THE UNIVERSITY OF ARIZONA UA CAMPUS

University Libraries REPOSITORY

REACTION TIME FOR NUMERICAL
CODING AND NAMING OF NUMERALS

ltem Type text; Dissertation-Reproduction (electronic)

Authors Windes, James Dudley, 1937-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material

iIs made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date

24/08/2022 19:37:54

Link to Item

http://hdl.handle.net/10150/284780



http://hdl.handle.net/10150/284780

i e St w4 e e

This dissertation has been
microfilmed exactly as received 67~-1081

WINDES, James Dudley,-1937-
REACTION TIME FOR NUMERICAL CODING AND
NAMING OF NUMERALS,

University of Arizona, Ph.D., 1966
Psychology, experimental

‘University Microfilms, Inc., Ann Arbor, Michigan

T T e ot et et v e i ".‘,:‘—(:'{ !'



REACTION TIME FOR NUMERICAL CODING
AND NAMING OF NUMERALS

b&)bﬂ

James D:’Windes

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF PSYCHOLOGY

In Partial Fulfillment of the Requirements
For the Degree

DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARLZONA

1 96€6



THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my

direction by James D, Windes

entitled REACTION TIME FOR NUMERICAL CODING AND NAMING
OF NUMERALS .

be accepted as fulfilling the dissertation requirément of the

degree of Doctor of Philosophy
\am&o 2: Azby_éL 7/27 /1{\(
DisQZ}tation Dire@}or Date / /

After inspection of the dissertation, the following members
of the Final Examination Committee concur in its approval and

recommend its acceptance:*

/TW/%/ | 2/22//'é
A7l

225/ ¢

TN

E~t A —tot

*This approval and acceptance is contingent on the candidate's
adequate performance and defense of this dissertation at the
final oral examination. The inclusion of this sheet bound into
the library copy of the dissertation is evidenceof satisfactory
performance at the final examination.



STATEMENT BY AUTHOR

‘ This dissertation has been submitted in partial
fulfillment of requirements for an advanced degree at
The University of Arizona and is deposited in the
University Library to be made available to borrowers
under rules of the Library.

Brief quotations from this dissertation are
allowable without special permission, provided that
accurate acknowledgment of source is made. Requests
for permission for extended quotation from or repro-
duction of this manuscript in whole or in part may be
granted by the head of the major department or the Dean
- of the Graduate College when in his judgment the
proposed use of the material is in the interests of
scholarship. In all other instances, however, permission
must be obtained from the author,




ACKNOWLEDGMENTS

This study was conducted during the author's
tenure as a National Aeronautics and Space Adminis-
tration Trainee, and he wishes to express his gratitude
to that agency for funds made available in support of
the study. He is also indebted to the National Science
Foundation for grant GB 3955 which made possible the
purchase of some laboratory supplies.

The author wishes to acknowledge the assistance
rendered by Thomas E. Sitterley in obtaining and
preparing some of the necessary equipment for this
research, and to thank Dr. Ronald H. Pool and Dr.
Robert W. Lansing for helping to further its completion
in various ways. The author is especially grateful to
Dr. Neil R, Bartlett and Dr. James E; king for their
encouragement, guidance, and many helpful criticisms

throughout the course of the study.

iii



TABLE

LIST OF TABLES . . . &
LIST OF FIGURES . . .«

 ABSTRACT C e e
INTRODUCTION C e e
HISTORY C e e
METHOD c e e

SUbje'cts e o o o
Apparatus . . o
Procedure . + . .
RESULTS . e e s

Experiment I . .
Experiment II . ,

DISCUSSION o o e
SUMMARY * ¢ o

SELECTED BIBLIOGRAPHY

OF CONTENTS

iv

17
17
17
19
25

25
28

36
N

46



Table

I.
II.
III.
IV,
V.

VI.

LIST OF TABLES

EXPERIMENTAL DESIGN OF EXPERIMENT I . ., .
EXPERIMENTAL DESIGN OF EXPERIMENT II . .
SUMMARY TABLE FOR EXPERIMENT I ¢« o e
SUMMARY TABLE FOR EXPERIMENT II v s e e
SUMMARY TABLE FOR TASK Tl (EXPERIMﬁNT IT)
SUMMARY TABLE FOR TASK T2 (EXPERIMENT II)

23
24
26
29
33

34



Figure

‘20

3.

LIST OF FIGURES

Mean reaction time for three naming
responses to single Arabic numerals
and to corresponding amounts of
arbitrary symbols . « ¢ « ¢ ¢ o o o

Mean reaction time for three naming
responses to multiple Arabic numerals
under two task conditions, one
requiring the identification of
individual numerals and the other
requiring the identification of the
amount of numerals presented . . . .

Comparison between Experiments I and
II of mean reaction time for three
number-naming responses under two
task conditions, one requiring the
identification of individual numerals
and the other the identification of
the amount of figures presented . . .

vi

L]

Page

27

30

35



ABSTRACT

Recent studies have provided support for the

- conclusion of several early psychologists that con-
ventional names or symbols can be verbally identified
faster than the simple objects or features they desig-
nate. Since the naming responses are identical for both
types of identifications, investigators have generally
attempted to account for the latency difference in terms
of differences in the subject's experience with one type
of stimulus as opposed to the other. One early hypothe-
sis, also favored by contemporary psychologists, held
that more response conflict existed for concrete stimu-
lus features than for their conventional printed
designations,

Whereas most previous studies thus controlled
for possible response differences, but not stimulus
differences, in comparing latencies for the two types of
identification tasks, the study reported in this paper
attempted to control in one experiment for both
stimulus and response differences. The method used was
based on a technique originally devised to test for the

additional delay that might be produced in making

vii
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color-naming responses by presenting color names printed
in inks of different colors. Instead of color stimuli,

| however, number stimuli were used in this study.

