .
B (Stimull) 454851 .87 2 227425.94 48,77
o 14947.93 2 7473.96 1.60
" B X subj. wi groups .56 4663.55

261159.00

* p<c.05

RPN R



1 o . TABLE 9

Analysis of Variance of beai_Nuubar of Responses to Left

Side of Gradient on Day .| of Generalization Testing

-

fbr‘Group'Z and Groﬁp 4

29,

Source 55 df MS
'1
§e+ween subjects | )
A (Groups) 103694.88 | 10369488 7.23 # =
Subj. w.. groups 200785. 19 14 ' asanes
Within subjects | | | | '
B (Stimuil) 425970.44 2 212985.19: 45.67 *»’
A l02£_!4.68‘ 2 . s 1.10
B X subj. w.,groups  261159.00 56 4663.55
£ <.q5\ '
* <;OI
RN )
X
. ,.J-AJ )
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. TlBLE o

Analysls of- Variance of Total Number of Rasponses to Al

" Test S'Hmll on Day 2 of Gdnerallzaﬂon Tesﬂng

T s

for Group l and Group 2

"

L)

*p <05

** p %01
R

Source . - sS df MS

P . ! A ’

Between subjects

A (Groups) 35279.88 4 35279.88 3.6l

Subj. w. groups  136639.69 {4 19759.97 N |

Within subjoé:fs “ | | . | o

B (Stimuli) | 754992.69 4 188748.13 5564 3
AB :f - ' 61350.93 4 1533777 4,52 #=
Bx subj. w..groups - 379965.00 Lz -3392.54
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N

Analysis of Variance of Total Number of Raéponses to Left

TABLE I}

7

*

Slde of Grad'ient on Day 2 of Generalization Testing

for Group | and Group 2
. ) \

Source i .. = s df M3 F
Batween subjécfs ) ‘
A (Groyps) - —\  38420.05 1 38420.05 .. 4.42-
| i
Subj. w. groups’ " 121628.8I 14 8687.76
. . . -:*‘_c-‘ ‘ - .
Within subjects
B (Stimuli) 51726113 . 2  288630. 56 67.13 **
A8 - . 54683.87 2 - 27341.93 76.36 **
B'X subj. w. groups  240790.00 56 © . 4299.82
* p <.05 .
** p <.OUI ' | ‘\ A
.
- ) ) \-
t - -



Analysls of Varlance of beal Number of Responses +o All‘

TABLE 12

Test Sfinuil on Day 2 of Generalizafion Tesfing

for Group ! and GPoup 2

85,

379965.00

2

Source af M F
Between subjects _

A (Groups) 732.04 - | - 732.04 0.12
*Subj. W.groups 82014.68 14 5856.19

Within subjects | " -

B (Stimuli) 565421 .75 4 kﬂ5\7\341355.44 _ 41.67 *=
AB . 39255.75 4 983,93 2.89 *
B X subj. w. groups e 3392.54 | |

* p <05
= 5 <0l

-

32,
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TABLE 13

®

Analysls of Variance of Total Number of Regponses_fo Left
. ) R & -

Side of Gradient on Day 2 of Generalization Testing

for Group I and Group 3

L4

.G
Pt

¥

33.

?54
Source . ss ot MS' F
_ﬁefwaeﬁ subjects | . ‘ |

“A (Groups) 645.33 1 645.33 0.09
Subj. w., groups ofl49.68 14 6724.97 '

Within subjects ' | ' "

}B (Stimuli) 4#896!.38‘ 2 q%zzuao.éq 52.21
B . 39170.68 2 19585.34 455w
B X subj. w. groups 240790.00 56 4299.82 ~

ra .. | | :
\/ '
* ps.05
* < 0] "
~



Analysis of Variance_ of Total Number of Response§ to All

& Test Stimuli on

TABLE 14

Q

Qi:f Generalization Testing
.for p 1 and Group 4 .

o

)

¢ -
‘Source ss df MS F
‘ S 4

' Batween subjects

" A (Groups) 4867.19 3 4367.19 0.60
Subj..w. groups  112006.56 14" 8000.46

*Within subjects | .

