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, ABRTRACT

Two groups of plgeons were on-~ d!fferentially trained in the

presence of a green vertical line on a white surround (Experimental

Tre

Group) and a_ white vertical line on a green surround (Controi Grodp).

'

Eaghhgroup was divided into two.sub-groups and tested for i:jfralfzatfon

to stimuli varied along the anqularlty dlmension on two consecutlve test

days. Half oF the Experimental Group was tested to a areen line on a
whlte surround and half to a black Ilne on a whlte surround Half of
T

the Control Group was tested tq-a white Irne on a green’ surround and half

to a white line of a black surround. No' control by the angularity dim-

- -

ension was .observed. Generelf;ation gradiedss For all test groups were
near equelly f}at., The groups tested under the green line and surround
conditions produced slgnlflcantly more overall responses than ‘the groups
tested under the black conditions. The results suggest that pigeons
respond on the basis of a perceptual h:erarchy following ﬂon-differential

‘\ .
trairfing on which colour ranks higher than the dimension of angularity,

-

it
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CHAPTER |

INTRODUCTION

-

Since the time when ;Iassical conditioning experiments rode the
crest of ;xperimental inquiry, the process of stimulus generalf;;:?gh
has been explored by'introducing ever more complei stimulus situations
to which an orqanism.must somehow respond, From_these responses, experij-
mental peychnlogists have drawn conclusions regarding the limits to
which an organism is cdpable of responding to.simi!ar stimuli. The
concluding answers have ranged Ffom as ;imp]e a statement as, an.organism's
initial response to a stimulus, after an appropriate training perIAd,
will transfer ro similar stimuli if presented under similar conditions
(Faviev 1927), to the more compiex answers drawn from operant conditioning
avperiments as first exploreé by B. F. Skinner (1938),

Not only hade the experimental précedures undergone a historical
transformation from the simple to {he more complex procedures, but so has
the choice of subjects. For instance, ampng the situatibnal variables
the initial natyral observations of an organism's behaviour ln.its respect-
ive environment have been supplemented by introducing contrived situations
for studying primarily the internél processes which d6 not lend themselves
easily to natural observations: Here the classical experiment by Olds and
MiTner (1956) of induced seifstimulation, by implanting an electrode into

a rat's brain, comes readily to mind.

-

~
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Numerous species have been studied by the experimental psychologist,

From simple one-cell organisms (Pleparia) to the highly complex human A
organism. Al) have contributed to the understanding of -the lee::i?g
process, from which inferences can be drawn about the capabllltles of
organisms to process iﬁformation. The inference alluded to, of course,

is the amount of learning taking.place after an initial exposure tn a
stimulus situatfon. The emerging respon;e patterns, fortified by rein
forcement for correct responding, are indicative of the oréanism's learning
capabilities; and by manipulating the test Situation, ex;eriﬁenrers can
"Yetermine how much of thij learning is generalized to similar stimyli.

. One principle techﬁique used in this area involves operant con-
ditioning. In. one of the ear!ytexperiments with pigeons, Guttman and
Kaliﬁﬁ”(IBSG) studied stimulus- generalization to different colours. lUsing
operant\condltioning techniques, they first trained their food-deprived
subject§ to peck at a rranslecent liqh;,ﬁey for.food reidforcemenr. They
next trained these pigeo to respond, to either green, yellow, or orange
on the key and expected the birds to respond equally to any variatioe of
WHVelength.within the same band asn;he tra[ning colour. PRownver, their
hypothesis was not supportea by the results. The generaliea{¥oe gradients
showed mMaximum responding at the training stimulus with diminished a#mounts
at more distant wavelengths from the training co1eur. Guttman and Kalish
(1956) concluded that pigeons are indeed capable of accurately identifying
dlfferept wavelengths as if equipped with a frequency analyzer.
One possible way to measure general attentiveness of the organism

is to compare stimulus generalization gradients. An organism is said to

be .attending to an aspect In its environment if variatlons of thgi aspect

2y



. brangs about a change in the behaviour of the organasm (Reynolds, 1961)

Consequently, after the organlsm has been trained to respond to a stlmulus
the resultlng‘steep slope and pedk of the generalization curve, durlng
testing, xmplles that the organism has attended to’ the training stimulus
or that the tralntng stimulus gained control over the behaviour of the
organism. A flat generalization éradient. on the oth;r hand, may imply
)]irtle or no control by the test dimensjon. |
| 1t has been shown that the slope of the generalization gradient,
following single <rfmulusftraining, is influenced by:nrioc training. For
nvnmplp, Hackintnsh (1965) trained forty-eight rats to respond to a
horizontal rectengle for one hundred rewarded trials ane»then extinguished
responses to the training rectangle or one differing in brightness or
nrientation. &f the forty-eight suB}ects so trained, thirty-two received
prior treininggnn either e successive Brlghtness or an orienta;iOn.
disciimination Sixteen subjects recelved no prior training and showed
intermediate aqredients of generalization when tested under brlghtness or
nr:entatxon conditions. Subjects tested on the dlmen510n onarhtch they
had prior training showed a significantly eteeper gradient, while the.
subjects tested on the dimension opposite to the‘bre-tralning dimension
showed significantly flatter gradients. Mackintosh (1965) suggested that
the mechanisms of attention must indeed be internal ones as suggested by .
Sutherland, (1959). Further, Mackintosh (1965) concluded that theSe
results ‘rgiifjf;pddltlonal support to the earlier Sutherland;and
Mackintosh (I96h)'theory that the more an orﬁenism is tralned to attend
to one stimulus the less Tt will attend to another. ;

This position was disputed by Thomas (1969), Eck, Noel and Thomas
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(1969), and Thomas (1970) . These lnvestigators theortzed that traln:ng
D
_to one stlmulus dimension enhances the orga;ksm S capacity to attend to

other dimeqslons. For example, Thomas (|970) took particular.excéption

to the theory expressed by Sutherland and Hacklntosh {1964) which. he

called an "“inverse hypothesns tn ‘ar’ experlmental ‘program designed to
- \
[+]

investigate the inverse hypothesié, Thomas (1370) and his assocnates

obtained results which largg]y contradlcted ‘the theory that increases in

stimulus control by'one dimension are assocnated wnth decreases in
&

stimulus control‘by .another dlmen51on He. conclyded that the Mackintosh
L . ‘ .