The research was divided into two separate
experiments. The first required the naming of the
single numerals 1, 2, and 3 under one task condition
and the naming of corresponding quantities of cross-
shaped figures under the other. The second gxperiment
used the same numerals in groups of one, two, and three
for both a numeral-naming condition and a quantity=-
naming condition. For three of the stimuli in the
second experiment (1, 22, and 333), the same verbal
response was required to the same stimulué under both
the numeral-naming and the quantity«naming conditions.

Although the results of the first experiment
showed reaction time to be faster under the numeral-
naming task than it was under the quantity-naming task,
this difference was not statistically significant.

In the second‘experiment, however, reaction
time in naming the quantities of numerals was signifi-
cantly slower than it was for naming the numerals
themselves. This was true even for the subset of
stimuli which required the same naming responses to the

same stimuli under both task conditions. Nevertheless,
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under both the numeral-naming condition and the quantity-
naming condition, the time required to respond to the
stimuli in this subset was significantly faster than the
time required to respond to the other stimuli, which
lacked numeral-quantity equivalence.

It was concluded that sets of stimuli which
combine both concrete and symbolic number character-
istics affect the latency of number-naming responses in
the same way as stimuli which combine concrete and
symbolic coleor characteristics affect'the latency of
color-naming responses. It was further concluded that,
in addition to greater response cqnflict, greater identi-
ficationgetask conflict and a largef number of coding
operations required in making some types of identifi-
cations, might produce longer reaction times for ﬁaming

objects under some conditions as compared to others,



INTRODUCTION

It has long been recognized that reaction time is

significantly related not only to various physical
paraneters of the stimulus, such as its intensity, size,
duration, etc., buf also to variables outside the
subject's imnediate physieal environment, One such
variable s that of stimulus infornation, which varies

with the probability of occurrence of a stimulus in re-

hﬁmtoﬂMerMRsﬁmu.wnhMPMdml&m@

in the stimulus itself,‘choice reaction time to that
stinulus may still change if the probability of its
occurrence is changed,

Thus, not only are the physical agpects of the
stinulus and response known to be related to reaction
tine, but also certain features of the sets of which
they are nembers, In addition to features of these sets
2 established by the conditions of an experinent, more-
over, features associated with the subject's past
WMmemwmmemmhmmmm
meMWMHMMSmﬁmdﬁhmrmSMm

which they are taken, has been shown to affect reaction

tine (Fitts and Switzer, 1062),

Tt renains to be seen whether any general
interpretation can be given to all the various types of
set-characteristics and contextual factors that have
been found to affect reaction tine, Interpretations in
terns of infornation theory have proved to be more
difficult than once might have been supposed, This
dMMMmewduMﬁwmrmMﬂM%ma
nnmmmmmmmemamnﬁuw These
studies are concemed with choice reaction tine for
naning responses, to stinuli taken fron sets of con-
ventional synbols like letters and numerals.

PmMMRﬂHMMoH%Mmﬁmmr
naning different types of stinulus materials, however,
have a history alnost as long as that of experinental
pmMMyMﬂLmemm&mtmmmﬁm
background of the present study can be complete only by
including the findings of some of the early investis

gations, in addition to the more recent ones,



HISTORY

Since the early studies of J. M. Cattell in the
1880's, there has been evidence that conventional names
or symbols for simple obijects. can be reported faster
than the objects themselves. Cattell (1886a) reported
that the time for naming colors was about the same as
that for naming pictures (over 1/2 sec.), but that thése
times were about twice as long as those for naming words
and letters. From various experiments, he concluded
that a single color or picture can be recognized faster
than a word or letter, but takes longer to be named. 3e
accounted for the differences in reaction time as follows:
"This is because in the case of words and letters, the
association has taken place so often that the process has
become automatié, whereas in the case of colors and
pictures we must by a voluntary effort choose.the name.,"

Bourdon (1808), using himself as his only
subject, compared reaction times for naming small
numbers of luminous points, Arabic numerals, and the
words corresponding to the numbers and numerals. He used
an ingenious mouth switch to trigger a Hipp chronoscope,

and measured individual reaction times for each stimulus.



Although he found that the numerals and words could be
named consistently faster than the corresponding groups
of points, he concluded that the differences were
negligible.

Cattell's and Bourdon's studies led Brown
(1915a, 1915b) to carry out two studies of naming times,
one for colors and color words, and one for quantities
and corresponding words and numerals.

Brown interpreted Cattell's hypothesis as pré-
dicting that sufficient practice would make it possible
to report simple objects or qualities as fast as their
corresponding names or conventional symbolic desig-
nations. In the first study, Brown (1915a) found that
practice slightly decreased the reporting times for both
colors and their printed names, but only up to a certain
point, after which the improvements leveled off. Brown
used a modified form of a color-naming test devised by
Cattell, and concluded that, even after 12 days of
practice, there was no indication that the ratio of
color-naming times to that of word-naming times was
approaching unity. .

In the second study, Brown ElQISb) obtained

similar results using small groups of printed marks,



Arabic numerals, and their printed names. Contrary to
Bourdon's analysis, Brown concluded that the time
required to name the number (i.e,, quantity) of marks in
a small group was significantly longer than the time
required to name the corresponding word or Arabic
numeral. After allowing his subjects to practice both
tasks for 11 days, he concluded: "This experiment
agreés with color naming in the essential point that the
ratie between the time required to name an object and the
time required to name its symbol resists the action of
practice.”

