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ABSTRACT

In the field of human perception and performance, several theorists
have developed different models to account for the process by which dis-
crimination judgments involving multidimensional stimuli are made. In
1969, Donald Bamber proposed a two-process model--subjects using one pro-
cess to decide whether two multidimensional stimuli are the same, another
process in deciding that two stimuli differ. In an experiment using adult
subjects in a discrimination task in which the scimuli\xazfga along two
to four dimensions, he claimed (a) same judgments were made after a paral-
-lel process of comparison, (b) different judgments were made after a
serial self-terminating process of comparison. In fitting this model to
the different judgments, Bamber made the important assumption that bs’
the processing time for a same decision on a single dimension, equals
bd’ the processing time for a different decision on‘a single dimension.

In the present article, formal predictions were mathematically de-
rived from Bamber's original serial self-terminating model and for the
parallel and serial self-terminating models‘arising from a modification
of Bamber's original model. These predictions were used to determine {a)
whether subjects process stimuli accordiag to Bamber's two-process model
when stimuli are allowed to vary alongépore than four dimensions, (b)
whether children process stimuli according to the same model as adults. -

In the present study, the reaction times of 80 young children (5 - 6
years}, 80 older children (11 - 12 yéars), and 80 adults were measured in

a task which required the subjects to indicate whether two simultaneously

ii



presented coloured geometric forms were the same or different. Accor@ing
to the formal predictions from the modified serial self-terminating model
(a) same reaction times should increase quadratically as the number of
possible differences increases, (b) reaction times for differeﬁt decisi;ns
with all differences present should also increase quadratically as the -
number gf possible differences increases, and (¢) whenever BS < bd’
same reaction times should be faster than reaction times for differené'
decisions with only one difference present. Similarly, formal predicti;ns
from the parallel models would require reaction times for different judg-
ments with all differences pr;sent to be equél.to reaction times for dif-
ference judgments with only ome of the possible differencés.preséﬂg.

The resulf& o% the present study indicated that predictions from
the serial self-terminating model were confirmed not only for adults bu;
for children Suggesting uniformity of process over age. Furthermore,
these results indicate that young children are able to process multi—‘

dimensio;él stimuli dimension by dimension in accord with findings based

on concept learning tasks.

. iil
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CHAPTER I
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i

Introduction

.An iﬁtelligénc 6rganism must be able to detect sameness and dif-
ference in order to react appropriafely to its environmentc. At times, the
detection even of very subtle differences such as those between an edible
field mushroom and a "Deadly Angel zay be essential to survival. Indeed,
an ‘individual‘"exaccness of jddgngent" and "clearness of reason' are de-
termined by his abilit§ "to distinguish onme thing from another where there

"is but the least difference". (Locke, 1960, Bk ii, Ch. XI, sec. 12) Accord-
ing to Boring (1963, p. 338), "The ability to discriminate is the criterion
of mind; of consciousness, of knowing. The fact is that all the soluble
problems of psychology can’ be reduced to problems of differentiated reac-

»
tion if one wants so to reduce them.'

.

To simplify andrto make’sense of the perceptual world, the individual’

attenpts to detect saﬁéness. As William James (1890, p. 459) said, "The
sense of sameness is the very keel and backbone of our thinking." :-Recog-
nition of a person or object as identical with one previousiy perceived
brings order to the confusion of our enviromment. "The miga makes use of
this notio; of sameness and if - ‘deprived of it would have a different struc-
ture from what it has" (James, 1890, p. 460)}. The ability to differen-
tlate sameness from difference is so elementary that the detection of
identity and its converse, the detection of diffe;ence, became the basis

for many psychological investigations.

. While the detection of sameness and difference was the basis of

-,
~
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pﬁilosophical_and psychological discussion'and debate from the time of

- . - v,

Locke 'scientific stndy nf the.processes involved began with psychophysical

erperiments in the late niheteenth century. Early psychological investi-

\ L -
gattons intd the accuracy of human judgments of magnltudes were seeking

iquantitative estimates of the amount of ph%sxcal difference reqnired in

varlous 51tuat1qns to brlng about a judgment of difference. From Weber s

(1835) inuestlgatlon of the muscle sense by-means of weight liftlng ex-
.~ 13 . )

- - -

. perlmcnts‘emerged the dlscoverv tht the just n0t1ceable dxfference between

t

two welghts is a constant ratlo of t ‘pe standard stlmulus.l Fecher (1860)

-

. repllcated and ettended Webef's work in the measurement and detectipn of

3

émall differences, and in the process formulated "Weber's Law"-—The just

i-notlceable alfference between' two stlmulus magnitudes is' a certain constant

" ratio -of the total magnitude. Psychophvsxcal methods, such as "'The Method

- of Average_Error., "The Method of Limirs" and "The Method of Paired Com-

parisons", which were developed by Fechner, served to direct the attention

of psychology towards the use of scientific techniques for the study of

' sensory and perceptual processes.
In the evolution of psychology from the late nineteenth century. . .to
- the detection of sameness and differemce has been a basic

element of important paradigms in exper;mental psychology. In matching .

the’ present,

-

paredigms,'the.experimental subject must choose, from two or morg/;tim-
. ] - ¢

. : ] . , . 4

ulus objects, a stimulus identical-to a standard stimulus. _

g

.,

-

lThe ratio is 1740. A 4l gram weight would be required for the perception

of Wifferernce from a 40 gram.standard, but an 82 gram weight would be
just noticeably.different from a standard weight of 80 grams.
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Many matching t§ sgmple experiments have been_designed to determine
. whether‘child subjects of vafious ages prefer col;ﬁr or form. Brian and
Goodenough (1929) typically showeé two objects that differed from a

third éither in form or imn coiOur. The ch}ld‘subjéht was required to match
this third with the one just like it. Until sitx years of age, childreg
tgnded to choose the object which was the same colour. Ian contract, olderr
children pre%erred to choose the stimulus which was the same shape.
Further experiments.sﬁch as those BY Huang (1945), Kagan and Lemkin (1961)
and Gindes and Barten (1977) h;ve serveé.to confirm this finding and de-
lineate th; role of variables influencing the matching process more pre-
cisely.

In the eariy l§60's, investigators became interested in computer
simulations of human éecision making, including the ability to decide
jwhé;her stimuli are the sameror different. In this endeavour a primary
goal was the developing of a computer programme Lo model the human or-
ganism's ability ta reéognize and classify printed material. These re-
searchers believed that the désign and analysis of such models would en-

able ingight into the nature of human perception, thinking, and judg-
mental processes (e:g., Unr, 1963; Selridge and Neisser, 1963). In an
early computer model of humap decision making, Selfridge and Neisser
(1%63) required the computer to det;;mine the identity of a given letter
from a group of .four possible letters 4, V, H, and Y. To distinguish among
these four letters, the computer was programmed to compare stimuli for
three possible differences: a concavity above, a crossbar, and a ver-

tical line. - -

One of the programmes developed required the three comparisons to
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be made one by one, each comparison being completed Pefore the next was
begun (see Figure 1). According teo this éerial process of feature com-
parison, the incoming letter is first examined for a concavify above.
I1f no concavity is found, the computer identifies the letter as A", If
a concavity is found, the letter is then examined for the presence of a
crossbar. If a crossbar is found, ghe letter is identified as "H". If a

~
crossbar §s not found, the letter is examined for the presence_éfla ver-
tical line. If no vertical line is foﬁnd, the letter is identified as "V'".
If a vertical line is found, the letter is identified as "Y".

The second programme, deveLoﬁed by Selfridge and Neisser, requiring
all three comparisons to be made at the same time, was a parallel process
of comparison (see Figure 2). According to Selfridge and Neisser, it ig
possible, in parallel processing to thinL of each feature as being in-
spected by a little dgmon. After reaching a decision, the little demons
all shout their answer to a decision making demon. Selfridge and Neisser
named this parallel processing aodel "Pandemonium". In the parallel pro-
gramme for the recognition of A, H, V and Y, the compuler is programmed
to respond with an H decision if all three features are found. The iden-
tifiction of A, V, and Y, however, is dependent upon the pattern of "Yes"
and "No" responses as shown in Figure 2.

The concepts of‘a serial and parallel processing were also used by .
researchers such as Sternberg (1966). In his short term memory experiments
Sternberg described the processes used by a subject séarching for several
previously determined target stimuli in a larger set. According to Stern-
berg, analyses of reaction times deponstrated that the search was serial

and exhaustive. Thus. a subject scanned in turn each stimulus of the larger

e



) FIGURE 1

A Sequential Processing Programme for Distinguishing Between
the Letters A, H, V & Y.

-

1. ’
—
INPUT CONCAVITY ABOVE?{ -
YES : NO
2.
CROSSBAR?
NO : : _YES




FIGURE 2

A Parallel Processing Programme for Distinguishing
Between the Letters A, H, V § Y. |
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set. If he found one of the target stimuli, he did not respond . immediate-
1y but continued to scan until he had examined every stimulus object in
the larger set. Lf the search process had been self-terminating, the

subject would have terminated search after discovery qf a target stimulus.

NGl
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CHAPTER II

The "Same-Different" Paradigm

One of the diffigulties in trying to create computer programmes which
could perform complex discrimirations was that the process by which humans
actually accomplish discriminations among multidimensional stimuli was
not clear. To investigate the process by which humans judge whether two
(or more) onects are identical or different, the "same-different” paradigm
was developed. In an experiment utilizing this paradigm, two or more stim-
uli are presented either simultaneously or sequentally. If the stimulus ob-
jects are identical, the subject pushes a "same' button. If any difference
among the stimulus objects is perceived, the subject pushes a "different"
button. Reaction time S the measure of principal interest, although errors
are also enumerated and analvzed. Predictions involving the relative reac-’
tion tifmes of same and of different judgments can be generated Irom the
distinction between self-terminating aﬁd exhausiive processing.

If subjects are comparing stimuli according to a self-terminating
nodel, a same (S) decision would be given only after checking every.pos-
sible attribute or dimension upon which a difference could occur. In con-
trast, a different (D) decision could be made as soon as a difference was
found. For this reason the D decision would often be given before the
stimulus was compared on every possible dimension of difference. Inevit-
ably, this early termination of dimensional comparisons in D decisions
would produce D reaction times which were shorter than § reaction times,

(D = S).