B (Stimull) 548319.13 dﬂ 137079.75 40,4 ==
AB 44210.68 4 11052.68 " 3,26 %
B X subj. w. groups  37796.00 12 | 3392.54

500

4
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b

Side of’ Gradlenf on

Analysls of Variance of Total Number of Responses to LeH'
t(Day 2 of Genaral Izaﬂon Testing

for Group | and Group 4

il
;
Source sS4 ms F
Betwean subjects . ' » 7 .
* A (Groups) 5525.39 ! 5525,53 0.54
Subj. w. groups  140954.69 . . 14 10068.19 -
Within subjects |
B (Stimali) - = -447796.25 2 1223898.13 | 52,07 =
‘a8 ~ 4294475 2 . 21472.37 - 4.99%
' . -~
B X subj. w. groups  240790.00 ) 56 . 4299.82 '
* p <05 - & -
e P <:0[ A ) ‘
- & -
\ .
A | i
- $
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A\
. TABLE 16 R
Analysl.s‘ of Variance of Total Number of Responses to All .
. ) " » ¥ . ]
Test Stimull on Day 2 of Generalizatioh Testing '
for Group 2 and Group 4 R

Source ' o 8§ df MS F .

Between subjects . ]

A (Groups) - 66355.12 ' 66355.12- - 5.0p *
Subj. w. groups 185619.88 © 14 13258.56 '
Within subjects

B (Stimuli) . 511987.87 4 127996.94 37.72 #x

AB © 34136.50 4  BS34.2 251 4
‘B X subj. w. groups - 379965.00 M2 3392.54

* p<.05 ' S v
%% p< 0]

L

\
\,_/ | s - =\
\
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TABLE 17
Analysis of Variance of Tota! Number of Responses to Left
Y e
-Side of Gradient on Day 2 of General ization Testing
o - for Group 2 and Group 4

S‘ourc:t‘aal Ss df - NS E
Botween shbjecfs
A (Groups) 73085.81 1 73085.81 5.87 *
Subj. w. groups . 174129.56 - |4  12437.82
Within subjects
B (Stimuti) | 362221.94 2 181110.94 42,12 =

rd

a8 ©o20554.31 2. 10277015 2.39
B X subj. w. groups  240790:00 56 4299.82
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"TABLE 18

for Group 2.and Group 3-

- o Analysis of Yariance of Total Number of Responses to All
~ Test Stimull on Day 2 of Gg%arailzaflon Testing

'-}Source

SS

df

UA;: ' ' A-(Grbdps)-

Subj. w. groups

Hlfhln.sggjecfs
B (Stimll)
AB

Between subjects

. 46175.92

., 155627.69

523895.44
34376.68

14

4

4

B.X subj. w. groups  379965.00 112

.

46175.92

C1H116.26

130973.81
8594.17
3392.54

4.15

38.61 %

.2.53
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TABLE l§
“Analysis -of Variance of Total Number of Responses to Left
Side of Gradient on Bay 2 of Generalization Testing

for Group 2 and Group 3

<§§§§ Source | SS af - " wsT F
Betwesn subjects . _ -
A (Groups) 49023.90 1 49023.90 = 5.39 %
Subj. w. groups  127324.75 14 - 9094. 62 )
Within subjects L e e
B (Stimall) 353871.06 2 176935.50 . 415 e
Y S | 26296.25 . 2 1314812 . 3.06
B X subj. w. groups  240790.00 56 429982 |
/
. ® p< .05
‘w2 pe Q) ;
! . -
@ FJ
.