Until recently, almost all direct comparisons of
reaction times for naming simple, concrete stimuli and
their corresponding names or conventional symbols, since
the studies carried out by Warner Brown, have been
restricted to the use.of colors and color-words.
Woodworth and Wells (1911), Peterson, Lanier, and Walker
(1925), Lund (1827), and Ligon (1932) all performed
experiments comparing the times for naming colors and
for naming the corresponding words, and confirmed that
the same verbal responses could be elicited faster by
color-words than by the colors themselves, Howevef,
they disagreed as to the relative importance of practice

in accounting for their findings, and some pointed out
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that the notion of practice itself could be interpreted
in various ways.

Peterson, et al, (1925), for example, proposed
that the difference was due not so much to more practice
per se in responding to words as opposed to colors, but
- rather to more practice in making only one kind of
response to the words while making many different kinds
of responses to the colors:

To the written words "red," "blue," "green,"
etc.,, the subjects have as a rule given in the
past but the one response of pronouncing

(vocally or subvocally) the names of these
colors; whereas on seeing the colors red, blue,
green, etc., they have responded in many
different ways, as grasping and eating, handling,
perceiving and admiring, etc.,

Peterson's suggeétion, which may be termed the
"response-conflict hypothesis," held that "one specific
response-habit has become associated with each word,
while in the case of the colors themselves a variety
of response tendencies has been developed.,"

The response=conflict hypothesig has continued
to be looked upon favorably by several contemporary
psychologists, even though its early origin sometimes
goes unmentioned. The following quotation from Morin

and Forrin (1965), for example, bears a striking re-

semblance to that of Peterson, et al. (see above):



The dominant response to a numeral, as to a
letter, is its name, Similarly, the dominant
response, of high associative strength, to a

picture of a dog . . . is- the word "dog." But
whereas a picture of a dog may readily be renamed
--"mutt," "canine," "Rover"-- an 8 is an 8 is an

8, and it is uncommon to call it anything else.
FTor numeral-numeral associations there are few,
if any, competing responses, and such as may
exist are minimal in strength.

Morin and Forrin, of course, were not restricting
their hypothesis to account only for differences between
naming times for colors and color-words. These writers
had explored the relationship between stimulus infor-
mation and reaction time for naming responses using
letters, pictures, drawings, colors, and geometric
figures. They found that, despite the high familiarity
of all the stimuli, only in the case of the letters did
reaction time fail to increase with increases in the
sizes of the stimulus sets.

Like Lund (1927) and Ligon (1932), Morin and
his associates reasoned that, if practice was responsible
for the differences, then the reaction time for young
children in naming symbols should be similar to that of
adults in naming simple concrete stimuli, i, e, it should
increase wi?h.larger stimulus sets, Accordingly, Morin
and Forrin (1965) tested choice reaction time for
children in the first and third grades, using a numeral—A

naming task with stimulus sets of different sizes. They



found that the mean reaction time for third-grade
students was significantly shorter than that for first-
grade students, However, like adults, the children in
both groups did not show an increase in naming times with
an increase in the number of stimulus,K alternatives.

In another study, Morin and Forrin (1962) found
that choice reaction time for the naming of numerals was
lengthened by the inclusion in the stimulus~-response sets
of geometric symbols given an arbitrary numerical desig-
nation. They interpreted this finding as an indication
that, even though associations may be highly overlearned
or compatible, their latencies may be increased by the
presence in the stimulus-response sequence of associ-
ations of low compatibility. In a subsequent study
(Morin and Forrin, 1966), they showed that requiring
subjects to remain silent to a given subset of numerals,
or to respond with the single designation "No" to members
of that subset, produced longer reaction times to
numerals that were named than would be predicted from
properties of the stimulus sequence alone. Again they
interpreted their data as supporting some sort of
response-conflict hypothesis.

There have also been other studies recently of

naming responses using stimulus materials other than
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colors and their names, Fraisse (1960) used geometrical
figures (square, triangle, hexagon, octagon) and their
four corresponding names. He found significant differ-
ences not only between the latencies for figure naming
and word naming, but also between those for triangle
and square naming on the one hand and hexagon and octa-
gon naming on the other. Fraisse inferred that a
"supplementary coding" is required for subjects to
furnish names of concrete stimuli.

Fitts and Switzer (1962) suggested a similar
difference in coding processes to account for findings
such as those of Mowbray (1960) and Brainerd, et al.
(1962). These latter investigators, like Morin and
Forrin in the studies referred to above, found no increase
in reaction time for naming numerals when the number of
stimulus alternatives was increased. Fitts and Switzer
suggested that a "direct association mechanism" might
operate in the case of naming conventional symbols,
while a "search or statistical decision mechanism" might
operate for other types of stimuli.

In the same article, Fitts and Switzer reported
that reaction time for naming members of small, familiar
subsets of numerals or letters (e.g., 1, 23 A, B, C)

was faster than for naming these stimuli in larger,
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familiar sets of which they were normally a part.
Latencies for small, unfamiliar subsets (e.g., f, 73 E,
P, B), however, were about as slow as for the larger sets.