In an exhaustive model, an S decisioy is givén after every possible
dimension has been compared.‘ln exhausﬁive models, all possible dimen-
sional comparisons are alsc made before a D decision is gii?gu quparisoh_
does not terminate as soon as a difference is found.. For this reason, D
reaction times shﬁuld be equal to S reaction tlég; if stimuli are com-
pared according to an exhawstive model (D = S)._

Similarly, predictions involving the relative reaction times among
D judgments with varying numbers of differences actually present, could
be generated from self-terminating and exhaustive models. If differences
occurred on each possible dimensioen, (DALL), a difference would be dectected
after one comparison. If the comparison process were self-terminating,

a D decision would immediately be given. If only one of the possible dif-
ferences occurred, (Dl), this difference would not always be found after
one-dimensional comparison. Therefore the self-terminating model would
predict that D reaction time would be faster when all differences were

ALL < Dl).

present than when only one difference was present (D
Exhaustive models, however? do not permit a D decision to be given
as soon as a difference is found but require completion of comparisorn on
all possible dimensions of difference. Thus stimuli with all differences
present, and stimuli with only one difference present will require the
same number of completed comparisons. For this reason, exhaustive models
pre&ict that D reaction times for stimuli with all differences present
will equal D reaction times for stimuli with only one difference present

A self-terminating process of comparison is being used when:

i. reaction time for S decisions 1s longer than reaction time for D
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decisions (S« D), and
2. reéction time for D decisions for stimuli with all differences

present is shorter than reaction time for D decisions when only omne dif-

»

timuli (O < DYy,

ference occurs Between th
The empirical res;lts of Epefh's (1966) experiment demonstrated that
reaction ﬁime for D ju%gm%nts decreased as the number of dimensions with
stimulus differences increased. Reaction time for DALL judgments was
reliably shorter than reaction time for Dl judgments. In this experiment,
Egeth did not directly compare § reaction times to D reaction times be-
cause he believed the comparison was invalid due to confounding produced
by his experimental procedures involving irrelevant dimensioms. Neverthe-
less, he concluded that his results were best exﬁlained by a self-terminat-
ing process of comparison. -
Nickerson (1965), howéver, did compare S reaction times to D reaction
times, discovering that reaction time for D decisions ;;s longer than
reaction time for $ decisions. A further experiment by Nickefson (1967)
confirmed Egeth's (1966) findings with respect to the relationship among
reaction times for D stimuli with varying numbers of differences present.
As the reaction tiﬁe for D decisions varied inversely with the number of
differeaces actually present, Nickerson (1967) interpreted his empirical
resyWlts for D decisions as %:idence in favour of a self-terminating process

of copparison. If the comparison process was self-terminating, however, S

' . . (
reaction times should be slower than D reaction rimes, even D reaction



cimes.l Nickerson's (1967) results however, failed to support this predic-
tion from the self-terminating model. Empirical results for-S decisions
indicated that S reaction times were a) faster than Dl reaction times, b)
slower than DALL reaction times. The search for a completely satisfactory
explanation for the "fast sames" began with Nickerson (1967) aﬁd continues
todqx.

To explain the phenomenon of fast S reaction times, Bamber (1969)

_ tested the accuracy of quantitative predictions from the serial self-ter-
minating model, using letter groups as stimuli.

These quantitative predictions were derived using the foliowing
reasoning: As the model is self-terminating, the subject gives anD judg-
ment immediately upon detection of a difference. Each stimulus will contain
L leﬁters, D of which are different. The position of the D letters.varies
randomly from trial to trial. The mean number of S comparisons processed
prior to the first D comparison will be (L -DYy(D+ I). Let bs represent
the prqcessing time for an 5 judgment while bd represents the processing
time for a D judgment. The mean time for processing a stigulus before decid-
ing it is different then becomes [KL - A/ + 1 bs + bd. Let hs represent
the mean neural transmission time between retina and brain and between brain
and muscles for S decisions and hé represent the mean neural transmission

time for D decisions. The mean reaction time for D judgments then becomes

1Before an S judgment can be given, the stimulus must be examined on every
possible dimension of difference. For a ! judgment, the difference will
sometimes be found before all dimensions are compared. If the comparson
process were self-terminating, a2 D decision could immediately be given.
Thus early termination of processing for some D! decisions will resulet
_sin shorter average reaction times for these stimuli than for stimuli re-
sulting in an S decision.

11
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L - D\. ' S
th_-:hdc-kbf]}bs-rbd (1).
If the stimulus is the same and contains L letters, each letter

must be examined before an S decision can be given. Therefore, the mean

reaction time for S decisions becomes

~—&rs

Leta:hd+bd

hs _:r Lbs . (2).

1473
|

)

(hS - hd) + (bS - bd
Then Eq. 1 becomes Rtd = a + (L—'—D\ b
- D+ 1 s
and Eq. 2 becomes Rts = a + (L - 1) bs toe.

The above predictioms are then fitted to the experimental data.

In Bamber's experimental data, S reaction times were faster than D
reaction times. When all differences were present, D reaction times were
shorter thar D reaction times when only one difference was present. Thus
comparison of S reaction time to D reaction time appeared to indicate sub-
jects were not processing stimuli according to a self-terminating model.

To resolve this contradiction, Bamber developed a two-process model which
can be depicted in a flow chart ;uch as that in Figure 3.

Bamber's two-process model postulates two processors which make
stimulus comparisons simultaneously. One processor, labelled the "identity
reporter', uses a fast, inéccurate parallel process of comparison to deter-
mine whether all stimuli are the same. As soon as the identity reporter
discovers that the s;imuli are the same, an S judgment is given. The second

processor, called the "serial processor”, uses a slow but accurate serial



FIGURE 3 s

A Flow Chart Depiction of a Two-Process Model for Complex

Discrimination in ''Same-Different" Judgments Proposed by Bamber ¢
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process of comparisoﬂ to determine whether the stii}ii are the same or
differeﬁt. 1f a difference is discovered, a D judgment is given. If no
difference is discovered, an S judgment is emitted but not acted upon.
Since the identity reporter has found the sameneés mueh more quickly,
an S judgment has already been made. Therefore, the S judgment given By
the serial processor is redundant.

Essentially, in the two-process model, S decision times are faster
than D decision times because the parallel meghod of processing for S *
decisionslszjaster than the serial methéd of processiag for D decisions.1

T
- N

Research Testing the Two-Process Model ~

In 1972, Bamber first tested the validity of his two-procesé model.
He used the distinction between nominally and physically ideétical stim-
uli first used in "game-different'" judgments by Posner and Mitchell (1967).
As defined by these experimenters, physical identity requifes that the
stimuli have exactly the same physical ;ppearanCe e.g. "B" and "B". In
contrast, nominal identity oaly requires that the stimuli have the same
name. Therefore, "B' and "§” would be nomina%}y identical because they
have the same name but ‘are not physically QSenticai in their appearance.
“R" and "A", howeve;, would be neither physically nor nominally identi-
cal as neither their appearance nTOT their name is the same. Posner and

Mitchell (1967) found faster reaction times for "same-different’” judgments

using physically jdentical stimuli than for judgments where the stimuli

lIn simple parallel models the comparison process is shorter because all
dimensions are compared at the same time. Serial comparison is slower
because comparison must be complete on each dimension before comparison
on the next dimension begins.

14



were nominally identical. Eichelman (1970 a & b) also found that reaction
times were .shorter for physically identicdl stimuli than for nominally
identical stimuli.

Posner, Boies, Eichelman and Taylor (1969) compared "same-diffe%ent;
reaction times for physically identical stimuli to those for nominally
identical- stimuli. Again, reaction times for physically identical stim-
uli were faster. Thegg experimenters,” however, were also able to show |
that the xeacti;n time adv;ntage of physically identical stimuli was re-
duced with successively presented stimuli, as the interval between pres;
entation of éhe stimulus objects incfegsed.

"Beller (1970) féplicated Posner and Mitchell's (1967) results. When
physically identical stimuli were used, Beller maintained comparison was
according to Neisser's.'(1967, p. 10) g;eattentive processing, which was
fast, inacurate';nd parailel. Nominally identical stimulil yer? compared
accarding to a focal atten;ive (Neisser, 1967, p. 10) process which was
slower, more deliberafe and serial.

Bamber (1972} used this distinction between nominal and physical
identity, hypothesizing that the fast identity reporter could process
onlg physically identical stimuli. For physicall; identical stimuli,
therefore, the fast identity reporter would process § decisions. This
parallel processing would make S reaction times shorter tham D reaction
times. For nominally identical stimuli, however, the slow serial proces-
sor would process both § and D decisions._This serial processing would
p;oduce S reaction times of the same length as D reaction times. This

hypothesis was not substantiated by Bamber's (1972) empirical results.

S decision times were shorter than D decision times for both nominally

15
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'the two—procesa model was in or{ec: or that the 1dent1ty reporter could

handle both hominally and physi 1ly identlcal stimuli Bamber himself

) - e

.-

K pfeferred tﬁéllacger explanagion

In 1969 ‘Hawklns also 1nvestigated the processing of multidimensional’

stimulf in "same- dlfferent Judgments. stng geometrlcal stimuli which

T fwere alldwed'to vary in colouf, fprm and/or size, Hawkins decided his

*mplrical res lts qere best e\plalned by a parallcl self termlnatlng model
<

, Results of th;s'expetlment. however, were -influenced by a relatlvelv dlf—
Y o R .
‘v ficult diécrimination along'the size dimension and use of different sub- .

jects for. S decxslons and for D dec1510ns.l
. ~ - ’ : ©
kruegcr (1970)'1nvest1gated the effect of bracketing lines on same—

.

..dlfferent" }udgments. In thls stud\ the two letters comprising each stim-

-~

_ulus could be bracketed bw vertlcal lines of vaxylng helg‘nt.2 The height_
'oz the bracketlng llnes was found to affect D Judhments but not $ Judg-‘

- v
1

ments.'Thls was lnterpreted as support for Bamber S (1969) two-process -

model Krueger (1970) maintained that § reaction tlmes were not afffect-'
ed'by bracketxng'llnes because S judgments were made by 51mple image

- matching; i.e., fast identity reporting. In contrast, D judgments were

lReSults from two subjects were used for S reaction times while D reactlon
times were obtained from two other subjects. If absolute reaction times

. for S and for D judgments vary widely between subjects, then obtained
findings could occur easily. Examination of empirical results, Bamber
(1969, 1972), Jansen (1974), Hawkins (196%) and the present investiga-
tion suggests that such differences in absolute reaction times among °
subjects are possible.

Examples of Krueger's stimuli
wox kv 1Al ox Ik 1al ox I



affected by bracketing lines because processing involved a slower serial
process of 1ette:£;hentification and naming.

In a further test of the two-process model Krueger (1973) used let-
ters bracketed with irrelevant material in a syﬁgetrical or - asymetrical
fashion. In the first experiment of this study, the.brackets consisted
of single lines which could appear below either one or both of the two
letters comprising the stimulus.l In the second zgperiment, brackéts
composed of = or signs or both appeared above and below each of the two
A .
stimulus lettgrs.2 Reaction .times increased moré for S judgments than
for D judgments, when asymetriéal irrelevant material was used. A greater
inecrease in error rates for S judgments also occurred with the addition
of asyﬁmetrical irrelevant material.‘grueger eXplained his results in
terms of the Bamber two-process model. S judgméﬁfs were made after a fast
crude parallel process of comparison before the'aﬁdition of asymmetrical
irrelevant material. D judgments, in contrast, were made after a slow

-dequential process of comparison. Addition of the asymmetrical irrele-

vant material affected the speed and accuracy of thecparallel processing
C J

-~
lExamples of Krueger's.(lQTBf stimuli for the first experiment.