four groups provided no significant infefac+lon effects of Groﬁps‘x
Stimul]l. (A x B). %ﬁerﬁfoi&, no dlffgrences'in the siopes of the
ove;all gradients or the left side of the gradlents occur;ed on the
tirst day. No +r§a*nenf effécf of Groyps (A) occurred for fhe-overall
grgdlenfs on Day 1. Hogever, éroup affects dydtoccur on the left side
of ‘the gradient in three cases. Group 2 produced a'signlflc;nf Group (A)
.affect ft-)r the left side from Grgup I', (F=6.05, df=1/14, p <.05). \Thls ]
analysis is pmserifed_, in Table 7. A slgnificant Group (A) otfect
indicates that Group 2 rq;pon;ed at a higher rate to fhelsf!mull on
I the left side as compared wl?h‘éfoup I.I’Thls effect also occurred with
Group 3, (F=6.19, df=1/14, p <.05) and with Group 4, (F=7.23, df=1/14,
P <.05). These analyses are presented in Tables 8 and 9 respectively.
’ a It Is cloar from Flgure 2 thaf Group 2 dld produco a hlgher response rate
- " for fho Tott sld; on Day I of fesflng. Slgnlflcanf main effects of
Stimuli (B) occurred for all analyses parforned on fhd data from fhe
first day of testing as uoll as the second day. This effocf lndlcafes
fhat no group produced a flé; gradient, and that the number of responsas
dlfferod befwean sflnull.~ ‘ | .
Day 2 of genorallzaflon testing dld produce slgnlf]canf In*erﬁc;loﬁ
effects In the generalization gradlehfs of the four *roafnonf groups.
‘Tb test the hypofhosls whafher Group i, tralned wlfh two features and
chrona on the fine, would produce the sfeeptsf ‘gradient, three analyses
of variance with repeafed neasuros were conducted on the overall

. | o o Ny | -

A
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gradients ‘and fhroo‘analyces ware conuucfeq on the left slue of the
generalizafion.gradlenfs. The firsﬁfoverall analysis on The:absolufe .
' generalizafion gradients was perfor&eq on the data for Group I and

- Group 2.. The outldine of this analysis Is presented In Table Lo. Thene;

| was a s:gnlficanf interaction of Group x Sflmull (A x B) tor these two

groups (F=4,52, df= 4/l12 p‘< 0l). - This diffarence was also signlflcanf ’
for the left slda of fhe gradJenT (F=6.36, df=2/56 pl. OI) These

analyses presanted a comparison with the Baron and Yacek (l967) sfudy -

and the resu!ts tend to supporf their finding.

A second overall analysis of variance examined the effecf of

equating number of tfeatures for two groups " although nof equafed for

location of colour, alther on the llne or the surround This analysls

was carried out on the, absgiufo generailzafion gradien?s for Group |
land Group 3 and the oufcome of fhe analysls Is presented in Table 12,
There was a signlflcanf inferac*lon effect of Group x Sflmull (A x B)
with Group | producing the sTeapesf gradlenf (F=2.89, df—4/ll2 p<. 05).
An analysis performed on the teft side of these gradlonfs also produced
a significanf interaction effecf (F=4.55, df=4/28 p-< ol), Table 13
shows fhe oufcome of that analysls. I+ appears from +hls result -that
since both groups wore equated for nquer of feafures, the dlfference '
that occurred may be due to whether colour is situated on the Ilne or

on fhe surround. An inspection of Figure 2 reveals that It is colour

i
—\.n-u-‘.. - ("

on the line that produces the steepar gradfénf

. P
- - . . .
.



The third overall analysis examined fhe effect of deferlng the ‘
number of features for the two groups buf equafing the fwo groups for,
chroma on the 1ine as S+ during fraining. This analysis_was conducfed )
on .the test data for. Group | and Group 4 for all flve test stimuli. and -
the result is prasenfqd in Table 14. There was a signiflcanf interaction
effocf (A x B) with Group-1i agaln producing the sfeepesf gradlent (F 3. 26
df-4/ll2 p<. 05). An analysis on the teft side of the gradient also
showed a significant interaction etfoct (F=4.99, df-2/56 . P <.05) as.
prasenfad in T%ble-lS These’ rosulfs suggas? fhaf when ‘both groups are

a

equafod for having chro-a onh the Iino, fhe group trained ui*h two

sal ient feafures produces a sfaeper gradienf fhan the . group fralnad e

. with. one salisnt feafura.