The notion of response conflict as a cause of
increased latency in méking haming responses continues to
be advanced by psychologists, Some, such as Berlyne
(1957) and Garner (1962), have even suggested that
response conflict might.be the most important source of
increased choice reaction time in general., Garner points
out, however, that response conflict itself may exist for
a variety of reasons., The results of some of the studies
cited above suggest that the basis for this conflict may
lie not only in the nature of the stimuli and responses,
and relations between them, but also in the nature of the
relations between these elements and the over-all sets or
classes of which they are members.

Naming a stimulus object or quality almost always
involves identifying, and perhaps classifying, that
object or quality. Besides Fitts and Switzer (1962),
0ldfield and Wingfield (1964, 1965) have been concerned
with the possible role of classificatory systems in
memory, and their possible relation to latencies in
naming objects., In their work with both normal and brain-
injured subjects, 0ldfield and Wingfield found that a

high correlation existed between the time taken to name
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an object and the frequency with which its name occurred
in a language. They were thus led to the conclusion
that storage mechanisms involved in object naming are
organized according to a classificatory system, and that
access is gained to items in the store by the use of a
hkey." Their findings also led them to conclude that
the store is so arranged that the more frequently
required items are the most quickly and easily accessible.

However, 0l1ldfield and Wingfield's explanation
could hardly account for the greater speed with which,
for example, color names are identified in comparison to
the actual colors, since the names are identical and
occur with equal frequency. At least, this would seem
true if the presumption is made that the significant
items stored in memory acéording to a classificatory
system are items specifically leading to a particular
naming response. This presumption, however, is question=-
able; might two objects not still be classified
differently even though the same naming response was used -
for both classifications? Must one presume that, because
we respond with "red" to the color red and also with
"red" to the word red, that the color and the word are
being classified in the same way, i.e, as belonging to

the same class?
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A clue as.to how this type of question might be
explored experimentally can be seen in the method
devised by Stroop (1935a) to test further the latency
differences between color naming and color-word naming.
Stroop noted that a printed word naming a color might
also be made into a colored object, so that reaction
time for color naming and color-word naming could be
measured using the same stimulus items. lle presented
color words (i.e., names of colors), printed in inks of
different colors, so that no word was printed in the
color it named. He also pfesented words in black ink,
and neutral symbols in colored inks, so that he could
compute the reaction-time differences for naming words
in colored inks and in black ink, and for naming the
colors of words and the colorg of neutral symbols.
Using percentage differences, Stroop concluded that the
interference of word-naming tendencies on the color=-
naming task was much greater than the interference of
color-naming tendencies on the word-naming task.

Stroop also favored Peterson, et al,'s response-
conflict hypothesis, and later (Stroop, 1938) carried
out a series of experiments designed to test the
hypothesis., He did not use the interference technique

referred to above, but instead had one group of subjects
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give only naming responses to a group of nonsense
syllables, and had another group give various types of
responses, including sorting, collecting, tapping and
éhecking responses., Although the subjects in both groups
all practiced an identical number (1200) of total
responses, the scores for the first group were found to
be consistently shorter, and Stroop concluded that |
"reaction time to stimuli is shorter when one response
habit has been established than when several different
response tendencies have been developed." |
Using Stroop's interference technique, Klein
(1964) had subjects name the colors of words grouped into
different semantic categories (nonsense syllables, rare
words, common words, color-related words, words naming:
colors other than the stimulus colors, and last, words
naming the stimulus colors). He found that, as hypothe-
sized, the conflict was least in naming the nonsense
syllables, and increased by steps as the closeness of
the word—meanings to the colors increased,‘until finally,
a marked increase in conflict occurred for the words
naming colors taken from the set of stimulus colors
itself, From this experiment, Klein concluded that the

speed in naming the color of a printed word depends on



the word’s meaningfulness generally and upon its
closeness of meaning to the relevant color-nane responses,
In another experinent, Klein had his subjects
respond both to the colors and to the verbal content of
the color words, one response following the other, Using
a subtraction procedure, he inferred that naning colors
in the word-then~color sequence was easier to do than
mmthchMmMﬂwmmaﬂnmswmm
task, Like Fraisse (1960) and others (see above), Klein
also concluded that some sort of extra "coding
operation,” not required in naning a word, is required
for assigning a concrete stimulus its proper nane,
Thurstone and Mellinger (1953) and Jensen (1965)
have used factor analysis on various scores obtained from
tests of the type devised by Stroop, Jensen analyzed
eleven different seoring formulas, and concluded that
three basic factors could account for all the different
scores:‘ 2 color-naning factor, an interference factor,
and a reading-speed factor, He also concluded that
"whatever it is that causes color naming per se to be
nore difficult than word reading, it is not at all the
same kind of difficulty that makes for slowness on the

color=word interference card,”

Apparently, the interference method devised by

Stroop has been used only in the case of colors and

color words, Those who have used it, moreover, have not

included as stimull words which named the same colors as
the inks in which they vere printed, They have used
words printed in black ink, and words having conflicting
color-name features, but not individual words having the
sane colors as they named, (Kleln used only words which
naned colors of other words'in other sets, or colors of
other words in the same get,)