A B ; A B ; A B ; A B

Examples of Krueger's (1973) stimuli for the second expériment

= = + +

A B A B

= = + +

+ = - + N
A B 4 B —~

- = = + -



used for S judgments more than that of the serial processing ussd for D
judgments. N SN
Tversky (1969) was interested in pictorial and verbal encoding in
the "same-different” paradigm. Schematic faces, each with a name, were
used as stimuli. In a pre-experimental training session, subjects thor-
oughly learned to associate the appropriate name with each face. On ex-
perimental trials two stimuli were exposed. For each ﬁrial both stimuli
!
could be faces, both could be names, Or & name and a face could appear.
T?e important experimental manipulation was the probability that the two
stimulus objects were of the-same modality. When the modality of the sec-
ond stimulus was not expected, subjects took longer to reach a decision.
Tversky suggested this longer time was used by the subject to convert the
secon§ stimulus to the modality of the first before a decision_was made.
Tversky's data also indicated that D decisifns were faster when all
possible attributes were different than when only one attribute was dif-
fereat. This was interpreted as evidence for serial self terminating com-
parison for D judgments as required by Bamber's (1969) two-process model.
Jansen (1974) used’?oth child and adult subjects to test the gen-
erality of Bamber's 41959) two-process model. In formulating her hypo-
theses, Jansen utili;ed the distinction between '"easy" and "difficult”
discriminations employed by'Nickerson (1967, 1969).

Subjects use a relatively lax criterian for judging stimulus iden-

tity, Nickerson (1967, 1969) stated, when differences on each dimension

18



are "easy" to detect.l When the discrimination was "easy", stimuli

might not be compared on every dimension before the judgment was given.
Thus Nickerson (1967, 1969) predicted S judgments would ge faster than

D judgments under "easy" conditions. As the comparisons would often be
incomplete, Nickerson maintained, errors would be frequent. This position’
was supported by Corballis, Lieberman and Bindra (1968) who maintained

the S reaction times in their study were faster than the D reaction times

-
-

because differences between stimuli were easy to discriminate.
When stimuli differ "only minutely" (Nickerson, 1967, p. 553),
subjects use a much stricter criterion for judging sameness and dif-

ference. In such discriminations, a comparison on each dimension is made.

-

This process, Nickerson states, is both slower and more accurate. Only

after all possible comparisons are made, can S judgments be given in

such "difficult" diseriminations. In contrast, D decisjons car be given

immediately after the first difference is found. For "difficult" decisions,

2
therefore, D reaction times are shorter than § reaction times.

11

An "easy discrimination" was defined by Nickerson as one in which "the
smallest difference that he (the subject) will have to judge will be

large enough to be readily discriminated". (Nickerson, 1967, p. 553).

This explanation was further illustrated by reference to his own stimuli--
simple geometric shapes different in form, size and/or colour.

2Although Nickerson (1967, 1969) refers to Egeth (1966), he does not use
Egeth's distinction between serial and parallel processing. When Nicker-
son refers to a fast error-prone process of comparison, however, he could
well be describing a situation which Egeth (1966) would describe as paral-
lel processing. Similarly, Nickerson's slow accurate type of processing
could be analogous to serial processing. Thus fast S reaction times are
found when subjects use a fast error-prone type of comparison (like paral-
lel pfocessing)- In contrast, slow $ reaction times are found when sub-
jects use a slow accurate form of comparison (1ike serial processing).

19



Entus and Bindra (1970), usihé ;ircular patches of light, also
concluded that relative reaction times for "same-differept” judgments
were determined by the difficulty of the discrimination. In théir ex-
periment, S$ reaction times were faster than D reaction times when the
discrimination was easy. D reaction times were faster, however, with
more difficult discriminat}ons.

Nickerson (1967, 1969) maintained that, subjects compare stimuli
according to a f#st parallel model when the discrimination is easy.

Thus, Jansen (1974) reasoned, fast S reaction times should occur when

the diserimiflation is "easf”. Fast S reaction times would indicate paral-
lel'processing by Bamber's (1969) identity reporter. Jamsen (1974) further
hypothesized that a discrimination which was easy for an adult would not
be easy for a young (5 vear oid) child. If the discriminations were dif-
ficult, S reaction times would be slower than D reaction times. This would
indicate that children were not parallel processing and further, provide
no support for the existence of Bamber's (196%9) identity reporter in
children.

Jansen's (1974) empirical results replicated results found with
adult subjects by Grill (1971) and Corcoran (1967). Reaction times for
S decisions in the adult control group (Jansen, W?&) were initially
slower than D reaction times. S decision times, however, became faster
than D decision times with sufficient practice. These results could have
been interpreted as a switch from serial to parallel processing after
sufficient praectice. However, the chiiﬁ groups used by Jansen (1974) re-
corded S reaction times which were faster than D reaction times on all

three test days. Thus child groups appeared to use parallel processing
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.
without practice. Furthermore, examination of thé D reaction times ac-
cording to Egeth's (1966) models, indicated that Suﬁjects were processing
stimuli according toiglparallel self terminating distributed model. Thus
all subjects (Jansen, 1974) appeared to use parallel processing for both
S and D jdugments. Jansen concluded that the data provided lictle sﬁpporg
for Bamber's (1969) two-process model.

Bamber, Herdeé and Tidd (1975) tested the two-process model for both
the usual "same-different” paradigm §nd a task they deemed analogous to
"same-different" judgments. The usual "same-different" task 1s described
by Bamber, Herder & Tidd (1975) as "conjunctiﬁe matching”. In the "same-
different” or "conjunctive matching" task, the subject answers "same" if
the stimuli are the same on every possible dimension of difference. If
one or more differences are found, the subjects reponds with a D decisien.
The analogous task used by Bamber, Herder and Tidd (1975), was described
as ""disjunctive matching"”. In disjunctive matching the subjects responds
"different" if the stimuli are different on every possible dimension
of difference. If one or more compariscon does not result in a difference,
the subject responds with a2 "not different"” decision. Thus in the con-
junctive case, the S judgment results from an S decision on every point
of comparison. In the disjunctive case, the D judgment results from a D
decisicen on every point of comparison. Both such cases can be described
as an "all" judgment. Similarly, in the conjunctive case, the D judgment
results when one or more differences are found--that is the stimuli are
not the same on all dimensions. In the disjunctive case, the '"not different'
decision occurs when the stimuli are not different on all dimensions. Both

these latter cases can be described as "not ali' judgments.
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Bamber, Herder and Tidd (1975) used a task requiring subjects to
compare two strings of letters. If each pair'is different, the subject
responds 'mo"--the "all" decision. If one (or more) pair is the same, ;
the subject responds 'yes''—-the 'mot all" qecision. The two strings of
letters were never identical, therefore Bamber's (1969) identity repor-
ter would not be utilized in this ;ask. The reaction times for both the
"ves' and the 'no" decislons, therefore should be consistent with the
serial of self terminating model.
| The reaction times increased linearly as the number of possible
differcncas increased, both for "yes" responses and for "no' responses.
These findings were interpreted by the experimenters as evidence for tﬁe
existence of the serial pr;cessor. The existence of the identity reporter
was neither supporked ﬁér disproven in this study.

Silverman and Goldberg (1975) used a task similar to that.of Bamber,
Herder and Tidd-(1975). it differed only in the use of number instead of
le;ier strings. Silverman and Goldberg (1975} found, however, that reac-
tion times increased linearly with the number of possible differences only
for the disjunctive matching task. Since the reaction times did not in-
crease linearly with the number of possible differences for the "same-
different" task, Silverman and Goldberg (1975) inté;preted thése results
as failure to support the existence of Bamber's (1969) serial processor.

Again, the existence of the identity reporter was neither supported nor

-

disproven by this study.

Alternatives fpr the Two-Process Model ‘ -
Lockiﬁég/(1972) proposed an alternative to models employing either an

analytic serial or a parallel process of comparison. In this model, the
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stimulus is first perceived holistically, as a "blob", withoyt comparison

on individual dimensions. If a response can be given on the basis of general
similarity, a decision is immediately given. If the information gained is
insufficieé}}to reach an immediate decision, a series of glances is initiat-
ed, terminating when sufficient information has been recelved to make a de-"
cision possible.

This model differs from Bamber's (196%) two-process model in that
the second serial form of comparison is initiated omly after the first blob
comparison fails to proiuce sufficient information to reach a decision. The
initial "blob" stage of comparison also differs from Bamber's identity
reporter in that "blob'" processing does not involve comparison along sev-
eral dimensions as does the parallel processing of the identity reporter.
Although LACkhead (1972) did not test his model experimentally in the
"same-different” paradigm, his concept of holistic processing has recent-
1y been utilized by other researchers in "same-different" experiments.

Recently, Miller (1978), focussing on the reliability of the cur-
rently popular two-model process model, examined the nature of the com-
parison process involved in D judgments. Previous experiments such as Bam-
ber (1969, 1972, 1975) ané Krueger (1970, 1973) had concluded that D judg-
ments were made after a serial self terminating process of comparison. In
Miller's (1978) experiment, the percentage of fastl responses to slides
with one difference present (Dl) was compared to the percentage of fast
responses to slides with two differences between stimuli (Dz). The per-

centage of fast D2 reaction times was significantly more than would be

lA fast reaction time was defined ds a reaction time equal to or shorter
than 400 m/sec.
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predicted from examination of the percentage of fast D1 reaction times.
Since this relationship could not be predicted from any analytic model,
Miller postulated a holistic model for D judgments.

Krueger (1978) was also interested in producing an effective ex-
planation for faster S reaction times. In his model, Krueger assumes that
subjects require one or more glances to process stimuli for "same~different”
judgments. Comparison within each élance is holistic. However a series of
glances is assumed to occur before enough information is obtained to pro-
vide a decision. This model further assumes that perceived differences are
counted. Noise is saié to distort the difference count, producing a low
countt for stimuli that are actually the same as well as increasing the
count for stimuli that are different. If the difference count is above a
criterion point, a D decision results. An S decision results from a dif-
ference count below a second criterion point. According to Krueger, noise
is "more likely to make 2 same pair look different, than a different pair
look same" (19783 p. 279). For this reason, subjects recheck different

pairs. This rechecking results in slower reaction times.

Empirical Variables Related to "Same-Different” Judgments

Codability :i
Bindra, Donderi and Nishisato (1968) found codability had an impor-
tant influence upon relative reaction times for § and D decisions. Their
empirical results demonstrated fast S reaction times only for codable
stimuli. Bindra, Donderi and Nishisato (1968) defined a codable stim-

ulus as a stimulus, "the properties or attributes of which mest Ss [paﬁ]

categorize in absolute terms without reference to another (e.g. standard)

24
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stimulus" (p. 129j. ~

Accor&ing to this definition, two colours used in a "same-different*
study would be codable if each could be easily labelled. For exémple. a
subject might label ome stimulus "red" and another "blue'. If the colour
of a stimulus object could not be easily labelled, colour would not be
codable. This would occur if stimuli appeared in various shadesvof red
such that all shades used could be labelled "red".,In this hypothetical
situation, colour differences between the stimuliAwould be small but de-
tectable and the exact two shades usea for a particular stimulus pair would
vary from trial to trial.

