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, . Abstract

7 . .

’ ‘ The efficacy of gating in the processing of simple, multidimenaion81 
.stimuli wasl;nvestigated. In Experiment I a continuous classification task
was used, wifh subjects sortiﬂg cards according to binary difiensions ofﬂline

"orientation and location. Results suggested that orientation and location '

A ' aré integral'dimenéions; fabilité;}on occurring with chrelated.djmensional

. : B . . \ .
combinations and interference with orthogonal comb?nations, In Experiment II, .

discrete reaction time (RT) trials were given, requiring classification of

\

tachistoscopically piesented stimuld witﬁllarge Résponse-Stimulue intervals

, . . . , n

. (13 sec). Interference, but not facilitayion was fo:ifj Analysis of .
sequegéia{ effecté_revealed no sup for the hypotheéis that interference

is due to the gréatér frequency of stimulus change 1n'otthogong; conditions.

It 1s.suggested that long RSIs induce a set to process stimuli beyond .

_psychological similarity and to analyze the dimenaionalfstructute of integtai
. : - ®

dimegsions. Such dimensiona].;nalysis would eliminate facilitation effects,

‘and“interference'might'be due to response competition. ° * ' \Wk
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Classification of Line Location and- Orientation

in Continuous and Discrete RT Trialsl
. David A. Tharp . V-
and

o . Gordon M. Redding
4

. L)
I1linois State University

A primary motive for much of the work in our laboratory has been a

concern with the processing of myltidimensional, visual stimuli. More _

ggpeC1fiéally, we heve becn interested inthow the various visual features,

which are pteSumed involved in the récoguition of orthographic charactera,

»

bye extracted, identified and combined to form a mental teptesentation of ,

tge stimulus.

Out concern with featural processing has dictated our choice

of stimulus materials. Typically, we have used very simple atimuii. such

L

as "displacdd and/or tilted straight line segments, which may be assumed to

involve only the simplest processing mechanisms.

One of our research‘strategies has been in inveetigatefthe efficacy of

i

gating (Posner, 1964) 'in the processing of such simple,Abut'nonetheless

& ,
multidimencional stimuli. The question in such studies is whether the sub-

ject does or even can ignore variation in an irrelevanbhdimension. selec-

Qetively processing and basing his ‘classification response only on variation

»

) |

in a televanx dimension. The efficiency of gating is asdessed by comparison

with performance when vatiation is testticted t? the televant dimension. the

itrelevant dimension being experimentally hq&f constant. Gating-failute may

appear either as interference in choice reaction time when relebant and
: M N,

irrelevant dimensions vary orthogonally, or as facilitation of reaction

‘ time wben relevant and irrelevant dimenaions covary.
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Successful gating‘has been interpreted as indicating flexible, serial

. encoéing, perhaps hierarchically organized such that encoding can be termi-

nated once anﬁfibient information has been accumulated (e.g., Biederpan,' .
1972). Gating failure may be interpreted aa.indicgting automatic or mon-
attentional, parallel encoding of stimulus dimensions. For example;

'ﬁrorton (19692 has suggested that the decision regarding tne appropriate
response is facilitated.by a eommonality of elements between encoded, re-
dundang dimensions. Egeth‘k1967) has a;gned Fhat interference with
brthogonai,dimensions a;ises from competition when the same response is

\indicated by different levels of both relevant and irrelevant dimensions.

More recently,/Garner (1970 1p74) and others (e.g., Lockhead, 19%)

-

l

have suggested an alternative expl nation to parallel encoding for instances
of gating failure. Garner argue onvincingly, that many stimulus dimensions

are -fundamentally integral in the w. they are processed by the perceptual

system. For example, two nominally separate, binary dimensions may ‘be pro-

cessed integrally, such that the Eart poséibie stimull may be treated as

?

. four different points along a single dimension in psychological.spaee.