(1965) study, for instaqce, can be questioned on.procedurallgrounds.

Thomas (1970) argued that.thg method of measuring the slope of the

generalization gradient (i.e. the degree to which the non-reversal
1

* problem was easier than the -reversal problem) was idiosyncratic, and

required a questionable assumption.

Rather than embracing théltheory of seleg{ive attention in his
f .

experiments with pigeons.'Thomas {(1979) proposed that discrimination

trainin produces a state of ''general attentlveness“ Ig additiop tq
g 9

attending to the relevant cues during the acquisitlon of the original:

tralnung, the organism becomes increasnng]y‘sen5|t|ve to stimulus

-

differences. ; ) o :

The aim in the experimental study of attention is the Jidentific-

ation of stimuli .that control responding in a guven situation, (Reynolds,

1961). An organism may attend to several aspects of a discriminative
stimulus with greater frequency and is thus 'said to be under contrgl of

that stimulus aspect.” Newman and Baron (1965). proposed the possibility

that organisms attend to the colour dimension to a greater degree than

"

)




to the anguiarity dimension. This théory of a perceptual attending
hierarcfy was first elaborated on in “study by Jones (1954). Specific-
- ally, Newman and Baron (!965) tested hree groups of piYeons along the
dlmen5|on of angularuty following differential tralning to (a) presence
vs. absence of a whlte vertical line on @ green surround (b) presence
‘vs.,absenceSPF a‘whlte vertical liné on a green vs. red‘aprfﬁ"hd, and
{c) a white dertical line present durlng reinforced and non- reinforced
periods on a green vs. red surround A relatively steep gradlent was
obtalned only for the group dnfferentlally trarned to the presence vs-
absence of a white vertical llne on a green surround. Relatively flat
q?adrents‘were obtained for the remé:n:pg two groups. The impl;catlon'
in this case is that the subjects could tearn to attend to the presence
vs ..absence,of the line only in the absence of the more dominant dimenslon,‘
i.e.; colour. Newman and Baron (1965} concluded that the differentially
trained subJects attended more to the colour dlmensnon than the angular
orlentatlon because coiour ranks hrgher on the perceptual hierarchy.
Barch and Vacek {1967) hypothesized that, if colour is a more
salient cue and thus more readily attended to than 1ine orientation,

 then attention to angularlty should be facilitated if the line - itselF

wads colouyred. Baron and Vacek (1967) trained one group to. dlscrlmlnate
[}

-

between a green vertlcal line on a whlte surround as S+ and a white
surround as S- . The control group was identical to-Newman'and Baron's -
(1965) grouo I, which was trained to dlscrim:nate bet(nen présence vs.i
,absence of a white vertical line on a green surround Baron and- Vacek
(1967) obtauned results consistent with the perceptual attending hierarchy
proposed by Newman and Baron, (1. e., the group trained w:th the green llne

-

-produced a steeper gradient).
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o Baren and Bresnahan (1969a) questioned the resuits of the Baron
and-Vacek {1967) study. Baron end Bresnahan (1969a) suggested thatythe
colour on the surround may heve decreased attention to the white 1tn
and produced thE“f*atter gradient for the contro! group. Two groups

of. plgeons were differentially trained to a white line on a green or

.black surround as 5+ and a green or black surround with no lines present

as S-, While the group trained with black surrounds produced a steeper
Qradient, the differences were not sléuificant. Thus, no evidence was
presented - to substantiate the suggestion fhatvsur}ound coFouF decreaeed
attention to the line. i -

Baron and'Vacek's (1367) hypothesis was' examined by Hirota Hilau,

and Ferenc (1973f. Two groups of pigeons were trained to discriminate

between presence vs. absence of a vertica] line on a white surround. For
’

. one group (Experlmental) the vertical line was green (S+). For the

control group the vertical line was black (S+). The $- for‘both groups
consisted of a white suffound ‘Generalization tests along the angularlty
dimension showed equally steep gradients for both groups. Hjirota, et al.
(1973) concluded that colour on the line did not |ncrease attention to
the line. Hirota et al. (1973) suggestegd that a procedural difference
during testing may have produced the dufferent geheraltzat:on gr#ents

since Baron and Vacek (1967) simultaneously varted line orientation and

.wavelength during the test whereas the ‘Hirota et al. (1973) experiment -

';held_uavelength constant and varied eniy line orientation during the

-

testing phase. »

A second study was conducted by Ferenc and Hirota (lb?3f“to

determlne the effects on the slope of the generallzatlon gradients, when

~one or two’ salient cues ére made available during training (colour and

it
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line angularity). Four groups of pigeons were,differential&y trained:
Group | to a green vertical line on a whifc surround {S+) and a white

—
surround (s-), Group 2 to a white vertlcal line on a green surround (S+)
and a green surround (s-), Group 3 to a white.vertical line on a green
surround (5+) and a white surronnd (S-), and Group & to a green vertical
I;;e on a white surround {S+) and a ‘green surround (S ). By pl;E$ng
colour on the line (S+) when S- was a whi te surround or by placing
colour on the surrqund-(S+) when "S- was also 4 white surround, both presencg~
vs. abserice of a line and presence vs. ab;ence of colé@r were simultaneously
available fo¥ Groups | and 3. For Groups:Z and hlonI; the presence vs.
absence of a line was the prominent feature. Diffarences in gradient
slope along the angularity d%mensionAappeared on the second of the two
test days. Significant differences were found between Groups 1 and 4
and for Groups 3 and 2 indicating that plgeons trained to two cue features
of the stlmulus enhances their attention to line orientation. But a
significant difference in gradient. slope between Groups 1 and 3 when
green was on the line for Group 1 as S+ and green on the surroun& %drm
Group 3 as S+ suggested that colour on the line increased attention to
the line when both Groups,had ;uo.éue features present. It'was concluded
that consistent wuth the Baron and Vacek (1967) study, attention to Iine
ornentatlon was greater when the llne was coloured than when‘ﬁhe surround

e
was coloured but then only when two stlmulus features were simultaneously

e

present. ) o
So far, the relationship between colour and attention to line

orientation,;under differential training conditions, has been examined.