Practice

Grill (1972) demonstrated that practice had an important effect upon
the relative reaction times for S and D judgments. Using adult subjects,
Grill found that & reaction times were initially slowgr than D reaction
times. This Qas interpreted as an indication that subjects were process-
ing stimuli according to a serial model. After sufficient practice, however,
subjects' reaction times fér S decisions became shorter than their reac-
tion times for D decisions: This was interpreted as an indication that
subjects were able to process stimuli accoréing to a parallel model after
they had sufficient practice. Grill maintained that the improvement in
reaction times was too large to be the result merely of faster serial pro-
cessing. Corcoran (1967) also obtained an improvaent in § reaction times
relative to D reaction times as the number of tfhals increased. Again,
this was interpreted as an indication of a swicgh from serial to parallel

processing after sufficient practice.

7

.
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Developmental Status of the Subject

-

A. Ability to Perceive Stimulus Differences

In any "same-different' experiment, reaction time consists of the
- \d

time required a) to examine the stimulus dimensions along which dif-
ferences may occur, b) to perceive those differences which occur (or the
absence of difference on all dimensions), C;h?o judge that the stimulus
objects arc the same or different, and d) t; perform the correct motor
response. Lf the subjects are unable to perceive the differences on a
particular dimensidn or dimensions, they will be unable to perform the
task with the requisite degree of accuracy. Adult subjects have judged
"same—different” stimuli with differences on a variety of dimensions
(e.g. colour, form, size). Use of subjects other than adults would re-
quire some evidence that the ability to pegceive differences remains in-
tact. The development of a child's ability to detect sameness and dif-
ference along such dimensions as form, colour and size has been of in-
terest sinc& the late nineteenth century. Wherever a particular pattern
of diserimination has been established for adults, the extent to which
this pattern occurs at various age levels then becomes an important
question.

The ability to perceive colour has been found to develop while chil-
dren are very young. As early as 1888, Preyer studied the development of
colour discriminatrion in young children. Ey the 112th week, he found that
the child understood the concept 'colour™ and could distinguish yellow.

Blue, however, was not realiably identified until the fourth year. Based
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on their observation of fixation, grasping, and reaching responses,
ﬁarsden (1903), McDougall (1906-1§08) and Valentine (1913-1914) concluded
that infants with an age range of 6 weeks to 8 months could detect colour
differences. By 1932, Staples established that chromatic sensations were
experienced as early as the third month; while four colours could bé
distinguished by 12 months. Iuéerest in the voung child's ability to
perceive colour’ differences has continued to the present. For example,
Gaines and Little (1975) established that colour perception has the same
behavioural response pattern across ages and skill with most errors oc-
curring with reds and greens, least errors with yellows and oranges,

and with blues and purples falling Between these two extremes.

Visual acuity in young children has been found to be surprisingly
well developed when compared to that of adults. Peckham (1933) maintain-
ed that visual acuity in 28 month old children was just as great as
that of adults. Later, Fantz (1958, 1963) measured infant visual acuity,
finding that the width of stripes which thelinfant could distinguish de-
creased rapidly during the first six months of life. Infants below §ng
month of age could distinguish 1/8 in stripes at 10 ft whereas 1/64 in
stripes at 10 ft could be distinguished by infants 6 months old.

According to Gellerman (1933) two year old children cannot only
distinguish but remember simple shapes such as a square or t;iangle. In-
deed, Ling (1942) was able to demonstrate that simple discrimination be-
tween blocks of different shapes was possible at six months of age. In

a shape matching task, however, discrimination of shape differences was
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found to improve from 4 to 8 years of age (Gibson et al, 1962). Similar-
ly, the reaction t;me of child subjects identifying the "different"
shape in a set of three improved between the ages of 5% and 7 .
(Réjalaksmi and Jeeves, 1963).

In contrast to eafly achievement of visual acuity and accurate
percéption of form and colour, the young child's ability to detect size
differences appears to be affected by shape variables and number of size
categories utilized. Stars, ellipses and triangles were judged larger
than squares, recta?gtbﬁ, and circles of equal area by'kindergarten
subjects in an experiﬁen by Peters (1927). For ﬁhildren, the sharp
angles and greater linear distance between cormer - peints of stars, el-
lipses, and triangles was said to enhance the apparent size. Children
40 months of age were able to discriminate between big and little in an
experiment by Welch (1939). These children, however, were unable to
judge accurately a middle-sized figﬁre. The latter ability was acquired
by 5 vears of age (Meyer, 1940} or 9 years of age (Graham, Jackson,
and Long,1944, Vinéke, 1951), the difference in findings being re-
lated apparently to differences in the magnitude of size differences
to be discriminated. In contrast, Estes (1961) found no age differences
in the cues used by subjects from kindergarten to college age when
matching either identical or different shapes as to size. Use of such
cues as altitude, area, and length of sides appeared to depend on
configuration of the stimuli rather than age.

Thus, empirical results of experiments from the late nineteenth

century tec present appear to indicate that when children reach school
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age, they are able to perceive differences in c¢olour, shape, and size
(small and large) with sufficient accuracy to permit "same-different"

judgments with stimuli differing on these dimensions.

3. Stimulus Separability . *

Garner (1970, 1974) and Lockhead (1965, 1972) distinguish between
diﬁensional combinations which are perceived as the conjunction of sep-
arate components, and those combinations which are perceived as integral,
unitary wholes. Adult subjects have been found to perceive brightness
and saturation  as integral dimensions being unable to sort stimulil om
the basis of brightness without beiﬂg disrupted by wvariation in stimulus
saturation. In con;rast, adult subjects do not perceive the size of a
circle and the angle of a radial line as integral. Sorting on the basis
of circle size is not disrupted by variation in the angle of a radial
line or vice versas

Investigations of stimulus separability have suggested that some
dimensions perceived as separable by adults androlder children may be ap-
péehended as integral by younger children. Evidence from the free clas-
sification paradigm first indicated that five year old children clas-
sified stimuli on the basis of perceived overafi similarity whereas ten
vear old children teanded to classify on the basis of ﬁiménsional relation-
ships (Smith and Kemler, 1977). A further experiment (Kember and Smith,
1978) indicated that younger (five year old) children were sensitive to
dimensional differences, as indicated by their use of dimensional des-
criptions. In contrast to the older children, however, the five year
olds did not utilize dimensions for thé sorting tasks. Kembler and Smith

(1979) utilized colour and form as well as size and brightness in two »



sepérate'expe;iments involving a concept learning Fask. No evidence for
developmental differences was found. Both five jéat old and ten year
olq‘children treated the dimensiocnal combinations of'form and colour

and those of size and brightness as separate dimensions. The results

.of this expériment were interpreted by Kembler and-Smith as evidence for
" the sensitivity of young children to the dimensiégal structure of stimuli

“"under some conditioms" (1979, p. 150).

In the "same~different" paradigm, a serial processiﬁg model requires
“the subject to attend to the stimulus dimegéidn by dimension. Lf young
children treat stimulué dimensions as integral while adults and older
children treat them as separable, results obtained from yowung children's
Ysame-different"” judgments cannot bé»explained 5§ the same processing

model as those of adults.

2

Formal Predictions from,Serial and Parallel Models

for "Same-Diffefent Judgments'

To determine whether subjects are processing ‘'same-different" stim-
uli acco;ding to a parallel o£ a serial model, predictions from these
models will be mathematicglly,derived. Let bs be the prodcessing time‘for
2 same, decision on a single stimulus dimension and bd be the processing
time for a different decigion on a single stimulus'dimension. The ;umber
of dimensions along which a stimulus may differ will be designated by L
and the number of differences present will be identified as D. Reaction_.
tiﬁe for stimuli with three stimulus differences possible apd three dif-

ferences present, for example, will be denoted RTﬁDD' Similarly, stimuli

with two differences present will become RTSDD’ RTDSD or RTDDS depending
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upon the order in which stimulus dimensions are interrogated. Let h be the
mean time req?ired for transmission of information from the retira to the

brain and from the brain to the muscles.

A. Predictions from the Seriai,Self Terminating Model

According to Bamber's (1969) serial self terminating model, reaction

times for D decisions are given by

(L -~ D) b + b, - (1)

RT = hf—(D'rI) ’g d

DIFFERENT

In the present report, an important modification of Bamber's model
is proposed since there is strong evidence requiring the rejection of the
constancy of bs and bd' In fact, according to Hyman (1952) and Egeth (1966},

reaction time for a single dimensional comparison, eithaer bS or bd’ in-
¢creases linearly with the increase in the amount of stimulation present.

Thus, for the modified serial model, Equation 1 becomes

. (L - D)

Rlprererest = 041 {;D T %t P 2)
where 1 is a linear component deﬁending on L and 1 < |. The predictions
from this model, together with proofs now follow.
Prediction 1: When L = D reactiom time increases as L increases.
Proof: When L = D, Equatiomn 2 predlgts RTDIFFERENT =h + 1 - bd' As L in-
creases 1 increases. Equation 1, on the other hand, predicts RTDIFFERENT
=h + bd which is constant for all values of L. Bamber's empirical results
(1972, p. 323, Figure 3) fit predictions from (2) but mot from (1).

Prediction 2: From Equation 2, it is possible to generate the following

predicrion:
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. \'\ p )
Rlpss ¥ Rlgps * Rlggp R Hur,

3 DOD (compare with Hawkins, 1969).

Proof: When L = 3 and D = |, Equation 2 becomes

(L - D) :
Rptrmerext = 2 "1 {52 1) b H04

8- 4 iy
n st %4

LN

=h+1b +1b
S

Whed L = 3 and D = 3, Equation 2 becomes

o (L - D)
Mprrrerent < T Y [ow ) Pt bé]

(3 - 3)
=h+-l[(3_+l_)- bS_+bCJ

= h + 1 b.
d

. RT_.. + RT.._ + RT
helb, <h+1lb +1lb, . 7RI~  DSS - DSD DSS

It is evident from the proof .that the result also holds for the orig-
inal Bamber model. Available experimental evidence cornfirms this predic-

tion (Bamber, 1969, p. 171, Figure 1).

Prediction 3: From Equation 2 it is alsc possible to generate the following

prediction:
RTD-<: RTDDD Fcompare with Hawkins, 1969).
Proof: Whea L = | and D = 1 Equation 2 becomes -

RN



(L -D)
Rl IFFERENT © h+l[(n+|) bs*bﬂ
‘ . 4
(t -1
= b+l T bs+bd]
- h + 1|bd
. ALY
Whea L = 3 and D = 3
' L - D)
RTprrFerent - 0 1L o+ D bs+bcﬂ
_hae1 B33y Ly
59 + 1) s d
:h+l3bd

However 1 increases as L increases. Therefore, lI < 13 where 13 is defined
as 1 for subjects judging stimuli with a maximum of three differences and

l‘ is defined as 1 for subject groups judging stimuli with a maxioum of

one difference. Therefore,

h+1l b, « h+1 bd'andRT

1 Bg 3 < Ripppe

D DDD

Importantly, Prediction 3 distinguishes clearliy the original Bamber (1969)
model and the proposed modification. Bamber's results (1972, p. 323,

Figure 3} support the proposed modification.
Prediction 4: From Equation 2 it is possible to generate the following pre-
diction:

RTDSS:- RTDDD (compare with Hawkins, 1969).

Proof: When L

BandD=) ' . | h

RT h+1 bd..In a sertal model, in which the order in which

DSS

33
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dimensions are compared, varies randomly from trial to trial, the dif-

ference might only-be found after the second or third possible comparison.