~

Integral processing is intuitively most appealing in those cases where it 1s

not poaqible to specify a value on one dimension without also specifying a

o

. ‘ &L
value on the other dimenaion.’ So, gpr example,~§”etg§ight line must have

both a.location and an orientation. - ) S

Garner_ (1974; see also Lockhead 1972) suggests that cfassification of
. stimuli produced by correlated iombinations ‘of integral dimensions is facili-"

tated because the stimuli are more discriminable. Integral dimensions are

presumed to combine according to Ehe‘tules of Euclidian geometry, and when-

-

stimuli-differ on two nominal dimensions simultaneously, they have 3 functional

interstimulus difference which is greater than either dimension alone provides.
. . »

¢ - v * .
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) Felfoldy (1974) has offereg‘nn-explanntion of interferunce ‘with integral

s

dinmensiones in terms cof sequential effecto in the reaction time process.
Orthogonal combination of two binary, integral dimenoiono, because the
Aimensions are integral, produce four functionally distinct stimuli uhereas‘
control conditions, where one dimension is held conetant, involve only two
different stimuli. Therefore. from tria1 to trial, stimulus repetitiono
are less frequent in orthogonal conditions than in singlejdimension control
~conditions. - It has been known for mnny years that reaction time to a stim- -
ulus is faster if the stimulus is a repetition of the previous stinulnp
than 1f the stimnlus represents d change from the last trial (e:g., Hyman,
1953; Rornblum, 1973). Thus, Felfoldy argues tnat‘interferenc& in classifi-
cation of stimuli produced by oxthogonal combination of integral dimensions .
occurs because stimuluo repetitions Are less frequent. That is, the greater
freqnency of stimulus change infi es the average reaction time in orthog—
onaivconditions relative to controi conditions'where etimulus reoetition and
stimulus change are %qually frequent. ‘ 'g

i The experiments we want to report to you today were not designed to
test oirectiy between.parellel and integral processing. Rather, they were 1\:
'intendeo to meet the less ambitious goal of providing a test of Felfoldy's
sequential effects explanation of interference. The first experiment employed
the continuous classification, card—eorting task, previously used by Garner |
and Felfoldy (1970), to empirically establish the integrality of line loca-
tion and orientation. The second experiment "used discrete trials, with large
response-stimulus intervals (13 secs) to test Felfoldy s hypothesis. At
such large iatervals repetition effects tend to disappear (RKeele, 1969;

Smith, 1968; Williams, 1966). The question 1s, do interference effects

also disappear.
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In the first experiment, the basic task consisted of_aorting;decké of ., 1
32 stimulus cards (vhite, 12.75 cm high X 7.65 cm wide) into lefthand and
righthand piles,Vcorresponding to the two levels of the relevant dimension.
Each subject was instructed to sort the decka as fast as possible, consis=

tent with only an occasional error. Sorting time and number of‘errors was

w

. recorded for each deck.
The first slide (Figure 1) illustrates the fadr decks used. - Frequency
: ~ . . :
of each kind of card within each deck is.indicated in parentheses below each,

card. The stimuli were straight line segments, 2 cm in_length,‘-tilted“30o
~ | ‘ o
clockwise or counterclockwise about their centers, and/or with their centers

displaced 1 cm right or left from the center of the uppér half of the card.
Two of the decks were single dimension controls, variation occurring only in ,

the relevant, sorted dimension. The other two decks were experimental E;éii)

ditions in which the two dimenaions,varied in a correlated or orthogonal\“'

> . . ~

manner. These experimental decka were sorted by either orientation or
location on different occasions. Thua, there were aix baaic E?nditions in

the experiment, defined by the‘pombination of which of e éno dimensions .
- ' . 4

S,

. Co . T / . .
was relevant on a given trial and three kinds of stimdlus sets; single, i

correlated .or orthogonal dimenaiona.
<.

. Twelve undeigraduate volgnteers performed six times under each of the .

‘4

six conditions, each condition appearing once in each of six aucceaaive .

\?ial blocka. Each'anbject received a different order of the six cohditiona,

specified by Latin squares, and the order of conditiona was reversed on

succesaive trial blocks. Thus, ordinal position was counterbalanced for all

N

cnnd{tione .across "subjects. Data was analyzed only for the laat five trial

blocka, the first trial in each condition being considered practice.,

.