R Y

It was shown by Baron and Bresnahan (1969a) thatdgreen on.the surround

did not decrease attention to line orientation. The Hirota, Milam, and
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Ferefc ({973) resdit showed Eﬁat addition of colour to line did not
Increase attention to iine angularfty. However Ferenc and Hirota (1973)
did show that c&lour on the line produces a steeper gradient than colour .
on the surround, thus confirming the Baron and Vacek (1967} hypothesis.
Further, the Ferenc and Hirota (1973) study showed that a critical factor
c;ntributing to the steeper gradient under the green line condlt:on ag
cpmpared to the green: surround condition,~was .#fe avallabllity of two
cues under the former condition and only one under the latter condition
. during discrimination training. It was concluded by Newman and Baron
(1965) that differentlal training to Presence vs. absence of line ‘is
required to establlsh stimulus control by line orientation when colour
is not avallable as an alternate basis for dlscrfminatnon This conclusion
was primarily based on the theory that colour ;s a more salient cue than
.Iine orientation. |

Freeman and fhomas (1967) disagreed with f;e Newman, and Baron
(1965) conclusion that 6Ifferentlal training was required to e!{abllsh

\

stimulus control by the weaker dimension (angularity) when colour is
present. They hypothesized that the presence of green on the surround
du}Ing test!ng, in the Newman and Baron {1965) study, may have masked
sitmulus control by angularity. Consequently, subjects may utilize the
colour aspect, of the stimulus, more than line orientation since colour
ranks higher on the perceptual hierarchy. Freeman and‘Thomas (1967)
ttalned thelr pigeons non-dlfferentia}ly to the same training stimulus as
in the Newman and Baron (1965) study. They tested their subjects to -
angularity orlentatloﬁs on a green su;round as well as a black surround.

The résults showed that stimulus control by line orientation was masked

by the presence of a green surround during festing as indicated by a flatter

[
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gradient when compared to subjects tested with a black surround.. From

.

these results Freeman and Thomas' (I967) concluded that, while the subjects

may have attended to line orlentatlon during non-differential training,

it was

sked by the presence of green on the surround during testing.
The Avidence for the masking effect was demOnstrated by the steeper
gradients for the subjects tested under black surround conditions,

) * Newman and Benefield (1968) condpcted an exper:ment in which they
tested the Freeman and Thomas (1967) conclusion. Two groups of pigeons
were dlfferentlally trained *and one group tion- dlfferentfally Group 1
(differential) was trained to a white vertical Ilne On a green surround

as 5+ and a green surround as S-, Group 2 (dlfferential) was trained to

4 green surround as S+ and a white vertical Iine on a green surround

o

as 5-. Group '3 (non-differential) received training only to a white
vertical line on 3 green surround, During testing to line orientations

th; surround colour was either green or black. It was expected that when
the black surround was present both dlfferentlally and non- differentially
trained subjects would produﬁg equally steep gradients. However, when *
the surround was green the differentlally trained subjects wouid show
steeper gradients than the non-differentially trained subjects. It was
reascned that subjects trained differentially would have receijved specific
training to attend to the line arientations whereas subjects non- dlfferent-
lally trained would attend more to the colour aspect of the stimulus
.pather than to the Ilne orientatlons. The results were cbnslstent with
their expectations. For the non-di erentially trained subjects, colour
Presumably interfered with atte;::;ffzzhl?ne orientation because of its
dominant position in the perceptual hierarchy. In contrast, differentially

trained - subJects attended' equally to line orientatlon regardless of the

0

\



deferent}éle to a white line on ejther a green or black surround. The

purpose of this study was to test the Newman and Benefield (1968) resuits
that colour may. mask attention to line orient tion. Flatter gradlents

were obtained for the non- differentjally trained group to a black surround
than for the green surround group, but were not srgnafrcant. Their results

‘are not in agreemeht with the Newman and Benefield {(1968) study' which
showed that colour interfered with attention to line orientation for
non-differentially trained subjects, |

in a fol low-up study Baron and Bresnahan (1969b) trained two groups
of pigeons non-differentially to a white vertical line on either a green
or. blaqk surround. During _the testing phase of the experiment the two "

. groups were subdlvuded with half of each traln!ng group® tested for general-
ization to line orientation on a green surround, and the rsmafning haif
on a black sprround. It was found that ‘groups trained with the green
‘surround produced steeper gradlents irrespectlve of-the surrousd colour
'during testing. Baron and Bresnahan (1969b) concluded that contrary to
the Freeman and Thomas (1967) and Newman and ‘Benefield (|968) results,

- colour did not mask responding to the angular orientation during testlng
'Further, these results supported the earlier conclusion (Baron and
Bresnahan, 1969a) that with non- dlfferentiaily trained subJects, attention
is non-selectlve and that colour “on the surround Increases attention to
line orlentation

Thomas, Svinicki, and. Svinicki (1970) replicated the Baron and

Bresnahan {1969b) study. They hypothesfzed that a more powerfu!l within
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subjects test procedure may be required to Investigate the effects of
background conditions on the attention to Iine orientatlon Two groups

of pigeons were non-differentially trained to a white vertical line .on

either a green or black surround. Durlng testing to line orlentatlon QZEB
subJect was exposed to five angular projections of a white line on both
green and black eurrounds The results of this study contradicted the
Baron and Bresnahan (1969a, 1969b) finding and Instead, confirmed the
masking effects reported by the Freeman and Thomas (1967) and Newman and
Benefield (1968) studies. The results showed that background conditions
during training had no slgniflcant effect on llne orlentation5~3 During .
testing, however, generalization gradients to line orientation were steeper
under the black background conditions than under the green background
conditions, lending support gq\fhe dgminance 'of c010ur_over angular
projections. However, since Baron and Bresnahan (1969b1‘used-a_ﬁouseIJght
in the experimental chamber and Thomas et al. (1970) did not, Its oresence
may have been a crltlca] factor in producing” the masklng effect

Th|s possubnluty was examined by Thomas Ernst, and Andry (1971).