Therefore

RTSDS:hf-l-bs-rlbd and Ri‘SSD =h1-21bs+1bd

The average of RTDDS’ RTSDS ;nd RTSSD then becomes h + 1 bs + 1 bd' As
RTDDD = h_# 1 bd' therefore

bl b, "< h .1 b_+1b, and RT < Toss ! RTSgs * ssp

if the order of dimensional comparison is random. This predictioa is con-

firmed by Bamber (1969, p. 171, Figure 1).
For the purposes of the present study, the foilowing new predictions
were generated from the serial self terminating model.

Prediction 5: If L imcreases aand D remains fixed, reaction time for that
N -

particular value of D will increase.
C ' (L - D)
Proof: Rlprprpgent = 0 ¥ 1 [(D T D Ps * P

-

—h+1b,+1Lb +1D5b
d s S
D+ 1 D+ 1

Since D is fixed, h 4 1 bd'- 1D bs‘ is a constant.
D« I

However, since 1 L - bS/D ¥+ 1 clearlf increaggs linearly with L, RTDIFFERENT
incréases with L D + ! (this prediction also follgws from Equation 1 and is
confirmed by Bamber (1969, p. 171, Figure 1) and Hawkins (1969, p. 56,
Figure 1)).

Prediction 6:  If L remains fixed and D varies from D = | to D = L, then

RTDIFFERENT_decreases as D increases.
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. ' (L - D)
Proof: Rlprprgrent =2 * 1 [0+ 1)y B 1 P4
(L - D)
=h+1 bd + CRSD) 1 bs
Since D=1, 2 ...... L, L-D2> 0, i.e. positive,.
As D increases L - D becomes smaller, | becomes smaller and

d D+ 1
becomes smaller (Bamber, 1969, p. 171, Figurc 1l; Hawkins, 1969, p. 56,

) D+ L -Dp
(L - D) [——— becomes smaller. Thus h + 1 b, + -—————) 1b alsc
(b + 1) s

Ay

Figure 1).

i) Randem vs. Fixed Order

if the.times required to process all the dimensions used in a par-
ticﬁlar experiment are approximately equal{ subjects appear to be compar-
ing these dimensions in a random order. Equation 2 and predictions 1 to 5
are based on a2 random order of comparison..

However, if processing time for a particular dimension is very much
faster than for t£e others {(e.g. Hawkins, 1969, p. 58, where the dif-
ference is > 100 ms), subjects appear to process dimensions in 2 fixed
order; processing the fastest dimension first. In Hawkins (1969), processing

1
time when the fastest dimension (colour) was present with any other dif-
ference, for example a colour and form difﬁerence vs. 2 colour and size
différence, was almost identical to processing time for stimuli differing
only in colour. This appears to indicate that subjects are processing
éolour first, and therefore tﬁat the order of processing dimensions is

fixed.

Whether the order of processing dimensions is fixed can be determined

35



' most easily by examining reaction times when L = D. In Prediction 1 (ran-
dom order)i“Ri was proven to increase with L (L = D). However, if a fixed
order of COméarison applies, the following prediction can}be generated.
Prediction 7: If reaction time for a single stimulus difference differs
greatly from reaction time for other possible differences

RTDIFFERENT when L = D will decrease as L increases.
Proof: Assume three possible differences exist, colour (bdl)’ form (bd2)
and size (bd3) such that ;gaction time of bd3 > bd2 > bd!’ see Hawkins
(1969, p. 58), where the difference is > 100 ms. A fixed order of dimen-
» Sional comparison is assuméd. .

Whea L = [ and D = !

h+1lb

Rlcororr = ! at

RT =h+1 bdz-

Rigrze - =0 %1 Pas

KT, rrERENT (AVERAGE) = © * 1 (bdl 3 o bés) (&)
When L =2 and D = !

RT 1 our + ForM = B ¢ 1 Pal

RTporM + SIZE = h - 1 (bd2 ’ bd3)

RTooLouR + s1zE = © - F Pl

RINIFFERENT (AVERAGE) cne1 (¢ o0t b§2 * de? (B)

To show & » B it is sufficient to prove
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bgs * bgy * by, >t\.4 bay * by * bys
3 /

6 by + 6 by, ¢ 6D > 12 byp +3b, +3b,,

3Bgp * 3bg3 > 6by,

but b < b and b < b

dl d2 dl a3
. 'bdl*bdl <bd2fbd3 and
2 bdI -< bd2 + bd3 e -
6 bdl < 3 bd2 + 3 bd3
When L = 3 and D = 3 _ . 4
RIprrrERENT (av) = 0 ¥ 1 by (©
o 52 Gbgp # by #bys
ince d' = 3 < 3

C < B < A

This predictioq was confirmed by Hawkins (1969). Ac;ording to Bamber

(1969) reaction time for samé decisions can be symbolized
RTsame = L b_ + b (3)

if a serial self terminating model is utilized. From the formula, it is
possible to predict a linear increase for same reaction time as L in-
crgases. However, the reaction time for a single same decision (bs) also
increases as the number of possible differences (L) increases (Hyman, 1952).

These two linear increases are equivalent to a quadratic increase. There-
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fore, whenever subjects compare stimuli according to a serial self ter-
minating model, reaction times for § decisions will show a quadratic_in—
crease as L increases. Thus gquation 1 above becomes

RTsame = Q (L)bs + h (&)
where Q (L) 1is a quadratic in L to be determined experimentally.
Q (L) =Y 1if L = 1. Thus, we have
Prediétion 8: If we do not assume linear inkrease in bS with L, we obtain
Hawkin's (1969) result that RT increases linearly with L. The proof is
given bélow.'

1

Proof: For L I, RTs = h™ + s

For L = 3, RTsss = h + 3s
Since s < 3s .'. h+s «< h + 3s

. . RTs = RTsss

This result can also be proven for the quadratic case.

ii) Single Dimensional Comparison Times

Previous experimenters in the "same-different" paradigm, for example
Bamber (1969) assumed isochronality. Under this assumption, reaction time
for a single dimensional comparisen resulting in a same judgment (bs) equals

—~ A
reaction time for a single dimensional comparison resulting in a different

~ .

lThe length 'of h differs between the dominant and non-dominant hand but
h is always constant for a particular subject using the same hand.

-
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judgmentk(bd). If isochronality is assumed, the.serial self terminating
model requires S reaction times to be longer than Dl reaction times. How-
ever empirical results of many "same-different" experiments suggest that
processing time for a single dimensional comparison 1s less for bS than

bd’ bs =t bd (Bamber, 1969, 1972; Grill, 1971; Hawkins, 1969). For example,
values of bS and bd from Bamber's (1969} empirical results can be cal-

culated as follows:

When L =1 and D = |
RTSAME =h + bS )

(L - D)
Rlprprerent = 0 %1 [(D ¥y 1) Pst Py

/
(-1 !
:h+l(l+l)bs+bd] » /'/_\)

= h+lbd.
Since L = T, RTDIFFERENT reduces to h + bd'"
RT rereRenT ~ Msayg = P+ Pg ~ 0 - g
' =b, -b .
" d s

Therefore Bamber's isochronality assumption bd = bs requires that

- — - T
RTDIFFERENT = RTSAMB when L = D = !. From Bamber's data (1969, Tables 2

and 3, p. 172) we have .RT 384.3 and RT 337.9, hence

DIFFERENT ~ SAME =

bd = bs + 46.4 msec., contrary to Bamber's isochronality assumption. When
bS is reliasly less than bd’ a2 number of important consequences follow
readily.

Prediction.Q: If bs < b., RT < RT T for low values of L and

d’ TUSAME DIFFEREN

RTSAME =’RTDIFFERENT for high values of L. The relative speed of bS and bd



111 determi e val )
W etermine thé value of L required to obtain RT., ... > RTy cpepent

Proof: RT <

DIFFERENT RTSAME if

pe L*D) oy <h+lb

Dt 1) s d

(L - D)b5 + (D + l)bd < bS (D + 1)L

L bS - D bS + D-bd * bd < L bS D+ 1L bS

Dbd+bd<LbsD+DbS+ Lbs_Lbs

bd(D+1)<DbS(L+[) | (6)

Whenever this inequality is true, D reaction times will be faster
than S reaction times.

The main points of Prediction 9 are evident from the following
examples.
Example 1: When bS is considerably faster than bd’ then with relatively
small values of L the relatiomship betwaen RIDIFFERENT and RTSAyE changes.
In particular, suppose 2 bs = bd’ then substituting into Equation 6 we
have

2 bs (D+1) =D bs (L + 1.

/
2D+ 1) <= D@L+ ‘ {7)

1f this inequality is true, then D judgments are faster. When L = 2 and
D = 1, Equation 7 becomes -
2 (L + 1)y <1 (24+1)
i =« 3

Therefore, the inequality (6) is not true and

40
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RIgoe = ®lprrreRent

When L = 5 and D = | Equation 6 becomes

2 (1 +1) =« P (3+1)

4 = 6

Therefore, the inequality is true and RTSAME.a' RTDIFFERENT' In fact, for
L =35, RTSAME = RIDIFFERENT for all D the difference in RT's increasing
as D increases.

The next example illustrates the tfade—off between the value of L
required for the change in relation of the RT's and the relative values
of bs and bd' If we assume a smaller difference between bs and b, than

d
in Example 1, RTDIFFERENT will become faster than RT when L is smaller

SAME
than in the previous example.
Example 2: Assume 1.25 bS = bd' Then .

1.25 bS (D+ 1) « DL+ 1) (8)

1F this inequality is true, then D reaction times will be faster
than S reaction times.
When L = 2 D =1 Equation 8 becomes

.25 (1 + 1) <= 1 2+ 1)

~
-

2.5 = 3 "R

C

Therefore, the inequality is true and RTDIFFERENT - RTSAME'
Finally, if we assume a larger'difference between b5 and'bd,

RT -

SAME wneil L assumes a larger value than in Example 1.

RTDIFFERENT

Example 3: Assume 4 bs = bd' Then

Abs(D-#-l)-::D(Li—l) (;)



If this inequality is true, then D reaction times will be faster than S

reaction times.

)
When L = 5 and D = 1, Equation 9 becomes
S+ <« (5+ D
8§ « 6
. . -1
Therefore, the inequality is not true §nd RTSAME < RTDIFFERENT'

B. Predictions from the Parallel Seif Terminating Model

Since no pfedictive formulae are available fbr the parallel models,
new formulae were developed. Predictions were then made from these for-
mulae. According to Egeth (1966, 'p. 246), parallel models can bé constant
or distributed. A constant model is defined as a model in which "the time
required to make a comparison along a single dimension is constant over
all trials". A parallel distributed model is defined by Egeth as a model
in which the time required for a dimensional qompafison "fluctuates some-
what from trial-to-trial as would be the case if comparison times were dis-
tributed like a random variable". =

For i = I, 2....L, let bi be the proééssing time for the i th dimen-

sion when the decision is same. For the various dimensions, e.g. colour,

form, size, bi's are assumed to differ. If we assume the constant parallel
>

¢

lOn page 86 of this report, figures for b_ and b, from the present study
are used to show that "fast'" $ reaction ElmeS‘can be predicted from
Bamber's (1969) formula for serial self termlnatlng models when bg == by
and L is low.
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L

TABLE 1°*

A Summary of Predictions from the Modified Serial

Self Terminating Model

When L = D, reaction time increases as L increases.