K3
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The next slide (Table 1) shows results expressed in mean milliseconds

per car}zéor’each of the six basic conditions. Analysis of error data

provide easentially equivalent information That 1is, error rate and sort-

ing time tend to be positively correlated, and there 1s no evidence of
| speed accuracy tradeoff. Faciliation appeared for correlated conditions,
and interference for'orthogonal;f;conditions‘.v This pattern is not different
| when the relevant dimemsion is orientation and when it is location. and
| there .is no overalle between the two dimensions. _

' Thus, the ;resent results agree with predictions from one of the sets
. of converging operations suggested by Garmer (1974) to identify intergal
"dimensions .Tt 1s, therefore, reasonable to assume that line orientation
and location are not primarily processed for dimensional structure. but as

points along a single dimension of psychological similarity.

In the second experiment, each of 18 volunteers received six blocks of

n v

33 diacrete trials. on each of two days.‘ The six trial blocks corresp0nded
;to the six basic conditions. dé‘iued by two dimensions and three stimulus
sets. Order of the six conditions vas specified by a Latin square, and
both block order and'order of‘trials'within blocks was revergsed on the
'second day.

. Stimuli were presented tachistoscopically for approximatley 150 msec,
and the response- stimulus intervsl (RSI) was 13 sec. consisting of a 10 sec
lighted adapting field and a 3 sec fixation1point.3 Stimuli were similar
to those used in the firstvexperiment. but linf length (4 cn) and amount
of displacement (2.3) wsre increased such that’the visual angle of the

stimuli in the tachistoscope matched that in the‘(irst\experiment when the

cards were held at reading distance. Subjects classified-the stimuli by

. ‘pressing lefthand or righthand buttons.

e
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’ A different within-block stimulus order was used for each of the-six
conditions, and the orders, were constructed to allow analysis of sequential
effects. -The orders of the 33 stimulus events were generated such that each

stimulus followed itself ang the other stimuli an equal number of times in

/

{

each stimulus condﬂtioa. That 1s, there wcte 8 repetitfqna and 8 changes
for éach of the two stimuli in single and correlated stimulus set$, and 2
repetitions and 6 chazges for each of the four stimuii in orthogonai stimulus
sets. Thus, the proportion of repetitions in single and cerrelated atimulus
sets was .50,land .25 in the orthogonal stimulus set. The & repetitions of
each stimulus in single and correlated sets consisted of four runs of length 2
and two runs of length 3. Tae 2 repetitions of each stimulus in the
'orthogonal get consisted of two rums of'length 2.

The next slide (Table 2) shows the mean reaction'time on errorless
ttialaa.for stimulus sets by dimensions, averaged over days. Iaterference
effects appeared for both location and orientation, although the magnitude
of, 1nterference is greater ‘when osientation is the diwension claasified._
Facilitation'was not significant for either orientation or location. ~ Felfoldy
also failed to find significant-facilitation effects, except at short RSIs
(82 msec). Thus, unlike intetference, facilitation does not readily occur
. with diacrete trials and 1arée RSIs, ahd this suggests that 1nterference and
facilitation are mediated-by.different mechanisms. .

Felfoldy (1974),’using easentially tae same procedure exdegt that the
longest RSI was approximately 1 sec (1080 msec), found that reaction time on
stimulus change trials was greater than on stimulus -repetition ttia;a, and
this difference was greater with orthogonal stimulus sets than witaAsingle

dimensions stimilna sets. Mereover, both repeticion and 1nterfereance effects

. ‘ .
tended to decrease with increasing RSI. Therefore, Felfoldy concluded. that

, ¥

8
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the overall increase in reaction time with orthogonal combinations of intepral
dimensions is larpely due to microprocesscs in sequential prqpesning,.i.e.,

processes which handle trial-to-trial sequentinl {nformation. The last slide

(Table 1) shows the relevant data on this question from the present cxperi-

5

ment.

Mean stimulus rcpetition and nonrepetition reaction times are shown for
stimulus scts and dimensions.f As cxpected, rcpetiLLon effects are virtually
nonexistent in this data. In fact, .a small, but siegnificant change effect
occurred for hoth dimensions with single”ann correlated stimulus sets; trials
on which the stimulus‘wns repeated being slower than nonrepetition trials.