Tuo groups of pigeons were non-differentially tralned co a white vertlcal
Ijne on a yellow surround. One group had a houselight present in the
experimental chamber, durijng training and testing, while the second group
was tra:ned and te;ted under houselight off condlt!ons. A generallzatlon. .
test to five angular projections was admlnlstered to each subject in which
only'one stumulus presentation in every ten contained the yellow background..
For the remainder of the test condition the background was black. The
results snd!cated that under the housellght on conditlons subjects yielded

nessenttally identical generalization gradients under both background

conditions. For the houselight off group, however, a maéking effect was
[ i ] ] ) . :

AV
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.
observed. It was concluded that, although yellow was used as a background

T . -

condition instead of green as in the Thomas et al. (1970) study, the use

—

of a houselight was a more critical factor In demonstrating a masking

effect, than a specific wavelength, The results supported the Thomas

‘et al. (1970) conclusion that under houselight ofF'conditions, white

angular projections stand out more dramatically, therefore subjects seem
to be distracted from 5i;endlng to coloured background condltlons. The
presence of a houselight may have been re#ﬁonsnble for Baron and Bresnahan's
(1969b) failure to observe a masking effect.

While some evidence suggests that differential training is required
to establish'line stimulus consrol in the presence of colour on either
line or surround (Newman and Baron, 1965), other evidoﬁce suggest the
opposite. The studies by Freeman and Thomas (1967} and Baron and Bresnahan
(1969) suggest that differentlol training was not required to establish
stimulus control_to'angular orientation when colour was also present.
Their point of viow is that attention to sitmull is non-selective and onlty

specific training procedures are required to enhance line attention when

" the more salient colour stimulus is also Present. Obviously, there is

disagreement about which training condition s the ‘more consistent one

in producing reliable generalization gradfents. However. agreement seems

to be. consen5ua1 that a masking effect occurs under non-differential
training condittons. because of the dominance of colour on the pérceptual
hleﬁarchy It has also been suggested that a masklng effect can be

- . ]

eliminated by the presence of a houselight in the expernmental chamber »

‘during training and testing (Thomas Svinicki, and Svunickl, 1970; Thomas,

Ernst, and Andry, 1971). | \
N

Ih the light of the above evidence it seaemed appropriate to examine
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the effects of colour on the line vs. colour .on the surround on attention

tolline angularity, following non~differential training with the houselight

of f. »
*

Purpose of the Present Study:
| The present study was designed to examine the effects of colour on
the line vs. colour on the surround following non- d!Fferentnal tralning
One group of pigeons (Experlmental) was trained to respond to a green I'ine
on a white surround. The control group was a'replicat!on of the Thomas,
Svinicki and Svinivki (1970) group cnon-differentially trained to a white
Iine on a green surround. Durlng testing each group was dlvided into

two groups and tested with either a green line on a white surround. a
- . ri

black line.on a white surround (Experlmental), or a white }Ine on a green
or black surround (Control). Durlng generalization testing only the
" angular orientations of the lines were varied while the background

conditions were held constant.

The following hypotheses ware Propoged: .

(1Y Colour on the line would produce steeper gradient siopes than

' colour on the surround.

(2) That green on the line would- show steeper gradients than black-

on the line. s

Support for hypothesis one is available through the Baron and Vacek
{

(1967) and Ferenc and Hirota (1973) studies under differential training

procedures.

Support for hypothesis two is also available through the Baron and
Vacek (1967) study indicating that colour ranks higher on ‘the perceptual

~attention hfefarchy. The present hypothesis tested if under non-differential



. \ -
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trafning coloyr rpmained higher on the perceptual hierarchy.

The Independent variable in this study was the presence or absence

of colour under no houselight conditions. The dependent variable was

the number of responses made during generalizaqign testing
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METHOD

Subjects
The subjects were 20 expefimentall} naive, adult male, White
Carneaux Pigeons, obtained from the Palmetto Pigeon Plant, Sumter: 5.C.
All subjects were housed in individual cages and maintained at 752
(X 1o gmsi) of their free- feeding body weight during the expertment
Subjects had ad- le access to water in their respective home cages At
the beainning of the experiment subjects were randomly assigned to one
of two experlmental .aroups.
Apparatus
The appératus used' in this experiment consisted of 2 sfgndard Lehigh
Valley experimental ;ubicles (Model 1417¢C) each contalnlnq @ test compart-
%ent (Model 1417) in which the 27-cm-high by 24~ cm*wnde rat panel was
replaced by a test panel containing a single 2.5-cm-diameter key 22.5 cm
above the floor. Tgree sides of the tegt compartment, excluding the test
panel containing the response key and the door, were covered with a fiat
black #inyl !ining to eliminate any reflections from the response key
1ight and the.Feeder 1ight. A 5-cm-square feeder opening was located
I3 cmlbelow the key. A Grason-gtadler In-Line Digital Dlsplay unit

projected the stimuli on the transparent response key in each cublcle.

The lines projected on the response keys were tilted at one of five

15
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angular orientations varied in 22,5 deg. steps from a position 45 deg.

x

- . ' - -
counterclockwise to 45 deg. clockwise from the vertical. Stimuli con-

sisted of a green Iine on a\whife surround or a white 1ine on a green
surround. All. lines were 0.7-cm- by é.S*cm-long. The green iine and
green surround could be replaced by a b]ack‘line\or a black surround by
switching of f the light for the kodak Wratten Filter No. 13 (537 n m.)
In the In-Lineidisplay unit. A.lighted food hopper, _containing a grain

m[xture,_provided the reinforcement. Access to reinforcement was of

3 sec. duration. Buring reinforcement the stimulus key was blacked out.