RT + RT + RT

DSS SDS SSD

i 3 > Rlppp-
R’I‘D - RTDDD'
RTDSS >R’I‘DDD.

1f L increases and D is fixed, RT for that particular value of D will

increase. ’ )

If L remains fixed and D varies from D = I to D = L, then K IFFERENT

increases as D increases.:
If reaction time for a single dimensional comparison Jiffers greatly

from reagtlon times for other dimensional comparls_ons_’_'RTDIFFEREN’l‘ for

L = D will decrease as L increases.

R'I.‘s < RT . As L increases, RTSAME increases quadreiplcglly..-.

§ss -
If bS X bd, then RTSAI{EZ < RTDIFE‘ER.ENT for low valués of L and RTSAME
> RTDIFFER.ENT for high values of L.' The relative speed of bs and bd

will detemigfe the v:'alue o_:f L. required to obtain RTSAME > RTDIFFERENT'

- ,
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model, then
-='h + max (bi)1 . (9

.o K .

~

If, however, we assume, as earlier, that reaction time for bi's increases

Rlsoe

as L increases, then .

'RTSAME =h+ 1 (max (bi)) - ] B -~ (10)

where lL is some linear componment such that lL > 1, and 1 increases with

-

rLL_L(,‘a/’ﬁifi Equation (10) applies to the distriﬁhteq model (Hawkins, 1969). From
’ - ??uation (10) it is possible to generate the following prediction.
.. hd

<

/ .
“Prediction 10: RT > RT, .

SS8S

Proof: RT = h + b .
z A

RTSSS =h

'-

1 (max (bi))

Since 1 > 1, 1b_ > b

.. h+1b > h+bDb

-

. RTggq > RI,

L

Tor i =1, 2 .... L let

_di..be the processing time for the i th dimension when the

decision is different. When L = D . 2

.

3 |
RTprppprent = 0+ 2o (di), (11)

for the parallel constaat model.

max - maximum.

tion time to judge same on three dimensions when L = 3.

2 ’ . .
~ “RT, is reaction time for the slowest dimension when L = !, RTggg is reac-

min = minimum. - N

44



For the parallel distributed model,

RT rrreRenT = B+ 4 (mim (di))

45

12

where LL_iS some linear component such that 1 > ] and LL increases with

L.
When L is fixed and D = |
£ |
Rl FFERENT = U (13) (constant)
' di ’
- Rlorrrerent = P ¥ 1L T (14) (distributed)
When L is fixed and D = 2
RT - p e 13 min (&4, dj)
DIFFERENT ~ i<j L {constant)
a
Riprregrent = 0 Y lL(;g min (di. di) (distributed)
When L is fixed and D = 3
RT =h +-,EE min (di, dj, dk) )
DIFF .l"]_’k L ™ (constant)
iej=k .
—
- s g min (di, dj, dk)
DIFF ~ LL i,j,k L (distributed)
. imj=k
For any D the formula becomes
RT ... =ha+ éf min (di,, di,, ...dip) (constant)
DIFF . . .
i, 1 -eeidg L
i' <12<:13.. <:1D
mi (di di ee. @i )
.- s A D .
RTDIFF =h + l!_. 15 iz ""iD I ;di_strlbuted)
il"'iZf:iB""':iD

. In

Hawkins (1969), a table of predictions for the parallel model was



given. Thése predictions were made without proof. Mathematical proof

that these predictions are a necessary comsequence of the model, will
now be given. Two of the present proven predictions do not agree with
Haﬁkih;' earlier predictions. To facilitate comparison, Haukins"nota-.'
tion will be uéilized. Hawkins made predictions only for the three-di-
mensipnal case (L = 3) with D=1 and D = 3. Let RTx be the reaction

time to judge that a difference exists oﬁ dimension x when L = ! énd
D=1. RTv.and RI; are defined similarly. RTy (y:) denotes the reaction
time to judge éhag x is different and y and z are the same when L = 3 and

D=1, RTy (xz) and RTz (xy) are defined similarly. RTxyz denotes the

b .
reaction time to judge that x, v, and z are different (L = 3 & D = 3).

i) Predictions for Parallel Self Terminating Distributed Model

+ RT + RT .

v (xz) z(xy) -
3 . :> RIxyz

Prediction 11: R'Tx(j,rz)

Proof: Let dl = RT to complete the fifst dimensional comparison

'

T
on dimension x

d2 = RT to complete the second dimensional comparison
on dimension y
d3 = RT to complete the third dimensional comparison .
on dimension z .
Let d3 > d2 => di
RIDDD = h + ls {(min (i)} = h + l3 d,
Rpss * Rfsps * Flggp ai
3 = h + l3 3

46



(d' + d2 + d3)

3

=h+l‘3

However dl-r:.d2 <d3 ..dl+‘_:12+-c13:n--dl*-dlo'.:ll

. d,+d2+d3>3d|
3 3

d, # d, + d > di

( 2 3
C(d, +d, +d.)
1-x+.1..3 1 32‘ 3 >h+l3d|
F
RIpgs-+ Rlggp * Rlgpg -
3 > Ry,

(Bamber, 1969, p. 171, Figire 1). —

Prediction 12: RTy -=< RT
; 2 xyz

Proof: Define dy, d, and @ in Prediction 1l. let d; < d, = dg4

RT =h+1, d RT =h+1,d
X U | xyz 37
ll:--l3 ..l]dl-«:l?’dl -
.'.h+lldi<h+lzdi
. RT_ == RT (Bamber, 1969, Hawkins, 1969).
x xXyz
. -
RT and RT cannot be compared to RT .
y z xXyz
Proof: RTy =h + l’ d2 RTZ =h + lI d3
R8T = h 41, (o (di)) = h + 1,d T
xyz 3 - B 3 i i [
\ A
Now dl << d2 and d] <d3 _ C/:
- .
but 13 1, and l3 >1]

&



Therefore 14 d| and 11 d2 cannot be compared and

13 d; and 1 d3 cannot be compared.

Prediction 13: RT = RT
x(yz) xyz
Proof: RTx(yz) =h + 13 dl
.'/
_ A .
_Rvaz =h + 13£ﬂm1n (di))

<

= h + ¥3 d) &
i

This prediction has not been confirmed in any "same-different” ex-

periment to date.

ii)} Predictions for Parallel Self Terminating Constant Model

Prediction l4: RT; = RTggg-

Proof: RT; = h + b3 where b, < b2 < bs.

RIsss - h + (max (bi)) but max bi = b3
. RI__ = h+by=RT,
: RT , ' RT
Prediction 15: RTx(yz) i Tv(xz) v z(xv)
> RT
3 Xyz
Proof: RT

x(yz) © RTy(:w-) * RTZ(?EY) - h 4,&
3 - 3

h + dI + d, + 4

RT = h +(min (di))
xyz

4

h + di

Now d, + dl + dl <.d| + d2 + d3

48



3 3
e 3at<he i ah g
dh 3 3
Rt & ~'pss * Msps * Rlsep ‘
Xyz 3

4

Prediction 16: RTx = RTwyz where x is the fastest processed-dimensipgﬂ_—

Proof: RT = h + d,
x

&
1]

h + (min (d4i))

3 Ea—— e

:1‘1"‘d.I

Prediction 17: RT ) = RT

x(yz Xyz
Proof: RTx(yz) = h + dl
R'I‘xyz = h + (min di))
»)=h+d

. 1

C. Distinguishing Serial from Parallel Models

To distinguish parallel from serial models, RISAME should be examined.

As Lincreases, RT increases linearly for parallel models but quadrat-

SAME
ically for serial models.

If subjects appear to be processing stimuli according to a serial
model, relative reaction times for S and D judgments should then be

examined to determine whether the predictions listed in Table 1, p. 43,

are confirmed. Fallure to confirm any prediction would suggest the model



o - TABLE 2

A Summary of Predictions from the Parallel Self

* _Terminating Model

X
A. Distributed Model
10. RT s RT
-1t z
RT_ + RT_, _\ + RT_,_
11. Tx(yz) z(xz) z(xv) ::, RTxyz

3

12, RT_ « RT
x xXyz

RT and RT cannot be compared to RT .
v 2 Xyz

13." RT

x(yz) = RTxyz

B. Constant Model

14. RT = RT
z 558 -
o RT + RT + RT
15. Tx(vz) g(xz) z(xy) ::, RTxyz
16. RT = RT
x T - Txyz .
17. RT RT

x(yz) = xXyz

50
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" is not applicable whereas coufirmatioﬁ of all predictions would sug-

gest that subjects are comparing stimuli according to the serial self

terminating model. (T? . , o .
Similarly, whenever‘ghbjects appear to be processing stimuli ac-

|
cording to a parallel model, the predictions of Tabld 2 ﬁage 50, should

be tested. With parallel models, either predictionms 10, li,

-~
for the parallel self terminating distributed model or prediction 4,

15, 16 and 17 for the parallel self terminating constant should be

‘confirmed_before use of a parallel model would be indicated.

. . .
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(7. .
7’ CHAPTER IIT
l -

Experimental Investigation of "Same-Different™

- Judgments and Methodological Issues

In just over a decade an enormous and impressive literature detail;
ing the variety of factor§ influencing “éame—different” judgménts has
arisén. In this éection, we briefly'rev;ew this literature pointing out
the methodolo&ical variables of impﬁrtance to the present experiments.
In particular, we present detailed statemeﬁts of the relevance of each

of these factors in the form of explicit hypotheses in the context of the

experiments to be reportéd. -
{A)} Characteristics of the Stimul;. When required to decidé whethe; two
stimuli are the same or difgerent, adulns'compare the stimuius objects
according to a fast parallel'prdcéss‘if stimulus differences are easily.
discriminable (Nickerson 1967, 1969) . épch'parallel processing also re-
quires codable stimuli (Bindra, Donderi and Nishisato, 1968). Accofding

to Bamber's (19695 Two-Process Model, $ reaction times are féster than ‘
D reaction times when parallel'processing.is utilized fo% S judgments;
Therefore, Nickerson (l§67, 1969) would predict that adults; would have
faster § reaction times than D reaction times when stimulus differences
were easily discriminable and the stimuli themse}ves were-codable. Ac=-
cording to Egeth (1966), adult subjects would have D reaction times which
are faster than S reaction times, if serial self-terminating processing

is employed. Thus Nickerson (1967, 1969) would predict that adult sub~

jects would .have D reaction times which were faster than § reaction times -

o



if the stimulus differences were difficult to detect.

Accordingly, the following hypothesis cd;ld be constructed. (1) If.
differences between stimuli are easy to detect, adult S reaction times
will be shorter than adult D reaction times.

(B) Developmental Status of the Spbject. If a well defined relation in
same and different .reaction times were established for adults, experiments
would then be necessary to determine at what stage of development this
;elation occurs in children. Studies of st%mqégs separability indicate
that young children ére able to process dimensions individually in some
cases but not in oéhérs (Kemler and Smith, 1979). If children process
"same—diffeéent” stimuli differently than adults, age should interact

‘JF,EEEE’BLhﬁxtxaEEEEEEf_in a "same-different" investigation involving

- aduit and young child subject groups.