Hovever, the use of the interference technique in
this fashion affords no real testing of the possibility
tMthhdMi@mRMSHMMSwkﬂsmmtm
dwﬁﬁwdﬁhmmwewnmw@immkﬂang
responses were used, and further, that conflicting
tendencies to classify or code a stimulus in different
ways might exist In addition to, or in the absence of,
conflicting tendencies to produce different naming
responses, The question arises, in other words, as to
whether the psychological process of classifying an
object can be adequately expressed in tems of making a
partioular naning response to a particular stinulus iten,
and none of the studies cited above make any direct

attempt to answer it,
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Many of the studies, especially those of 0ldfield
and Wingfield (1964, 1965) and Klein (1964), strongly
suggest the ordering of items in memory storage according
to some sort of hierarchically organized classification
system. Moreover, many investigators, from Cattell (1886)
to 0ldfield and Wingfield (1965), have pointed out that a
thing'muét be identified before it can be named, and acts
of identification may or may not be the same for given
naming responses. The operations of identification and
classification, therefore, may be regarded separately
from that of naming, even though the first may never
occur without the last occurring also. Yet, in the
studies cited above, the measuring of latencies for
different identifying or classifying activities is invari-
ably confounded with the measuring of iatencies for
reécfing to different stimuli, or using different naming
responses, or both,

The present study attempted to test for possible
reaction-time differences between different types of
classifying operations that were not associated with
different types of naming responses or stimulus con-
ditions, and used stimuli other than colors and color

words.



METHOD
~,Subjects

Thirty-six undergraduate male students from the
University of Arizona served as Ss, eighteen being used
for each of the two experiments. Each‘g_was paid $1.00
per session for his work in five experimental sessions

that lasted approximately 30 to 45 minutes each.
Apparatus

An Industrial Electronic Engiheeré fhree-unit
in-line readout assembly (Series 130) was used to present
stimuli consisting either of Arabic numerals (1, 2, 3)
or crosses (*+)., Both the numerals and crosses could be
made to appear in groups of one, two, or three identical
figures. The stimuli were projected onto a viewing
screen as light figureé against a dark background. The
readout assembly was mounted on a display panel 3 ft,
from S in a sound-resistant room. The room was darkened,
with indirect lighting sufficient for S to see the
viewing screen on the display panel. 8S's head was held

in position by a chin rest mounted on a tripod.

17
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White noise to mask extraneous sounds was
presented throughout the course of the experimental
sessions., Presentation of the stimuli was programmed
through the use of a California Technical Industries
8-channel paper tape reader (Model 220), with successive
outputs pulsed by two Hunter Decade Interval Timers.
The timers were set to pulse at constant intervals of
1 sec. duration, and S§ himself controlled a floorswitch
to pass current into the tape reader. The tape reader
stepped as soon as the floorswitch was closed and again
" after that each time a pulse was emitted by the timers.
The tapes were programmed randomly to allow either 2 or
3 steps after the closing of the floorswitch before the
stimulus was exposed, Since S could close the floor-
switch at any point before the next pulse from the timers,
and he had no way of knowing when this would be, the
actual foreperiod preceding the exposure of the stimulus
.could vary from very near 1l sec., upwards to 2 sec, when
the tape was programmed for 2 steps, and from very near
2 sec. upwards to 3 sec. when it was programmed for 3
steps. S thereby not only initiated his own fore-
peridds, but also was responsible for a random variation
in their duration beyond that produced by the way the

stimulus tapes were programmed.
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The tapes were also punched so as to allow each
stimulus to remain exposed for an interval of 2 sec.,
irrespective of the duration of the foreperiod or of S's
vocal response. The presentation of a stimulus caused
a Hunter Klockounter to begin measuring S's vocal
reaction time in milleseconds. S's vocal response
activated a Grayson-Stadler Voice-Operated Relay (Model
E7300A) to stop the Klockounter and enable E to record
the reactibn time. E monitored S's voice response and
all sounds made in the experimental room by means of a

two-way intercom that E controlled.
Procedure

The research reported in this paper has been
divided into two separate experiments, which will be
referred to as Experiment I and Experiment II.

The stimuli in Experiment I consisted of single
numerals (1, 2, 6r 3) under one condition, and of crosses
(+, ++,Vor +++) under the other. In Experiment II they
consisted of single and multiple numerals (1, 11, 111,

2, 22, 222, 3, 33, 333) under both conditions. Since
——there were three different possible positions for the
single-figure stimuli, each of these was programmed to

appear randomly an equal number of times in each of the
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three possible positions on the viewing screen, Likewise,
since each of the double-figure stimuli could occupy
either of two possible positions (without separating the
figureé), they were programmed to appear randomly in each
of these positions an equal number of times.,

In both experiments, half of the Ss were assigned
the task of naming numerals according to their identities,
and half were assigned the task of naming the quantity of

figures presented (i.e,, subitizing them, Kaufman, et al.,

1949)., Both experiments thus compared the two different
tasks according to a between-subjects design, unlike
most'experiments reported previousiy. This design enabled
each S to have more practice in performing only one type
of task, thué removing one of the possible sources of
response conflict which several investigators have *
hypothesized as being a sighificant factor in studies of
this type.

All Ss sat for the same total number of experi-
mental sessions and trials per session. Sessions were
held for each S on successive days, except on two
occasions in which two of the sessions were separated
by a period of about 10 hours on the same day. A total
of 136 reaction-time trials were made at each session,

with random orders of stimulus presentations
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predetermined according to the programmed tapes. Two
different tapes were used, so that S had a short rest
period halfway through each session., The first 9 trials
at the beginning of each tape were for warmup only, and
only the data collected during the last two sessions,
exclusive of the warmup trials, were used in the
analysis of results. The first three sessions were
regarded as practice sessions.

The designs used for analysis of the data from .
Experiment I and Experiment II are shown in Table I and
Table II, respectively.

In Experiment I, the first task condition (T,)
required the naming of the single numerals 1, 2, and 3,
The second (T,) required the naming of the quantities,
or subitizing, of the figures in the stimdli +, ++, and
t++. Ry, Ry, and Ry refer to the different response
conditions defined by the responses "one," "two," and
"three," respectively.