White noise was continuously present throegh 2 speaker in each exeerimentat
chamber, ‘A speaker ig the room housing the chambers, masked extraneous

sounds, ‘There ;as no houselight present i; any of the experimental

chambers throughout the experiment. Al experimentel sessions were , Cog

Y . ' .
programmed by means of relays, timers, and steppers, located in an

adjacent room. Al responses‘qna reinforcements were aufomatically

“recorded on four digita)l counters and on cumulative recorders.

) +

Procedure.

Preliminary Training: Three days of prelimina training was

provided for al] subjects. On Day 1, subjects were ra omly a55tgned to

one of two treatment groups and magazine and key-peck trained by successive

" approximation. Thirty continuously re?hforced key-peck responses were

.allowed on Days .1 to.3. During this training phase a green vertical line

on a white surround was continuously present on the key for the experimentatl
group (Group E), and a white vertical line Qn a green surround for the

control group (Grouﬁ-C). except during reinforcement. Each becking response
/

at the key provided 3 sec. access to the food hopper.

L . . '

K
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Variable-Interval Training: 0On Days 4 and 5 all subjects were

gradually shifted'f}om a schedule In which each response was reinforced
on a variable IntervathVI) schedule In wﬁich one reinforcement occurred
on the a;erage during each 30-sec. presentation of the stimulus by the
end of Day L, and during each t-min. presentation by the end of Day 5.
For the next ten days (Days 6-15) the Vi 1-min. non-differential training
c;qsinn was in effect for all subjectsy Again, for Group-E the stimulus
wWAS A green vertical line on a white surround and for Group-C a white
vertical Tine on 2 green curround. Each subject received 30 min. of

non-diffarential.training per day under the VI 1-min, schedule. After

1IN dave the VI training was terminated for all subjects,

Vi training, were used to administer a generalization test alan the -
anqularity dimansion to al) subjects. Preceding the generalization test,
o each day, a warm-up session was édmfn!stered to the subjects. The
warm up cassions consisted of s min. (reinforced) presentations of the
training stimilus for the respective groups.

On the first day of generalization testing (Day 16) each training
group was divided into two subgroups of 5 subjeCts each. Five subjects
from each group were tested with either green lines (GrPuﬁ E-Green) or
green surrounds (Group C-Green). The remainingfs subjects in each group
were tested with either a black lipe (Group'E-BIack) or blqpk surzound
&(Group C-Black). The generalization test along the angularity dimension

consisted of lines tilted 22.5 and #é deg. from the vertical both clock-
wise and counterclockwise, including the vertical (s+).

Each subject received ten presentations (30 sec. eaéh}‘bf the five

angular dimensions in a counterbalanced sequence but never with the vertical

5 SRR
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first. No réinforcement was pnbvlded during the testing phase of the

experiment, Each stimulus presentation was separated by .2 0.45 sec.
. S |

blackout.

Statigtical Analysis

A two-factor énalysls of varlance, with repeéted measuras on
one factor was performed on total responses per session during non-
differential tralnlng;'the factors belng treatment group (A) and days (BLHF
Two three- -factor analyses of variance with repeatnd measures on nne fac'":-
was performed on the total! némber of responses to pach sg{mulus on mach
of the two test days; the factors being surround (A) anupg (B) nand
stimult (C).

All analyses of variance were performed by the Univercity nf

Windsor's compuier programme .
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RESULTS ' - [

L] . - Ly

Non-Differential Training K

All subjects Iearned to key-peck for reinforcement. A graphic
A~

representatlon of the mean response rates to the tralning stlmulus for'
Groups E and -C over the ten days of non- differen;lal nrafhlng are shown

in Fig. 1. Total reSponifs for each bird to the training stimulus, for
the ten days of VI I-min. training are shows In Appendix A. The mean
re;pqnse rates during the 5-mijn. warm-up periods on test days 1 and 2

are included in Fig. | for comparison purposes only but were not ' included
in calculatnng the analysis of Variance on the training data.

A two-factor analysis of variance with repeated measures on the
last factor was carrjed out on total responses per session during training
The results of that analysns of varlancc are pFesented in Table‘l. In-
spectuon of Table 'l shows a signiflcant main effcct for Days (8)- (F = 14, 88,
df = 9/162, P <.01) and |nd|cates an increase in total ré)ponses across
the IO traiining days. There is a suggestion in Fig. 1 that Group C
"differed from Group E in overal) responses to the trainlng stimulus,

however this difference falled to approach significance (F = 3 49, df = I/IB

.

p.> 05). "Further, the absence of a significant !nteractlon effect of Groups
x Days (A x B) (F = 0.89, df = 9/162 P >.05) indicates that both groups

“learned to respond to the training stimulus equally well. -

B -

. -

~’ {‘ . } . . ,‘ : I.'l '
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Fﬁg. 1 Mean number of responses per minute during non~differentjial

‘tralning and during the five minute warm-up period on test
day one and two ‘ .

(
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” i
Analysis of Variance of Mean Number of Responses per Minute

21

During Non-Différential Tfaihing' /
Source 5 df MS F
Between subjects .
A (Groups) 2973872.72 . | 2973872.72 3.49
Subj. w. groups 15299734 .56 18 849985.25
Within subjects
B (Days) 6378389.78 9 708709.97 14, 88%
B 381538.58 9 42393.17 0.89
B x subj..w. groups 7714015.24 162 L47617.37
** p .01 - l“
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Genérallzatlon Teft’
The absolute geﬁe;aljzation éradlents for Test Days 1 and 2 are

graphically represented in Fig. 2. The order in which the five test -~
stimutt were presented on each test day is presented in Appendix B.
Mean total number of responses to the flive test stimuli were calculated .
for the four test groups. Appendix C contains the total number of responses
qur7ng the S5-min. warm-up periods, the total number of responses to the
Fl;e test stimull as well aslthe calculated means for the four test
groups on Test Day 1, and Appendix D Contains the same daty for Jaect
Day 2. ‘

A three=factor analysis of var]énce with repeafed measures én the
last factor, performed on the total number of responses for Tect Day |,
brovided thrée significant F'éatlos. The results of this analysis are
pneseﬁted in Table 2. A significant main effect of colour {A) occurred
(F = 6,61, df w_l/:G, p ¢-05) Indicating‘a higher lTevel of responding
~ when .the test stl;ull contained green on either line or surround. No
significant Groups (B) effect SZcurred on Tést Day 1. However, a sig-
nificant Stimuli fCl effect occurred (F-; 5.67, df = L/64, p <.01).