The‘serial self terminating model requires subjects_to compare
stimuli along one dimension at a time. If stimuli are integrgl for chil-
dren, then serial self terminating comparison will be impossible for
thafp If adults compare stimull according to a serial seif terminating
model and children cannot utilize this form of comparison then only
adult results should confirm all predictions from the serial self tefminat—
ing model.

Accordingly, the foliowing hypotheses are constructed: (2) If same
and different reaction ;imeé of young ghildren, older children, and adults
are analyzed by means of analysis of variance, there Qill be a maip ef-
fect of age and an interaction between age and at least one other ex-

periﬁental variable. (3) If same and different reaction times for adults
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confirm predictions from the serial self termin&ting model, then same

-and different reaction times for young children will not confirm all pre-

.

dictions from the serial self terminating model.

A young cgild still in the process of acquiring the concepts of
sameness and difference might possibly detect and process stimslus dif-
ferences less readily than an adult. Thus the stimulus differences
"readily discriminable" for the adult might well be "difficult to dis-

tinguish" for the child. Adults, therefore, should show faster $ reaction

times than D reaction times to a set of stimuli because of their ability

to make more efficient comparisons or because they use parallel processing.

On the othér hand, young children should exhibit faster D reaction times

LY

because they use serial self terminating processing since they find the

differences between the stimuli difficult té detect.

In_Janseﬁ;s‘(1974) study, how;vér, stimyli were allowed to diéfer
along two dimensions, c&lour and form. S reacticn times were faster than:
D reaction times for stimuli differing on a single dimension (D' reaction

. . v, hd
times). Therefore, these results suggest that the developmental status of
the subject does not appéér to dete%mine the appropriaté model.

Possibly both adults and children find differences between stimuli

easy to detect when only two dimensions, form and co r, are invelved.

By increasing the number of dimensions along which differences could oc-

cur, difficulty of detection might increase. For young children who are

still in the process of learning to detect sameness and difference, task

difficulty might possibly increase more quickly than for adults. Thus

children would fail to demonstrate fast § reaction times with fewer dimen-

sions of difference than adults.
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Accordingly, the following hypotheses could be constructed:
(4) If stimuli are allowed to differ along at most, two dimensions,
S reaction times will be shorter than D' reaction times for adults, ol- p

der children and younger children. 2////7

- {5) If the maximum number of possible differences increases from/fdg to

five in one unit steps, faster § reacEionC:;;EE_gﬁEﬁ*Q-tsiftion times
, : : .

. T
will be eliminated first in younger children then in older children and

finally in adults.

(C) Practice Effects. Acéordingfto Grill (1971) and Corcoran (1987),
adult subjects shift fEbm sgrial to parallel processing after sufficient
practice. If these findings are replicated in the present experiment,

then Hypothesis (6) should hold. !

-
-~

. -8 o o
(6) An analysis of variance of S and D reaction times will reveal a

main effect of "days" and an interaction involving days and 4t least one-

other'experimentgl variable. )

(D) Role of Comflict. Jansen's (1974) subjects made fewer errors on scim;ii
in which both of the poésible-differences; form and.coiour, wéré present
than on stimuli requiring an $ judgment.. This could be inte;pretéd as
evidence that two differences were easier to detaét than t@o identities.

From this, one would assume that fewer errors would have been made on

)
slides in which the stimulus Bﬂjects were different on one dimension and
the same on the other. Jansea's (1%974) subjects, however, made more errors
‘ A : o
on such stimuli than either $§ stimuli or D stimuli with difference on

bogh dimensions. This was interpreted as a possible indication of an ad-

ditional factor operating in the situvation. This factor, conflict, could

33



56

-

-

cause the subject to hesitate and take.a second look at stimulil in which
_the comparison along one dimension—réshlted in a judgment which conflict-
ed with thg-judgmen;.résultihg.from the comparison along the other dimen-
sion. This;;6nflict éo&la serve to increase errors and to increase reac-
tion time. If one were to hypothesize éreacar corrflict in younger age
groups, faster S reéctiourtimes could result more from conflict than from
parallel processing.

If stimuli were allowed to differ along four dimensions, the conflict
hypothesis would predict maximum D reaction times when differences occur-
red on twe of the four dimehsions. However, examination of available re-~
sults fails to produce support for the conflict hypothesié. Bamber (1969)
found mgximum D reaction times oc;urred when only one of the four possible
differencés was present. Maximum D reaction times also occurred when stim——
uli differed on one of four dimensions in experiments by Egeth (1966),
S$ilverman and Goldberg (19753), Donderiand Case (19%0), Derks (1971) and
Eichelman (1970).

Accordingly, one the basis of these studies it would be possible to
construct the foilowing hypothesis:

(7) When five differences between stimuli are possible, reaction
times w;ll be longest for stimuli with only one difference present, follow-
ed in order by stimuli with two differences present, three differences

present, four differences present and five differences present.
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Summary of Hypotheses

,

1. If differences between stimuli are easy to detect, adult S reaction

b

times will be shorter than-adult D reaction times.

If same and different reaction times of young children, older childreﬁ,
and adults are analy;sf’py means of analysis qf variance, there will
be a main effect of age and an interaction bétween age and at least
one other experimental variable.

If same and different reaction times for adults confirm gll predictions
from the s%rial self terminating model, then same and different reac-
tion timesffor voung childrep will not confirm all predictioms from
the serial self terminating model.

I1f stimuli are allowed to differ on a maximum of two dimensions, D
reaction time will be shorter than DI reaction time for adults, older
children and #oungchildren.

If the maximum number of possible differences increases from two to

five in ome unit steps, faster S reaction times will be eliminated first

in younger children, then in older children and finally in adults.

An analysis of variance of S and D reaction times will reveal a main
effect 6of '"days" and also an interaction between "days" and at least
one of the experimental variables.

When five differences between stimuli are possible, reaction times
will be longest for stimuli with only one difference present followed.
in order by stimuli with ‘two differences present, three differences

present, four differences present and five differences present.



b Methodalogical Issues . o - .

In designing experiments to test the foregozng Eypotﬁeses not only

4 Iy

theoretical but methodologlcal 1ssues were 1mportant As in :he previous
ten years of expe:lmentation using the same—different” paradigm, éoﬁtrd;
of possible bias factors was essential. . e .

{i) Bias arising from Hand. Dominance ¥

" Two respomse buttons, side by side, have been used .to indicﬁié S or
D jhdgments in the "same-different" paradlgm Subjects push one button to
1nd1cate an S dec1510n whlle the other button is used "’ to record ;.D
judgment. Naturally, if the gomin;nt hand is dlway;'used for the S'buﬁtonl
S decisious wiil be recorded more‘g;igk%y. Similarl&,'if the dominant hand
were used to indicate D decisions, these ;ould be faster than § judgmengs.

To control for thig obvlaus bzas Bamber (1969, 1977), Nickerson )

(1967, 1969) and Tversky (1969 1973) requlred half their subjects to in-
dicate $-decisions by pushing a button with a flpger of the dominant hand
while the other half of the‘subjectg us;d tﬁe non dominant hand to ingicate
D judgments. This method qf.ccntrslli;g hand domindnce, used most fre-
quently in the ”same-diffe;gnt" paradignm, has the advantage.of siﬁjiiéity

'
for the subject.

51EE§EQE%:EI§:sother researchers such as Bindra, Williams and Wise

(1963) and Bindra, Donderi and Nishisato (1968) have used 2 "ome-handed"

- -

method of hand dominance control. In these experiments, subjects are all

- ; ) .. v
required to.press the button with a finger of the dominant hand on every

-

trial. Between trials, each subject rests. the index finger of the dominant

.

-



haedlon a key located midway between two-buttons. Half of the subjects
iedicate_an S judgment by pressiﬁg the buttén. to the right of the key
while the remeining subjects use this button to record a D decision.

S1milarly, the first half of the subjects use the button to the left of

the key ‘to render a D judgment while the remaining subjects use it to

-~

P
_record-an-S'decision. Little variation in the distance between central

key and buttons is fouha. Coltheart and Curthoys (1968) used 1 in.
Bindra Donderl and Nishlsato (1968) 1.5 1n., and ‘Entus and Bindra (1970)
2 in. As ‘the same hand is used by igch subject to record both S and

/

_D,dec151ons, less varlablllty in reaction time could be attributed to fac-

tors other than Speed of reaching an § or D judgment. This method, however,

. .
A e ;

’ * has not been tested with 5-6 year old childr%n. In contrast, unpublished
studies by'Petrqsic (eersonal communication) ;;Hicate the suitability of
the two handed method for'use with 5-6 year old childree.

A lever was used by Whlte (1960) in 2 variation of the one ﬂ}nd
procedure. In thlS choice reaction time experlment, subjects were re-
quifed to push Lhe lever up if one stimulus was shown and dawn if another
appeared.: After ‘each judgment wes given, ;he leﬁeg was retdéned to the
middle position. The next trial could not begin unless the lever was in .
the correct position. Sekuler and Abrams (1968) utilized this method of
recording decisions in their "same-differen" study. In contrast to White's
(1965) study, Sekuler s and Abrams’ switch was pushed from right to left.
Half of-the subjects indicated an S decision by moving the switeh to the
riéht while this movement indfeated a2 D decision for Ehe remaining sub-
jects. This corrected for the faster movement of the switch to the right,

The switch was spring loaded to make finding the middle ition easier.




One button was used by Tversky's (1973) child §ubjects. For S judg-
ments, the child said "ves" and pushed the button, while D judgments were
given by a "no" and push to the same button.

1If a "yéé" response required a shorter latency than 2 "no" response,
reac;}on times obtained could be seriously affected fy bias. For this
reas;n, Tversky's (1973) method of correcting for hand dominance was
judged'unsuitagle for use in a previous study (Jansen 1974) . Results ob-
tained in this study confirmed that the two button method could be mas-
tered by 5 and 6 year oid children. The two handed method was élso used
by many of the researchers whose theories and experiments -are of prime
dmportance to the présent studv, Bamber (1969, 1972), Bambe? et al (1973),
Egeth (1966) and Nickerson (1967, 1969). For these reasons, the two handed

LY

method was chosen for use in the present study.

(ii) Bias from the Sequential Effects of Response Repetition

Circumstances under which responses are faster when stimuli are the

.
»

same as those used in the preceding trial are described by Cantor (1969).