Tb further examlna the effects of/placing chroma on the Iine or
the surround and varying fhe number of feafures, an- analysis of varlance
was parfornod between Groups 3 and 4." Group 3 confulned chroma on the
surround and two features. Group 4 confolned chroma‘on the line and
one salfonf feature. During genornllzaflon fesflng, the two groups
produced almost ldentlcal gradienfs for the SOCOﬂd day of testing as
- shovn in Flgure 3. The Interaction effect for this analysis was nof ‘
s!gnificanf ol ther for the overa!l gradient or the teft side (Fc.l);-
From this result it seeas that when birds are frainad with chroma on
“the surround and two features, the treatment Is Identical to being

fralnod with colour on the line and only one feature. However, from

o




-~ this infonna'l'ion H' is dlfficulf to predict. trheﬂmr, for Group 3, the

presence of two fea‘rures nay have lncroased fhe slope of the gradlen'l* to

resemble Group 4, or whether chroma on fhe surround produced fhis effecf

i Tharefore 2 subsequenf analysis befwoen Group 2 and Group 4 50ugh1- to

distinguish between these two al‘rernaﬂvos. ln fh!s analysis ﬂ\e two
groups were equa*l'ed for oonsisﬂng of one feature, and differed for.

locaHon of the colour; Group 2 confainlng chrc-a on the surround ;.md
Group 4 con'l'amlng chm-a on the Iine. The Inferacﬂon term for the

analysls between. Groups 2 and 4 showed a signlfican‘t dlfferenca (F=2.51,

df=4/112, p £.05) (see Table 16). Howaver, the, Interaction effect was =~ -

(F=2.39, df=2/56, p).OS) as Table 17 indicates.

4

The. final . analysls to be discussed examined the aeffect of

'equaﬂng chrm%m 'rha surround but var-ying the mnber of features

‘ durlng training. The analysis was carried out on Group 2 (one feature)

and Group 3 (two features). The rfesulrfs for that analysis: for ﬁm :

overall gradient and for the left Side are presented in Tabies I8 and 19

respecfive_ly. A slgniflcanf inf"era‘cﬂon effect occurred for the oﬁér;aII,

gradient (F=2.53, df=4/112, p<£..05) but not for the left side (F=3.06,

- df=2/56, p >.05). From Figure 3 it is evident that H was Group 3 ﬂm

produced the sfeeper general lzaﬂon gradlont'.‘ Thomfore, when oqua'tod
for chroma on the surround, one feature pmduoed a steeper grad!onf

than two features. This Is oonfrary to the predlcted offocf

v '.:“-_I
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. CHAPTER 1V

Discussion

in mosf cases, the resulfs of the present study tend to

support fhe hypofheses. One axcepflon that occurred vas with respect

. to The hypothesis that groups trained uifh a green verflcal line would

‘produce steeper gradients fhan groups frained uifh colour on the

) & .
surround: no differenco in slope of the generallzafron gradients

occurred between Group 3 and Group 4
« The presenf sfudy dld not produce clear—cuf differences in the

ect of placing colour on fhe Ilne or on the background, varying

e number of faafures. Group | and Group.d were bofhlfrained with a
green vertical line as S+, but differed in the numbor of ways in
uhich to learn ;he dlscrlnlna+lon. Since Gnoup l and Group 4 were
equated for colour on the Ilne,.any differences in slopé of the
goneralltaflon grhdlen?s could be attributed to the fraining conditions.
Group 2 and Group 3 were equafod for colour on the Surround and any
dlfizabnce in those generallzaflon gradlents could also be attributed
to the nunber of foafuras presenf during frain1ng. Looklng at Group 3 -
and Group 4 it was pradlcfod fhaf Group 4 uould produce a sfoeper
gradlentTEecause it confained chroma on the line. The actual resulfs

revealed fhaf the two groups were almost Ide%flcal in the shape of

thelr gradlenfs. " This finding indicates that circumstances do exist

44,

[



when 1'he Iocaﬂon of chroma, eifher on the 1ine or the background
does no*l' produce dlfferences ln 'tha slope of goneral Izaﬂon gradlenfs
The oondlﬂons ln which fhls occurs seems to be the caso is when
*raining occurs varying the number of feafuros presenf during
dlsr:rlminaﬂon +ralnlng. Other msslble conditions may also occur
but must be del Ineated uH‘h furfher sfudy.
Nevman and Baron (I965) trained one ot “tour groups of plgeons :

to dlscrimlnafo fhe presence~absence of a whl‘ro verﬂcal llna on a .*
green Surround as S+, and a red surround nl'rh the line absent as §-