This effect indicates différent numbers of responses between stimul].

-

A sjgniflcant interaction effect of colouz‘x Groups x Stimuli (A x B x C).
also occurred (F = 4,14, df = 4)6# P<.01). This effect becomes clear
by inspecting Fig. 2 which shows that on Test Day 1 there wWas a noticeable
decrease in responding Yo the trainlng stimulus for Group C = G but an
increase for Group B - G, yet total overal] re5pond1ng to the five test
stimull was higher for Group C - G than for Group E - G. \1hls dlfference,

however, did not occur for Groups E - B and C - B which accounts for the

triple interactlon effect.

i



23

MEAN NUMBER OF RESPONSES

o o B
a? ©- 9o o
o
-
mg. )
mn . - L.
Do ~
-.l
ot @
-
, 1 B N —_—
> 2|
ZIb.
(;) L
4
CcC &t
> a
-0 ° @
3 @)
—-{EN c
- o m ',_“'
C%' I w
o |
= S B .
S5 Nf -
e 23
&t > M
o Qm
A 2

O

Fig. 2 Absolute generalization gradients for Groups E (green and black line
conditions) and Groups C (green anq black surround conditlons) for
test days one and two :



TABLE 2

.Analysis of Vartance of Total Number of Responses to Each

Stimulus During Generalization Test |

[

Sourcg‘ SS df MS
Between subjects /;f

A (Colour)’ 129&56.0h( ) 120486 0k
8 {Groups) 125 44 1 125 4L
AB 10983 . 04 1 10983 . n}
Subj. w. qr(:;up‘q 313542.32 16 19504 20
Wifhln subjects

C (Stimuli) ) 6018.94 4 1504 .73
AC | ‘ 78.66 4 19.66
BC 1720.66 4 430.16
ABC 4396.86 4 1099.21
B X subj. w. groups 16985 .28 64 265.39

R

nl

n

.67

.07
.62

1

o+ ok

k%

* P<-05

¥%  p (.01
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A three-factor analysis of variance with repeéted measures dn
the last factor was also carried out on the total number of responses
for Test Day. 2. The results of the ana]ysus are shown in Table 3
A significant main effect for Cotour (A) occurred again on Test Day 2
(F = 4.68, df = 1/16, p <.05) also indicating that the higher level of
responding to the green test stimuli over the black test stimuli accounted
for the significant result. Also, a significant’ Stamuln (C) effect
(F = 3.05, df = QIGQ,-p £.05) can be observed, ihdlcating agaiﬁ that
number Qf rpqponé;s-differéd between the five test stimdli. Thgre was
no significant interaction. effect éetween Colour x'Grpups x Stimuli
(A x B x C) ohserved in this analysis (F = 0.56, df = ﬁ/GA, p>.05)"
The absence of a three-way interaction effect on Test Day 2 maf be
acrountedtfnr by the ﬁear equal response tendencies of the green and

hlack <timuli groups. -

o

P
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Anélysis of Variance of Total Number of Responses to Each

. Stimulus During Generallzation Test 2 .

-

Source , ' SS

df MS F
Between:subject;“

A (Colour)’ M'(')laG.?G\\\-‘ | 51046.76 4.68 *
B (Groups) 302.76 % . 302.76 0.03
AB o 888. 04 ! 888. 04 0.10
Subj. w. groups Ihoslz.éo 16 8769.55
Within subjects : 7
C (Stimuli) * 3171.26 4 792.81 3.05 *
AC , 788.14 4 ‘19703 0.76
BC | 1341, 74 4 " 335,43 1.29
ABC ' R 588.06 4 147.00 0.56
B X 'subj. w. groups 16640.40° 64 260.00 .\\

* p .05 - . _'

/

Sy . .
A




CHAPTER v

DISCUSSION |

No support for the init}al hypothesis in the present experiment
could be found. The expectatton that control by angular orientation
would be enbanced by placing colour on the line (i.e. that colour on
the fine woufd show steeper generalization gradlients than colour on the
surround) was not supporté? by the present results. Instead the resu]tsr
suogest that the subjects.teSted under gréen oonditions responded on
the basis of colour. Neither of the test groups responded on the basis
of angular dimensions which is evident by the nearly Flat gradients for
both the experlmentgl and control groups as shown in Fig. 2. Further
inspection of Fig. 2 atso shows | that neither group. on any of the two
test days, responded more to the zero deg. line position whlgh had béen
the training stimulus. 1t must, therefore be assumed that line angularity
did not gain stimulus control. Further, on the basis of the present !
'reéulté it is doubted that contro! by line angularity can be established
through the non- d|fferent|al.tra|ntng procedure.

The suggestod theory closest’ to the above'result; appears to be
that of Jones (1954) indicating the possibility that the organtsms respond
on the basis of a perceptual haerarchy. This theory s supported by -

Baron (1965) and Newman and Baron (1965) who concluded thgt colour ranks °

hlgher than angular projections on the perceptual hierarchy. ' Therefore
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to establish effective control by line angularity differential training
(presence vs. absence of line) is required Further evidence to this
effect 1s presented in a study by Jenkins and Harrison (1969) who
obtained relaclvely flat gradients for non-differentially trained
subjects to a tonal s;lmulcsx Thelr conclusion was that visqal stimuli
presen€3d3in an analogous manner, thac is follcwing“non-ﬂifferential
training, might also result in a flat generalization gradient. But it
should be made clear tharjst:mull which show no influence on responding
after prolonged non- differential trainnng may stlll gain discriminative
control- by means of differential training.