If scquential proces;ing were involved, one would expect that interference

should not occur with orthogonal sets, since stimulus change is more frequent

in these conditions. However, interference is substantial, and the only effect

of sequence is a,smail repetition effect when orthogonal sets were classified
v ‘

by orientatiOn.6

Therefore, in the.oreaent experimént at least, ;nterference cannot be
attributed to an overall inflation in reactiaon time for orthogonal sets
caused by the greater frequency of stimulus change " For short RSIs sequential
processes may contribute to interference, as Felfol has suggested. However,
,with very long*kSIs substantial interference effects remain, and the obtained
sequential effects appear too small to account.for them. .This conclusion is
further enforced by’the fact th%t reaction time increased in orthogonal sets
for both repetition and nonrepetitions, suggesting that the causative factors
fur intcrference operate independently of stimulus sequencing. o

In conclusion, facilitation and interference remain oroblenatical'for us.

,
“t may be that long RSIs induce a get to further analyze the dimensional

structure of integral dimensions. th a processinp set may preclude reapo"-
an

based on Psychological similarity, thereby e#iminate facilitation‘effecta.

\'\
AN ’ '9
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In the case of orthovonal sets, such dimensional annlynis miﬂ!}\t produce

7
{nterference through respaasac compethtion  (Epeth, 1967). We believe that
i

further research will resolve these questions, and lead to a more complete

model of intepral proceasing than is currently avallable,

Q
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' followed immediately by a stimulus alternative for 150 msec. For ohe of

' . N . ) ) ’g . .
. . -'1.-" _— I ;;". P . v e ~ L :L:h o ,:’ ? -‘
c ? ' "S g o Footnotes PO N S R
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1Paper read by the first author at meetings of ’ the Hidwestern Psychologica}(-

Association, Chicago, Illinois, May 1976. These experiments were su ported i&'

part by Research Grant Mﬂ 24420-01 from the Vational Institute of Hen 1. -

} '¥ ‘1;..’3
Health. The authors are~also gra/qul for the a3sistance of Patricia McBurney -
t ’ L .

in pilot work. Inquiries should be addressed to Gordow I. Redding, Department

ri

of Psycholﬂﬁy,FIllinois“State,University, Normal, Illinois 61761.
2Poénerb(l%lo) defines gating or filtering tasks as,those "which allow

9ub1ects to reduce information by ignoring aspects of the stimulus" (p '495).

3

This definition i1s- best met when relevant and irrelevant dimensions vary

orthogonally. When the dimensione covary there is no reduction of»informa—//
s ; 4 . I

tion‘since the irrelevant, ''ignore" diﬁension is redundant. Here, we use

the term gating more descriptively to indicate instructions to the subject.
TThile this usage violates strict definition, it 1is not withoﬁt precident ' \
(e.g.; Kahneman,  1973). .

3The_lé suhjects were actually divided into three groups, differing_inv

stimulus duration and the immediate poststimulus event. Subjects in two of

the groups first fixated a small cross in the center of the field f?r 3 sgec

‘

these groups a pattern | mnask immediately followed the stimulus presentation

and._ was_;erminated by the response, while for the other a blank lighted

]

field follof ed the stimulus.l For ‘the third group of six Subjects’/pe fixa-

v tion cross was followed immediately by a stimulus which remained on unt i

a response was_initiated. Thus, the stimulus duration and interstimulus

interval varied slightly across subjects, but since there were no signifi-
cant effects involving groups, the design and data are simplified for the

present paper. : o {

. 13
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) . AErrors were few (.03 per trial) and analysis of all of the data

)

revealed es%entially the ‘same pattern of re8u1t8 given. by only errorless.
LI X
trials. As in the firstLexperiment,<efror rate and classification time
. & /
‘ tenmed to covary, and when data from/dll trials are included reaction time:

.increases slightIy rather than decgeasing as might be-predicted of Speed-

accuracy tradeoff were involved. Mean reaction’ time is lower .than in the
p .
\

first experiment (see;Table 1), but this\pay”be attributed to~the fact

that Tesponfe execution.time‘and error trials are included in the

)

éatﬂmates of classificagion time - for the continuous task. i -
* N ‘ .
5Estimates of the means in Table 2 based on the data given in Table 3
will differ glightly from the actual values shown. This is unavoidably

due to differences in- the n for the subject means used to compute the

- values in Table 3.