(Group 2. Examlning fhe dlscrlnlnaﬂon da'fa for fhls group, it Is
: clear that fhe birds: learned the dlscrinlnaﬂon on the first day of
fralning, with: abouf 92. 5 per cent of the total rasponsof; made to S+,
Durlng general lzaﬂon 1es+ing, houever a flat gradient occurred along
the angularl'h/ dlmanslon. ‘Baron (l965) ooncludod that lhen givhn a
.complef_sﬂmulus, consisﬂng of colour and a verﬂcal Ilne the colour -:.
e_llamiant.was attended.to more readity than the.line. - .The presan't _
exparimn:t consisted of a group that -ighf be oo-pared ui'r‘h Group 2 of
the Newman and Baron Sfudy. Group'3 of ‘I'ha present study was ‘trained
Yo dfscrimlnafe a white varﬂcal {ine on a groon surround as S+ and o
a white surround aas S=. “The blrds In this group could have Iearnad
the discrlnlnaﬂon on: the basls of the presence—absence .of fha verﬂcal
lma, or by dlscrimlnaﬂng ‘on fho basis of colour. as-did the Ss in
Group 2 of .the Newman and Bunon sfudy.. The generat ization gradlonfs
- : o - :

-1
‘|



for fhls group indicates fhaf colour could be seen as a relevant dimension ‘
during discrimlnafion as well as ‘8 dominant feafure (Baron, 1965), If Ss
in this group attended to the colour dimension during training, then .

‘ genaralizafion fesfing should produce flat gradlenfs along angularity,

‘Buf this was nof the case. Therefore These results cast doubt upon the
perceptuai affending hierarchy fheory which assumes that colour Is hlgh .
_ln ‘the attending hlerarchy of the p?geon.‘ S}nce the co:our of S= (white)
was the same as fhe verflcal Ilne of S+ as opposed to the difforenf
_colour (red) ln the Newman and Baron sfudy, a confounding result may

have occurred. -The tests used [n this experimanf were not sensitive .

"fo this posslbilify. | '

: Baron and Vacek (l967) obtalned- d!fferences in The slopes of '
generallzaflon gradlenfs on the flrsf day of testing buf not on the.

second, The present study found that signlficanf diY!erences in fhe

slopes of the gradlenfs occurred on +hq second day of testing but not b
on the first. Newman and Bhron (¢ 1965) raporfed that +helr Group |

(fralned wl?h a white vertical ilne on- grean as S+ and a plaln green

key as S=) showed greqfer confrol by angularffy on the socond day\of
fosfing. The prasonf sfudy produced the same effecf and Is also in \\\
-accord with Clurkson (1970) Honig, Boneau Bernsfein, and Pennypacker
. (1963) found fha+ 2 sfaep generallzaflon gradlenf occurs lmmedlafely

atter dlscrlmlna#lon fralnlng and flatfens later, However, procedural

differences ba?woen fha Honlg et al. study and the present study may
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lead to this contrary effecf.‘ . ;

. Many outcomes of the present Invesflgaflon have been explalned
In terms of colour on the f?he produclng sfeeper gradlenfs than a
‘coloured surround, or two features during dlscrlmlnaf}on traing
producing steeper gradlenfskfhan.one‘foafuéﬁ; As v&s ment ioned ear| er
-in this paper, birds may respond Qﬁ the basis of.dlfferﬁnces In afba
of cofouqaelemenfs. For example, Group 4 coula have learned fho -
.dlscrlminafion on the basis of a sdel amount of groon (the verflcal
line of S+) and a large amount of green (the ail greon key of S=),
Therefore, sflnulus alamenfs may be placed in a hlerarchy arrangenenf
due-to the ralaﬂve size 6f these ele-enfs on the vetinal fleld
(Baron 1965) Tha resulfs show that gradienfs were obfalﬁhd along
;The angularlfy dimension, Indicatlng fhaf birds affendad to llno it
during tesflng. However, the blrds nay hava affended fo both the line
and to’ fhe colour during training but this can only be deilneafed with
a furfher experimenf. ‘ .