Interestingly, stimulus control by the angularity dimension
following'digferential training Is lnflueeced by the colour dimension.
The evldence to this effect hac been creéented in tHe Baron and Vacek
{(1967) study which conflrmed the theory of an attending haerarchy in
which colour ranks relatively high and also showed that the placement of
colour on the line rather than on the surround further enhanced attention
to the line stimuli. However, a replication of the Baron and Vacek (1967)
stldy by Hirota, Milam, and Ferenc {1973) in which two groups of pigeons
were differentially trained-to green and black llnes on whete surrounds
did not- subport these findings. Both groups in the Hirota et al (1973)
study showed equally steep gradients following generalization testtng
The procedural dlfference between the two studies which was offered as
a posslble explanatlon for the difference in results appears to be a
mere technicality in the experimental procedures. Of greater sfgnificance
here is the fact that an achromattc surround ected as e neutral stimulus
during differential training wherees during non-differentjal training

Q

surround competes with }ine angularit§ for attention. Repeated reinforce-
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ment then of iine and surrouno coobinations, during training, witll gaio
control over the subject's responding as a single stioulus uoft which
results in flat gradients, or nearly oo, when variations of these stimuli

are introduced during testing in extinction.

¥

There is still the question why ‘other investigators have found
stimulus control by angularity follo@ing non-differential training. For
instance, the results of the Freemao‘and Thomas (1967) study.did'shoy
Steeper gradients for the black surround group than for the green surround
‘group contrary to the attending hierarch9 theory advocated by Newman and
Baron IIBSS). However, closer examination of the Fréemao and Thomas
{(1967) study shows their results to be somewhat biased in that their
test conditions were not held constant. ‘Aside from testing to a greater

. . &
angularity range their subjects were tesfed to green and black surrounds
after training to green surrounds only. resulting in a slightly steepor':
gradlent to the black surround. A footnote ip the ?gron aod'Bresnahan
(1969b) study indicates that Freeman and Thomas (19§Z) question the
reliability of their own observation.

The Baron ond Bresnahan (19639b) resul ts show relioply steep
gradients to the angular‘projectioos on green and black surrounds Following
non-differential training. It was concluded that surround colour did not
influence the gradient slopes during testing to angularity. These results
are not‘consistent with the findings in the oresont e;perimen} io which
the control groups were iigntical to the Baron and Bressehan (1969b) chromatlc
surround groups. The results may very well have bed® due to thelr us:ng a
houselight throughout the experlment whereas the present s tudy dld not., °

The use of‘a houselight appeared to be an important factor to Thomas ,

Svinicki, .and Svinicki (1970). They concluded that the presence of a

8



30
'houselight lnAthe experlmental chamber provided a visuval array.of
stlmull which distracted the subjects from attendlng to the less sallent
stimuli of angularity Therefore the presence of a houselight in the
Baron and Bresnahan (1969b) study may have been réeponsib?e for their
failure to observe a masking effect. This conclusi n was later cdefirmed
by Thomas, Ernst;” and Andry (1971). Baeed on the results in the present
experiment, however, the apsence of a houselight Iﬁprhe experimental
chamber appeared.to be o;.no significant consequence to stimulus attention.

The within-subject's design which Thomas et al. (1970) utilized
to test their hypothesis appears to be of breater importance here since

. . '
the présent experiment, which was a repllcatlon in exper:mental procedure
6( the Thomes at al. (1970) study except for the within- 5ubJect s test
des?gn, did not confirm their findings. It appears that the alternation
.of dreen and black stimuli durfng testing may have |nfluenced the rate
of respondbng since all their subjects had an opportunity to respond Yo
the training stimulus during part of the test period,

In conclusion, the rejectron of the var(ous experiment§1 procedure;
as lnsuffuclent would be premature since all have contributed toward an
Understandang of the problems Involved. It is suggested that a unnfued
procedure is needed with a strong emphas:s on the organ:sm s learning
capablllties. Based on the present results, attention to line angularity
‘seems best established through differential training. But attention to s
colOUr can be established without differential tra%hing conditions. The
present resolts support the view that colour ranks higher on the perceptual

- ‘ .
f;;rarchy. Rhat'needs further Investtgation are more effective treiningg

-

conditions exerting greater control over responding to specific line stimuli.
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Order

+ APPENDIX B

of Presentation of Test Stimuli
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Order

22,5°
0°
22.5°
45.0°
45.0°
0°
45.0°
22.5°
22.5°
45.0°
22.5°
22.5°
45.0°
0°
45.0°
45.0°
22.5°
0°
22.6°
45.0°
22.5°
0°
22.5°
ks.0°

45.0°

of Presentation of Test St!muil

left

right
feft
right

left
left
ctight
right
right
left
left

right

teft _°~

-

right

left
right
left

right
Teft
right

&

v

L 26.

27.
28.
29.
30.
31.
32.
33.

. 34,

35.
36
37.
38.
39.
40.
51,
42,
43,
by,
45,

b6,

by.
48.
49.
50.

00

" 45.0°

22.5°
22.5°
45, 0°
22;5°
22.5°
bs.0°
0° -

45.0°
45.0°
22.5°
0°
22.5°

h5.0°

22.5°
22.5°

45.0°"

0°
45.0°
4s.0°
22.5°
0°
22.5°
45.0°

left

left
righaw
rigﬁ%;’
right
left
left

right
left
right

left
left
right
left
feft

right
left
right

left
right

35
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APPENDIX €

Total Responses During Five Minute Warm-up to the Training Stimulus and to
Test Stimu]! During Generalizatlon Testling for Expernmental Group.(Green

Line) Experimental Group (Black Line) Control Group (Green Surround)

'Control Group (Black Surround)

Test Day. |
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“ Total Responses During Five Minute Warm-up to the Training
Stimulus and to Test Stimulij During Generalization
Testing for Experimental Group (Green Line)
Test Day |
\
Warm-up - Test Stimuli
to '
Training ) '