In Experiment II, the same set of stimuli was
used in both task conditions. In the first condition
(Tl), the Ss were required to name the numerals presented,
irfespective of their quantity. In the second condition
(T,), they were required to name the quantity of

numerals presented, irrespective of their identities.



22

Ri» Ry, R3 again refer to the three different response
conditions, while Kl’ K,, and K4 refer to conditions
defined by the stimulus sets (1, 22, 333), (2, 33, 111),
and (3,‘11, 222), respectively. The set for K,, unlike
those for K, and K3, contains numerals in quantitieé
equal to the quantities designated by the individual
numerals, Each of the stimulus sets was formed to
include each type of numeral and each type of quantity.

It should be noted that, except for Kl, the
actual stimulus-response pairs are not the same across
?Szh,task condifions. For K;, but not for K, and K,,
the identical naming response is required for the same
stimulus across both'task conditions: under both T1 and
Ty, "one" is the correct responée to 1, "two" the

correct response to 22, and "three" the correct response

to 333.



TABLE I

EXPERIMENTAL DESIGN OF EXPERIMENT

‘Task | Subject ~ Response

Rl R2

]
WO, WwN

11
12
13
T 14

16
17 .. :
18 .




TABLE II

EXPERIMENTAL DESIGN OF EXPERIMENT II

: Respbnse
: - Ry R,y : R3
Stimulus Stimulus Sfimulus
‘ Set Set Set
Task' Subject: Kt Ky [ Kq K1, Kot Ky Kl K, 1K
1 i
P2
. 3 !
: y
T 5
:1 .6
7
8
9
ST |
11
12
13 . .......
1y i
T 15 .
2
{ 16
17
18
e
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RESULTS
Experiment I

Mean reaction-time scores for the Ss under each
experimental condition were calculated from thg scores
remaining after elimination of those associated with
response errors. (The highest error ratio for a single
experimental condition was 9 out of a total of 216
scores, for condition T,R,K, in Experiment II.) The
results of the analysis of variance are shown in Table
ITII; Figure 1 shows the mean reaction times for each of
the three response éonditions under the two different
task conditions. |

Figure 1 shows that the numeral-naming group
was faster than the quantity-naming group, but the
difference between the two groups was not statistically
significant. The response effect was significant
(F(2,32) = 38,13 p<.001), and despite the differences
in the types of stimuli used for the two different
naming tasks, the interaction between the task and
response conditions was not significant.

In an effort to compare the times at which the
different vocal responses "one," "two," and "three"

25
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TABLE III
SUMMARY TABLE FOR EXPERIMENT I

Sum of Mean
Source daf Squares Square F
Task (T) 1 7,005,53 7,005,53 1.74
Subjects
W. groups 16 64,476,911 4,029,380
Response

(R) 2 14,8u43,07 7,421,554 38,13%%*

T XR 2 168,84 84,42 .43
Subjects
W. Eroups
X R 32 6,229,26 194,66

.

ki%p < ,001



Figure l,--Mean reaction time for three
naming responses to single Arabic numerals and to
' corresponding amounts of arbitrary symbols.
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activated the voice-operated relay, the writer fed
each signal as produced by his own voice through an
amplifier into an oscilloscope, along with the signal
produced by the‘closing ofvthe relay circuit. Photo-
graphs of the resulting traces showed that each response
triggered the relay after less than about 50 msec., with
"che" requiring about 20 msec. and "two" and "three"
requiring about 30-40 msec, The times for othér indi-
viduals, of course, would show characteristic
variations from these times, but there is no reason to
believe that the writer's response times were atypical

in any particular way.
Experiment II

It is evident from Table IV and Figure 2 that
the results of Experiment II bear important.differences
from those of Experiment I, as well as some interesting
similarities. The time required for the numeral-naming
task (Tl) was clearly shorter (F(1,16) = 17,30, p <
.001) than tﬁat required for the quantity-naming task
(T2). As in Experiment I, significant response
differences Qere found; some, but not all of which can
be accounted for by fhe different sensitivities of the -

relay.



TABLE IV

SUMMARY TABLE FOR EXPERIMENT II
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df

Source Sum of Squares Mean Square F
Task (T) 1 298,282.00 298,282.00 17.30%%%
Subjects
W. groups 16 275,920.,01 17,245,00
Stimulus :
Set (K) 2 11,678.66 5,839.33 37.8€%%%
T XK 2 3,45X,06 1,725,53 11,19%%%
Subjects
W. Eroups
X K 32 4,935.70 154,24
'Response .
(R) 2 & 44,813.23 22,406.62 38.64%%
T X R 2 5,439.41 2,719,71 4,69%
Subjects
W. groups

32 .18%558.01 579.94
K X R L 2,009.78 502,45 8,66 %%*
TXKXR Y 430,54 107.64 1,86
Subjects
w. groups X
(K X R) 64 4,714,115 58,03

*p<‘ 005

iD= L,001



Figure 2.--Mean reaction time for three
naming responses to multiple Arabic numerals
under two task conditions, one requiring the
identification of individual numerals and the
other requiring the identification of the
amount of numerals presented.

(The individual curves represent different
stimulus sets as defined in the text.)
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In an attempt to form a somewhat clearer
picture of the differences responsible for the signifi-
cant stimulus-set and interaction effects, separate
analysis of variénces tests were carried out on the
data included under conditions T and T,y and t tests
were used to compare the stimulus-set differences
separately under T1 and Ty.