The present experiment was dbsfgned fg reconclle some sariier
inconsistent tindings In the nfe‘rafure. “This sfudy revealed that a
groups of pigeons trained wlfh two featurés and. colour on- fho line -

- produced sfeeper gradlenfs fhan groups frained with colour on the
surround or one feature, as well as two faafures and colour on fhe 1lno
and one féafure. However, it may be premature to conslder experlnonfs

!

" in whlch the number of feafures or the sallence of feafures is
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“manipulated. A wide range of possible’ ‘stimiil exist which may be

*

a'H'ended to, such varlables as loudness frequency, brightness etc.
The results of many studies utilizing 'rhese-variables are not always

consistent (Honig, 1970). Care must be taken in’ Judging the rallabilH’y

. of many of these ;esulfs. Baron (1965) reallized many of 'rhese A

problems and suggested further research be done to determine positional

arrangements of stimulus elements in an attending hierarchy, as well as

t

"to examine those Independenf-var]ables which méy modify. this

arrangement.



APPENDIX A
Order of Prasentation of S+ and S-

_During. Discrimination Training‘
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10,
1.
12.

13,

- 14,
15,
16.

7. -

18,
19.
20.
-21.

22, .

23.
24,

25.

26.
© 27,
28.
29,
30.
31,
32,

Order of Presentation of S+ and-S-

During Disctiminafion-Tralnlng

33.
34,
35.
36

3700
38.
39, .

40.

©-at,

42,
43,
44,
45,
46.
47.
48.
49,
50.

51,

52.
53.
4.
55.
56.
57.

58.

59,
60.
61.
62,
63.
64.

5-
S+
5-
5+
S+
G-
5+
S-
S-
5+
S-
S+
S+
S-

S+

S_
S...
S+
S-
S+
S+
S~
S+
S_
5-
S+
s_
S+

.S+

S-
5=
5+

50.
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Responses During_Discrlmihafion Training
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APPENDIX C

Ocqer of Presentation of'SfimuIi

Ouring General lzation Test

. : \.
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2.
3.
4.
5.

6. .

7.
8.
9.
10.
il.
12,
13.
14.

6.

7.

- .. s,
: - 9.
20.

21.

22.

23.

24,
25.

1\

S~

Order of Presentafion of Sfimull

22.5°
0°
22.5°

45.0°

45.0°

45.0°
22.5°
22.5°
45.0°

- 22.5°

22.5°
45.0°
00
45.0°
45.0°
22.5°
00
22.5°
45.0°
22.5°
00
22.5°
45.0°
45.0°

During Generalization Test

lgff

right
left -
i ght

left
left
right
right
right
left

left

right
laft -
right

left
right
left

righf'

left ,
right

- 26.
27.

28.

29,

30 -
30
32.

‘33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45,

46.

47.
48.
49,

20.;

0.
45.0°

" 22.5°
22.5°;

45.0°

22.5%

22.5°
45.0°
09
45.0°
45.0°
22.5°
. 00
22.5°
45.0°
22.5°
22.5°

45,0°

00
45 - 0'
45:0°

22.5°

00
22,5°
45.0°

“left
left

right
right”
left

left -

.right
left .
right

left
right
right
left
left .

right
left
right

loft
right

right -

ta
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APPENDIX D
Responses’ to Stimuli During Generalization Testing
. ) for Test Qay One )
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59,
I . ) . .
) ,
Resbonses“. to Sf-imu_lj Durir'rg"éénaral'ibzaﬂon'Tesf-i-"n-g‘; :
‘ ) "f;;"'Tesf Day One ‘ l
Group S#% | 45°L 22.5°L .- @° 22.5°R"  45°R
L. one22 130 348 a8l sz 140
| s se 116 182 169 - 104
1 'f 1099 -~ 150 132 08 2000 92
. 065 10 3 . 24 23 23
o 965 87 1 221 425 384 131
K a iooso 68 . 186 - . 369 . 293 3|
I 1259 4 175 259 TR T v
| 1239 24 289 w01 304 88"
. TOTALS 529 ° 1510 . 2709 7007 728
MEANS . . 66.12 188.75 338.63 250.87 91.00
c R L ,
| ;
: v ;
. ) "
- s K
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. Responses to Stimull During General ization Testing

for Test Day One

Group S# 45°L 22.5°L  0°  22.5%% aseR
.2 5664 234 37 631 . s67- 138
2 333 g3 267 370 366 282
2 3065 48 388 . 356 239 3
2 11852 106 386 443 380 %09
2 . 663 98 309 o5 84 . |
2 686 . 117 217 - 303 258 57
2 661 234 ° . 396 458 347 260
2 1229 144 o4 261 237 106