6The means for nonrepetitions include data from trials on which both
the'stimdlus and the response,changed and ttiala on which only the stimulus

changed, the response being repeated. The data have been analyzed for
[ . ¢
effects of stimulus and response repetitions, and transitions for relevant

*

¢ and irrelevant dimensions. Since these analyses do nQ:\iee?Ato substantially

alter our conclusions we do not present them in this brief report. We hope

-

shortly to report the data more complﬁﬁely in ‘a publication draft.

7These predictions regarding interference and facilitation effects are
based\on the following logic; given an n-dimensional structural analysis, the

.

perceptual system will produce o response signals, one for each dimension. Each
‘respon;; seignal functions as an input to the response selector. ,It.is clear
that any 9ummative operation on the response inputs;to the response selector
should lead to facilitation in the cotrelated condition as well as interference
in the orthogonal condition. The aasumption hete is that -the response selector
—}tests for conflictinglinputs'and,-readdng no competing signals, simply outputs
‘the common respense signal. Thua, there is no differential prediction for
. ' 2 i 3
, 14 | /\
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single and cprrelated cgﬁditivons.~ Orthogonal ‘conditions, however, do lead to

4 conflictdng inputs to/xhe-aesoonse selection mechanism, and some routine to
. g4 ; o

call'inforhation rsggrding the rélevant dimension is required. The time re- A
\ 7 : » ) : .
. Ny A : }
“.quired to call tgé/additional information appea‘% as interference fof“”“//
j i - . :
o
orthogqnat'copditions. ‘ .
o o ’ ' A
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. S-ING\..E DIMENSIONS:
* ORIENTATION

QQRRELATED'DggENSIONS

K

.
.
/ .

‘ :

/

/&
- (16) - (28) . (16) (16)
" SINGLE DIMEWSIONS - ORTHOGONAL DIMENSIONS
LOCATION " -
e T as) (85 (8)
(:‘
k)
/
(8) (8)

Fig. 1 Four types of stimulus decks used in Experiment 1. Frequency of

stimulus ‘alterngtives within decks is shown below each card diagram.
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Table 1

3 »
N ?

Sortihg Time\?git Continuous Trials Expressed as ifean Time per Card

(msec) and Shown for Each of Two Stimulus Dimensions and Three Stimulus

- . . _ . -
Conditions. Experiment I. . . . , //’ . A
. . . g g" .
. y .o
o / AN
— b

. ) 4 —— :
Type of Stimulus Set —

h ~ b
~ -
Dimension | N Single Correlated Orthogonal
Classified D minsions“ Dimensions Dimensions Hean
Z : : PR
Orientation 535.6 . 503.1 561.3 . 5334
Location ~N’51h.7_ 499.7 559, b 52k. 7 |
Mean 525.3 T 501.3 . 560. . 529.1
o L ) %
y)
" ‘;

L
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-ay °
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. - Table 2 - e o
\ \ L R _
(’ " Reaction Time (msec) for Discrete Trials for Each of Two Stimulus’' k‘?\;
. S . . .
Dimensions and Three Stimmlus.Conditions. Experiment II%\\~ L, N ) \3
. ' P L. s . . N,
. « : t
\
t
' Type ‘o,f Stimulus Set ,
’;‘ D s " b d
Dimension *Single Correlated . Orthogoneal . a
Classified Dimensions ~ ' Dimensians Dimensions Mean
Orientation 463.8 1448.8 561.6 » o1l y L
N : . N ’ . ’qﬁ,‘? . )/( .
Location 416.8 PR V-7 P ‘ Wbk 428.0 - - '
 Mean  © . 440.3 435.8 503.0 - . 459.7 -
A N
" s
’ v f- : -
) .
- A
. ‘ X4 -] '
s A . : .
. ;*"" }k\ °
g '.'3""(,{%
AN
A . ¥ "é}'\{.‘“ : .
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- ‘Tabl

(ﬁB
. Mean Reaction Time (msec) for Each of Two Stimulus Dimensions with =

»

‘Three Stimulus Con'ditioﬁsfas a Function of Trials on which the Stimulus

%peated (Rep) or 'Not Repeated (NRep) Prece@ing Trial. Expériment II.
A ' ! < f . :

4

-

Type of Stimulus\\Se't
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