Table V summarizes the analysis of Qariance for

Ty (numeral naming) and Table VI does the same for T;

(quantity naming). The i tests confirmed the analysis
given in the tables, that significant differences
existed between the stimulus-set conditions across both
task conditions, and revealed further that although
both numeral naming and quantity naming took signifi-
cantly longer under Ko and K3 than they did under Kj
(df = 8, pL .05), the differences between K; and Kg
wére not significant either for numeral naming or for
quantity naming. K3, it will be recalled, refers to
the condition in which. the compatible humeral-qﬁantity
stimuli 1, 22, and 333 were used, while incompatible
numeral-quantity stimuli were used in conditions K,

and K3

A further t test confirmed that it actually

took longer to subitize the numerals in 1, 22, and 333
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with the responses "one," "two," and "three"
respectively than it did to name them directly with
the same responses (t = 5.15, df = 16, p<Z.01).
Although the other tests showed that the names and
quantities in these compatible numeral-quantity combi-
nations could both be named faster than in the other,
incompatible combinations, this fact is overshadowed
by the finding that responding "“"one" to 1, "two" to 22,
and "three" to 333 took more time for the subjects
subitizing the numerals than for those naming them,

Figure 3 compares the numeral-naming and
quantity-naming groups in Experiment I-with those in
Experiment II. Since the total number of practice
trials was the same in both experiments, and 9 differ-
ent numeral-quantity combinations were used in
Experiment II as opposed to 3 in Experiment I, 6ne
might have expected the greater amount of stimulus
information in Experiment II to have produced longer
latencies for numeral naming as well as for quantity
naming. However, this was not the case, since no
significant difference in numeral-naming times for the

two experiments was found by t test.
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TABLE V
SUMMARY TABLE FOR TASK T; (EXPERIMENT II)
Sum of Mean
Source af Squares Square F
Stimulus
Set (K) 2 1,240, 38 620,19 6.81%%
Response (R) 2 9,515,03 4,757,52 16,55 %%
Subjects (S) 8 95,162.39 11,895.30
K X R 4 1,732.46 433,12  10,22%%%
K X S 16 1,457.55 91.10
R XS 16 4,600,12 287.51
KX R XS 32 ©1,355.82 42,37
*pez 01

kitpes ,001



TABLE VI

SUMMARY TABLE FOR TASK T

(EXPERIMENT II)

2

Sum of Mean
Source df Squares Square F
Stimulus .
Set (K) 2 13,889, 34 6,944,67 31,95%%:*
Response (R) 2 40,737.61 20,368,81  23,35%%%
Subjects (S) 8 180,757.62. 22,594,70
K XR u 707,87 176,97 1.69
K XS 16 3,478,15 217,38
R XS 16 13,957.89 872,37
K XR XS 32 3,358,33 104,95

34

*thp < ,001



Figure 3.,--Comparison between Experiments I
and II of mean reaction time for three number-
naming responses under two task conditions, one
requiring the identification of individual numerals
and the other the identification of the amount of
figures presented.
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DISCUSSION

The results of the present study offer no clear
answer to the question of whether small visual
quantities can be named as fast as corresponding Arabic
numerals. In particular, Experiment I falls short of
conclusively supporting Brown's (1915b) conclusion that
small quantities of neutral symbols cannot be named. as
fast as the corresponding Arabic numerals, just as
colors cannot be named as fast as correéponding color
words.

Experiment II, however, shows that sets of
stimuli which combine both concrete and symbolic number
characteristics affect reaction time in much the same
way as those which combine both concrete and symbolic
color characteristics. The results demonstrate that
naming the quantity of a small group of Arabic
numeréls takes significantly longer than naming the
numerals themselves, just as other expefiments (e.g.,
Stroop, 1935) have shown that naming the color of the
ink in a color word takes significantly longer than
naming the color word itself. The Stroop-type of
interference effect, therefore, may be a general type

of phenomenon for various types of perceptual

36
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identifications and various types of naming responses,
and not one peculiar to color identifications and
color-naming responses alone,

In addition, however, the inclusion in
Experiment II of numeral-quantity combinations which
did not disagree or conflict in their concrete and
symbolic values revealed something about this type of
interference effect that the other studies have not.
Whatever the source of the longer time required for
naming the quantities of numerals rather than the
numerals themselves under condition Kj, it cannot be
interpreted as due simply to numeral-quantity disa-
greement in the particular stimuli in this set. For
the stimuli having membership in the set fér Kl lack
numeral-quantity disagreement; the quantity desighated
by the numerals in each stimulus is identical to the
quantity of numerals in that stimulus. (The set for
K, is composed of 1, 22, and 333.)

On the contrary, the longer time required for
naming the quantities must be interpreted as due at
least in some degree to the presence of numeral-
quantity disagreement in other stimuli which might
have occurred but did not. In some way, the

occurrence of the compatible stimuli in the context
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of the incompatible ones produced a significant effect
on feaction time., This contextual effect, moreovef,
cannot without difficulty be described in terms of
different probabilities of occurrence for the other
stimuli and responses which might have occurred, since
these probabilities were the same under both task
conditions, so far as the conditiohs of the experiment
were concerned. |

The fact that significant differences in
reaction time between K, and the other two stimulus-set
conditions also occurred, however, under both task
conditions, indicates that the lack of numeral-quantity
disagreement in the particular stimuli did have some
effect also, Apparently, the absence of numeral-
vquantity conflict in the stimulus sets for condition X,
did permit both faster quantity-naming and faster
numeral-naming responses than did the presence of such
conflict in the other sets, even though the presence
of conflict in the other sets made the latencies for
responding "one" to 1, "two" to 22, and "three" to 333
slower for the quantity-naming task than for the
numeral-naming task. Obviously, if numeral-quantity
agreement had existed.for all the stimuli, it would have

been impossible to determine whether the subjects used
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in the different task conditions were in fact performing
different tasks. For, in this event, all the stimulus-
response pairs would have been identical. )

Assuming that further experimental efforts with
various different types of stimulus materials will
bear out the findings reported above, how ﬁight the
process which leads to a particular perceptual identifi-
cation and naming response be conceived so as to account
for these findings and some of the other findings
referred to at the beginning of this paper?