N np §ﬁr Stimulus I,SQL 22.5°L‘ Oo 22.5°R QSOR
Fx¥p fraen 13 164 21] B2 101 89 106
F'-p‘ irean g 348 133 172 189 168 181
Frp fRrean R 277 224 169 200 203 253
Fxp. Green " 231 119 108 139. 137 146
Fip. Graan ? 217 66 90 89 73 1
TOTALS 1937 622 621 718 670 J97
MFANS 247 .40 124.50 124,20 143.60 134.00 159. 50
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—

" Total Responses During Five Minute Warm-up to the Training
Stimulus and to Test Stimuli During Generalization

Testing for Experimental Group (Black Line)

Test Day f
) t»
Warm-up Test Stimul
to
Training
Group - S# Stimulus 45°1 22,.5% 0° 22.5°R L5°R
" Exp. Black  I2 14 - 62 57 . 55 61 56
' [
Exp. Black 17 278 73 89 57 83 88
Exp. Black 20 220 145 142 ., 137 143 139
Exp. Black. 7 85 7h 65 | . Gé 57 69
Exp. Black 6 295 101 58 71 . 103 100
TOTALS o 1019 - 455 . an 388 447 452
N : o |
MEANS 203.80  91.00  82.20 77.60  89.40 90. 40
N ]
a : y
N\
T_’
- ( N



Group

Control
Control
Control
Contr9l

Control

TOTALS

MEANS

1 /e
Total Responses During Five Minute Warm-up to the. Training |
- Stimulus and to Test Stimuli During Géneraliiagion
Testing for Control Gr&up (Gree; SurroJ;d)
) Test Day |
.MWarm-up ) fest Stimuli.
to )
Training . .
S$#  Stimulus 45°L 22 5°L 0° 22:5°R 45°R
Green 14 - 113 gg 73 68 84 72
Green 19 304 195 188 157 . 200 © . 165
Green 16 b2 73 148 151 149 190
Green } 237 RR 160 102 117 114
Green " |5 184 - 264 261 213 268 305
1250 823 830 g9 818 gug

250.00 164.60 166.00 - 138.20 - 163.60 169.20

b
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Total Responses During Five Minute Warm—up to the Training
‘ Stimulus and ‘to Test Stimull During Generalization
<
Testing for Control Group (Black Surround)
- Test Day |
.warm-.;.lp / Test S{imuli
to ’ '
Training
Group _5_# " Stimulus 45°| 22.5°%L 0° 22.5°R 45°R
Control Black 10 85 0 0 ] 0 1
Control Black 18 277 Lo 94 55 75 121
Control Black 9 269 40 50 52 52 64
Control Black 3 516 175 190 ' 189 211 259
Control Black 4 198 3 . 8 ! 2 2
. 54
ToTALS a3 258 22 " 298 30 1y
MEANS - 269.00 - 51.60  48.40  59.60 68,00 89,40

A . _ .
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APPENDIX D

Total Responses Buring Five Minute Warm-up to the Training Stimulyus and to
Test Stimuli Durnng Generalization Testing for Experimentai Group (Green

Llne) Experimental Group (Black Llne) Control Group (Green Surround)/’J

Control Group (Black Surround)

Test Day 2

Ld
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Tota! Responses During Five Hinute'Warm—up to the Training

Stimulus -amd to Test Stimuli During Generalization

A Testing for Experimenta] féroup (Green Line)
| Test Day 2
Warm-up Test Stimuli
to
Training ' '
Group §ﬂ Stimulus 4g5° 22.5°L 0° ‘ 22.5°R hsog
Exp. Green 13 13.4. 42 68 57 57 . 61
Exp. Green 5 279 77 99 62 93 73
Exp. Green 8 267 - 188 159 105 119 156
Exp. Green 1 206 52 .gh 43 37 32
Exp. Green 2 267 I'5 45 35 25 h2
TOTALS T niss 374 © 4og 302 33 364

MEANS 230.60  74.80  Bl.00 60.40  66.20 72.80

———
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b B

Total Responses During Five Minute Warm-up to’ the Training

Stimulus and to.Test Stimull During Generaliiatif?n * -
Testing for Experimental Group {Black (%ine)
. . -
Test‘Day 2
Warm-up . " Test Stlmt;li
to '
. Training
Rroup S# Stimulus 45°L 22.5°L 0° ~22.5°R 45°R
Exp. Black 12 135 24 43 45 26 23
Exp. Black 17 1313 4 17 28 20 12
\ F¥p. Black 20 274 70 . 80 T 6h 93 92
Exp. Black 7 170 ] 22 10 10 21
Fxp. Black ¢ 274 47 21 29 38 32
-~ h ! * -
TOTALS 1166 186 .. 183 176 187 180
' .
MEANS 233.20 37.20 36.60 35.20 37.40 36.00

1



Total Respogses ODuring Five Minute Warm-up to the'Training

Group

‘Control Green
Contro]-hreen
Control Gréen
Control! Green

Control Green

TOTALS

I

MEANS

s#

14
19

"16

!

."l 5

Stimulus and to Test Stimuli During Generalization '

Testing for Control Group (Green‘Surround)‘

W

64.20 77.80 58.80 78.40

S .
‘ Test Day 2
Warmrup ) Test Stimuli
to
Training
Stimulus 45°L 22.5°L oo 22.5°R  45°R
97 17 Ty 27 .34 42
308 51 77 59 87 120
i35 90 105 50 81 78
254 48 bs 46 . 36 - 77
292 115 121 112 144 135
1386 321 389 294 392 452
277.20 90.40



Total Responses During Five Minute Warm-up to the Training
Stimulus and to Test Stimuli During Generalization
Testing for Control Group (Black Surround)

Test Day 2 ~

Warm-up Test Stimuli
to '
Training . N
Grenp S# Stimulus 4geL 22.5°%| 0° 22.5°R 45°R
Contrnl Rlacl 10 188 0 0 . 0 0 0
Cantenl Rlark 18 336 0 4 2 0 5
fontral Rlaclk q 356 17 5 2 7 6
Control Rlack 3 708 140 121 57 151 158
Contrnl Alarle h ?7’-} 0 -1 0o - 0 0
TOTALS 1862 157 131 C 6l 158 . 169
HFANS 372.40 31.40 26,20 12.20 31.60 33.80
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