TOTALS 19 2684 3218 2465 1087

MEANS ' 139.88 310.50 402.25 308.13 (35.88



Responses to Stimuli During Generalization Testing v

for Test Day One

Growp  SF  45°L_ 22.5°L  g°  23.5% asem b
3 oot © 55 181 218 170 94
54002 2712 368 406 4sa 207
3 5643 U176 160 270 125 © 65
5 nes a2 20 337 249 85
5 127 43 o0 458, - 372 - |55
3 298 a6 is2 171 110 78
3 1233 38 213 '35’-. 249 231
3 658 17 61 269 I3l .. 34

TOTALS - T6L . 1442 2480 1850 949
MEANS . 795.88 180.25. 310.00 231:251-'118. 3
..j )
- \



Responsés to Stimuli During Generalization Testing,

for Test Day-Ona

Group ' SF’  45°L 22.5°L  0°  22.5°R  45°R.

4 9686 66 358 509 419 121
C4 oz g 295  425. 317 148
a 10516 43 121 125 to7 23
4 10080 - 145 206 , 276 gli . 126
s 1228 e 129, 16{ - 187 86
4 °  8824- - |05 255' 252 293 - 127N\
4 1274 65 185 277 274 148
4 8822 141 175 143 129 97
TOTALS 670 1724 219 . 1937 g2
" MEANS 83.75 215,50 278,50 242.12 102.62
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APPENDIX E
Responsas to Stimull During. Generalization Testing

for Test Day Two

P



Group

ey

4

: - ] "
Responses to Stimuli During Generalization Testing

sf
I'no22

1228

1099

9065
965

10060
1259

1239

' '.fof Test Day Two
e y wo.

bq

45°L  22.5°L 22.5fﬁ'p-45°R
7 68 287 110 !
6 21 .|4p “'54 lv
5 13 240 s54. 66
0 13 294 1z 21
'8 49 238 - 106 10
] 53° 311 196 8
4 213 387 99 8
0 62 434 98 23
32 492 ¢ 2331 844 - 148
4.00 61.50 291.38 qoS;SQg 18,50,

64.
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. TOTALS

MEANS

Responses to Stimuli During Generalization Testing -

686
661

1229

45°L  22.5°L

for Test Day Two

0°

22.5°R __ 45°R
30 339 48 232 1S
86”247 439 208 o -
as 257 159 109 6
20 124 153 63 - a6
a 173 278 8 0
& 208 330 127 32 o
66 202 I%s 08 51 )
18 127 ss s 20 . L
269 1687 2251 1053 261
133.63 32.63

210.88  282.13 131.63 .
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Besponses to Stimuli During General ization Testing

for Test Day Two

oo

Group S# CasoL 22,50 - 0° _ 22.5°R _ 45°R
'3 11001 Y 150 105 0
3 /1,3.4002‘- 22 184 383 59 6
3, 5643 .71 1o 322 232 36
5 s % - 94l 171 68 N 24
5 1257 1 . 3. s 3.
_.3 | 1298 1 64 mf:éq a4
3 T3 e8 n3 1se 4 31
3 'u.‘: 658 53 148 173 [76 13
TOTALS - 264 788 1627 . 794 132
MEANS ©33.00 98.50 20338 99.25  16.50.
?
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Responses fo-Sfimuli,Puring General!zaflon‘Tesfing

for Test Day Two

Group ¥ 45°L  .22.5°L _ 0°  22.5°R  45°R
4 9686 5 ia 376 177 | 33
a noss 3 0 1o o8 8
4 10516 6 \56"_ 18 112 33

4 10080 | ||-:' 17 a1 0
a 1228 2 & 0o 68 2

4 8824 . 6 311 418 87 30
4 1274 a 710 2 2
a 8822 . 75 137 142 132 29

TOTALS 102 747 1491 746 137

MEANS 12.50 93.38 ~ 186.38 93.25 17,13
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