Confining this discussion to naming responses
only, itlwould seem that a stimulus which leads to such
a résponse may do several things. It may not only
enable a person to make a certain specific perceptual
identification and specific naming response, such as
"blue," "round," "small," or "three," but may also lead
him to attempt one general type of perceptual identifi-
cation rather than another, sughlas one according to
color, shape, size, or quantity. Before one can
identify something as, say, red, and not blue, green,
or some other color, he may have to set out to identify
its color and not its'shape, size, or some other
general featurej; and which of these identification tasks

he proceeds to undertake may depend, among other things,
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upon the particular stimulus object itself. (These
other things might include previous instructions and
knowledge of the set or range of possible stimuli,)

The important RQint is that, once a stimulus is exposed
to a subject, it may provoke him to attempt one or more
different general types of identifications, each of
which may or may not lead to different specific
identifications and naming responses.

Klein (1964) refers to this attention-catching
capacity of a stimulus as its attensive power, borrowing
Titchener's term, and associates it with the semantic
relationships of a particular stimulus to others in
the context of a particular naming task. The attensive
capacity of a particular word or numeral stimulus to
provoke its identification accordiﬁg to its verbal or
numerical content, instead of according to its concrete
sensory characteristics as assigned, would be associ-
ated with conflict between different identification
tasks as described above. For example, the stimulus 22
might lead a subject assigned the task of identifying
the quantity of numerals to identify the numersls them-
selves, thereby producing a situation of identification-

task conflict with no concomitant response-conflict,
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It would seem as if our memories were organized
to include, in addition to a multitude of different
"file~cards" for matching against sensory inputs, a
collection of different "file-cabinets." Each cabinet
would correspond to a different general type of
identificatia; task, and each cabinet might contain
cards which are different or identical to the cards in
other cabinets, Thus, it might take longer to decide
which cabinet to get into, to identify one type of
stimulus rather than another, and also take longer to
retrieve a card from one cabinet than it would from
another, even though identical cards were retrieved
from both cabinets,

The fact that reaction time was faster for both
. assigned tasks of quantity-naming and numeral-naming
when compatible numeral-quantity stimulus sets were
used suggests that perhaps both tasks were actually
performed under both of the assigned task conditions,
If it be assumed that both tasks were performed to some
degree under both task conditions, then the execution of
both tasks would produce less interference if they both
Safﬁed for the same naming response than they would if

they called for different naming responses.,
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However, the fact that reaction time was faster
for one of the assigned task conditions (numeral-naming)
than for the other suggests that, though both tasks may
have been performed to some degree under both assigned
conditions, the task actually assigned may have beep
initiated before the other. If it required more
decision-making operations to identify quantities than
numerals, the achievement of both tasks would be more
likely to occur at about the same time when quantity-
naming was assigned than when numeral-naming was assigned,
producing more interference froﬁ the simultaneous
readying of different responses when quantity-naming was
assigned tha; When numeral-naming was assigned.

The analysis ébove, then, emphasizes three
different sources of delay in naming different kinds of

stimuli: (1) identification-task conflict (or

classification conflict--between attempting to identify
a stimulus according to its color, size, or some other
general feature rather than another), (2) identifi-

cation-task differences (which refers to absolute

differences in the number of decision-making or coding

hS

operations required for some identification tasks in

comparison to others), and (3) response confliet (which
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refers to competition between different naming-response
tendencies as readied after performing one or more

identification tasks).



SUMMARY

Reaction times for making three naming responses
under two different task conditions have been compared
in two separate experiments. One task condition
required the naming of numerals, and the other required
the naming of quantities. The first experiment used
the single Arabic numerals 1, 2, and 3 for the numeral-
naming task and groups of one, two, and tﬁree arbitrary
figures for the quantity-naming task. The second
experiment used the same Arabic numerals in groups of
one, two, and three for both tasks.

The resulfzqgf the first experiment showed a
difference between numeral naming and quantity naming
that was not significant. The .conclusion of Brown
(1915b), that small visual quantities, like colors,
cannot be named as fast as their conventional printed
designations, was thus not confirmed with a statisti-
cally reliable difference,

The results of the second experiment showed a
significantly slower reaction time for naming the
quantities of numerals in the different groups than for
naming the numerals themselves. This was found to be

By
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the case even for the stimuli 1, 22, and 333, which all
called for the same naming response under both task
conditions. The results also showed, however, that
reaction time for responding to the other stimuli,
which did not consist of numerals in quantities equal
to those named by the numerals, was slower under both
task conditions than it was for responding to the
compatible numeral-quantity combinations,

The hypothesis of response conflict as the most
important source of differences between 1aténéies for
naming concrete stimulus features and for naming the
corresponding words or symbols which designate them
was discussed in connection with the findings of the
present study. It was concluded that, in addifion to
response conflict, an interpretation in terms of
identification-task confliet and identification-task
differences might also be useful in accounting for the

findings.
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