Where only.two possible alternatives exist in 2 choice reaction time

/

task requiring the naming of‘alternativésh response times are significant-
ly faster for repeated stimuli; Shorter reaction times fo¥ repeated stim-
uli as qompared to alterating or randomly alternating stimuli were found
by Bertelson (1961). In this task, adult subjects were required to push
the left hand button if one light flashed and the right hand button if the
other light flasheé. Bertelson (1963) also found shorter reaction times
for repeated stimuli when four alternatives were used. Bertelson and
Rankin (1965) however, found that the difference in reaction time in

favour of repeated stimuli, decreased as the time interval between stimulus

60
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* presentation increased. Repeated stimuli were also found to have sig-
nificantly shorter reaction times by Remington (1969), who used a choice
reacrion time task with four possible alterngtibes. With a six choice
reaction time task in which the ?féﬁébi}ity of occurrence of eacﬂ stim-
ulus was varied at each trial, Falmagne (1965) ‘found shorter reaction
times for repeated stimuli and this result was verified by Krinchik (1569)
with two to eight stimulus alternativesl

In choice reaction time studies, the apparatus used to record judg-
ment times i; similar to that employed in the 'same-different” ﬁaradigm.
In both paradigms, stimuli ave- displayed ;n a screen in front of the sub-

’

ject. The individual is required to push one of two buttons, basing his

decision upon the stimulus display. Sequential effects observed in choice

+
-

reaction timé studies, therefore, are also present in "same-different”
-egﬁeriments. -

Although shorter reaction times for repeated stimuli have not oc-
curred in alll choice reaction time experiments, the possibility is suf-
ficiently strong to warrant counterbalancing of repeated and changed
stimuli in a "same-different" study.

In the "same-different" paradigm, moreover, a significantly shorter
reaction time was found for repeated stimuli. In these experiments

fKruegér 1973, Eichelman 1970 a and b) letter stimuli were used. Relative

reaction times for S and D judgments were affected as S reaction times

lNo effect of repeated stimuli was found by Cantor ané Cantor (1964),
Bogartz (1965, 1967) and Bogartz and Witte (1966).

-~
1
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were shortened more than D reaction times when the response on a par-
ticular trial was identical to that of the previous trial. This demon-
stration of the sequential effects of response repetition in the "same-

different' paradigm itself makes control of this factor even more

.

essential.

(iii) Bias arising from Sequential Effects of Stimulus Repetition

The number of possible stimulus pairs resulting in an S decision is
smaller than the number of‘possible stimulus pairs resulting in a D de-
cision for any given set of stimuli. The effect of stimulus repetition
upon "same - different" reaction time was investigated by Nickerson
(1969), Eichelman (1970 a and b) and Krueger (1973), all of wphom utilized
letter stimuli. Significantly shorter reaction times were found when the
stimuli were identical to the previcus trial, S responses being more
strongly affected than D decisions. Two successive identical § pairs,
morecever, are more likely to occur than two stuccessive idemtical D pairs
since the number of bossible S pairs is smaller than the number of pos-

5

sible D pairs for any given set of stimuli.

%
(iv) Bias arising from Proportion of Szme and Different Judgments

The proportion of § trials in a particular study was found to af-
fect relative reaction times in "same-different! studies (Coltheart and
Curthoys, 1968; Bindra, Williams and Wise, 1965). Bindra, Williams ;nd
Wise, using stimuli which differed only in pitch, found S reaction times
decreased significantly when the proportion of trials requiring an S
decision increased from 107 to 907. Similarly, D de;ision times de-

creased significantly when the proportion of trials requiring a D judgment
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increased from 10Z to 90%.

Downing (1970) also investigated Eiﬁggnse probabilities in the "same-

different" paradigm. When the number of 5 responses equalled the numbel

,

o,
of D responses, average S reaction time was shorter than when three D

responses were required for every's response. When the number of S res-
ponses was equal to the number of D responses,.S reaction time was shorter
than D reaction time. When three D responses were requiréd for every §
response, D reaction times was faster than $ reaction time. Downing sug-
gested that processing criteria for S decisions might cﬁange with the pro-
portion of § respoanses. If a high proportion of respomses required S de-
ciéion, subjects way spend less time looking for a difference. Because
an § decision has a high probability of being correct, subjects might re-
port an S decision before procéssiné was complete on all dimensiéns. In
contrast, whenever a low proportion of § responses was required, sub-
jects woulé?hait until processing was complete on all dimensions.

The relative reaction time of 5 aﬁd of D decisions was also found
to depend upon the instructiomal emphasis placed upon speed as compared
to accuracy (Biﬁdra, Williams and Wise, 1965). This factb;, however, is
relevant only.to stimuli differing along a single dimemsion. The present.

study, which investigates relative reaction times for S and D decisions

differing along two to five dimensions, is not affected by the variable.

(v) Repetition of Specific Stimulus Pairs

If the number of S judgments equals the number of D judgments, spe-
cific same pairs (e.g. two red circles) are more likely to appear than

specific different pairs (e.g. a red circle and a2 blue circle}. If
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_rgﬁccioﬁ”tkgé decreased with each exposure to a specific stimulus ﬁair,

?;ster S reaction times could be an artifact of more frequent repetition

‘;f specific § st?mulus pairs. The importance of this bias has beeny dis-
_ééunted by Nickerson (1968, 1973), Krueger (1973) and Williams (1972) who

 demomstrated that the repetition of specific stimulus pairs made no sig- .

nificant contribution to the difference between S5 and D reaction times.



——

CHAPTER IV

Method

A. Subjects ' {

Two hundred'and.forty subjects were "used:
80 Kindergarten children with a mean age of 5 years, 7.5 months (+ 5.2 mon),-
80 Grade 6 children with a mean age of 1l years, 8.6 months (+ 6.1 ton)

and 80 university students with a mean age of 21 years, 3.0 month

ﬁ\\\\(:_lh.s mon). Each group was composed of an equal number of males and

females. Kindergarten and Gﬁife S;Bubjects were pupils jg the d:tawa Roman
Catholic school board from the fgilowing schools: St. George, St. Elizabeth,
and Corpus Christi. These schools were chosen as their pupils represented

a cross section of socio-economic strata. Adults, undergraduate students

at the University of Ottawa, were drawn from a second year course in De-
velopmental Psychology and from a first year course in Introductory Cal-
culus. Subjects were of normal intelligence with normal or normal correct-
ed vision. Children of below mormal intelligence were defined as those
whose difficulty with academic learning had led their teacher teo suspect

they were 'slow learners'.
Yy

B. Design and Stimuli

Twenty subjects from each age group were randomly assigned to one
of four sub-groups laballed 2D, 3D, 4D and 5D. Random assignment was sub-
ject to the restriction that each sub-group consist of ten males and ten
females. Group 2D subjects viewed stimuli which were allowed to differ

only along the dimensions of form and/or colour. Group 3D subjects were
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exposed to stimuli which were permitted to differ along the dimensiéﬁgf _

-

of form and/or colour and/or size. Group 4D subjects were pgesented with
stimuli w%ich were allowed to differ along the dimensions of form and/or
colour and/or size and/oé orientation of a centre black line. Group 5D
subjects viewed stimuli which were allowed to differ ;long the dimensions
of form and/or colour and/or size and/or orientation Qf-g centre black
line and/or margin solidarity.

Each subject viewed 288 slides in three separate experimental ses-
sions held on different days. Ninety-six slides were presented during
each of these experimental sessions. Each block of 96 slides was sub-
divided into two blocks of 48 slides each, 24 trials requiring an $ judg-
ment and 24 requiring a D decision.

Stimulus objects were either two dimensional squares of cirecles.
Each object was either red or blue. Except for group 2D, each stimulus’
object could be either large (18 cm) 5?‘3&311 (10 ’;t With the exception
of groups 2D and 3D, a centre black line on ea stimulus object could
be either horizontal or vertical. For group 5D, a black margin on each
figure could be ei:hér solid or broken.

For group 2D stimuli, each set of 48 stimuli consisted of 24 stim-
uli with differences in both form and colour,l 12 in which stimuli—ddf-

fered on form alone, and 12 in which the stimuli differed on colour alone.

'lAdmittedly, this particular selection of dimensions on which stimuli dif-

fered was confounded with the number of dimensions on which the pairs
differed. This confounding is surely likely to be inconsequential since
the assignment of form and colour to the pairs in the 2D set is natural
and serves as a basis for a reasonable construction of stimulus pairs
in the 3D, 4D and 5D stimulus sets.

-
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For group 3D, each set of 48 D stiﬁuli-consisted of 16 stimuli with dif-
ferences.on form,\gsipur, and size, 16 with differences on form, colour,
or size and 16 with two differences drawn fésm the dimensions of form,
colour and sfze. For group 4D, eacﬁ set of 48 D stlmuli consisted of 12
-stimuli with differences onlform, colour, size and centre line orientation,
12 stimuli with differences on form, colour, size or ceantre line orienta-
tion, 12 stimuli with twe differences drawn from the dimensions of form,
celour, size and centfe line orientatien and 12 stimuli with thgge dif-
—_ ;

ferences drawn from the same possible difference dimensions. For the 5D

. -\ .
group, each set of 48 D stimul isted of nine stimuli with differences

along the dimensions of A£orm, colour, pize, centre line orientation and
margin solidarity, ninme with differencgs along only one éf the above di-
mensions, ten with two differences dra from the above dimensions and
ten with three differences from the above dimensions while an equal num-
ber possessing four such differences also were shown. A complete listing
of the total variety of slides used for the D stimuli is available from
the author.

Identical ﬁairs were constructed by yarying all pbssible values on
each of the dimensions on which the stimuli differed in the D pairs. For
example, the set of 2D identical pairs was composed of two large red
circles, two large red squares, two large blue circles and two large blue
squares, all with a vertical centre black line and a solid border. A
comﬁlete iisting of the stimuli useé for the 3D, 4D and 5D identical
pairs is available from the'ahthor.

The number of S trials preceded by S trials was equal to the number

of D trials preceded by D trials in each block of 48 trials. Moreover,
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the number of S trials preceded by D trials was equal to the number of
D trials preceded By § trials for‘each block of 48 trials. Thus for §
decisions, the number of "repeated trials” in which the decision was
identical to that given on the previous trial was equal to the number
of '"changed trials" in which the decision was pot‘the same as that given
on the previous trial. .
Eurthermore, for D jdugments, the number of '"changed trials" also
equalléd the number of "repeated trials" while the number of both "repeat-
ed" and "changed" trials for S decisions was identical to that for D
judgments. 1f a D judgment followed a D judgment or an S decision fol-
lowed an S decision, the actual stimulus pairs were not identical. For
each group, 1C subjects pushed a $§ button with their dominant hand. The
remaining 10 subjects of each group pushed a D butten with their dominant

hand.

C. Apparatus

A wooden partition, 1 m. square and painted white, was positioned on ,.\\;
a table approximately 25 cm from the seated Subjegt. This partition served
to conceal the projector and timing devices from the subject's view..A
rectangular opaque screen, 25.8 cm long and 19 cm wide, was inserted into
the partition. For each group of subjects, the height of the table and
screen was adjusted so that the centre of the screen was approximately at

L 4
eye level. Each of the two response buttons was located 8§ cm below the
h ol \
screen and exactly 2.58 cm (one inch) to one side of the centre of the

screen. A 5.2 by 7.7 cm card on which either "S$" or "D" was printed was

placed below the appropriate button.

o
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{EEEBehind the partition and hidden from the subject's view, a Kodak

\\%?rosel projec¢tor, model 650, was placed 1.55 m. from the partition for
rear projection onto the screen. An aqaptation‘to the’ remote control.

unit of this projector enabled ﬁhe slides to be changed automaticallf

by a repeat cyclé timer, Lafayette model 5661 AP, which was connected to

a triple puise former, Lafayette model 58021.

On each trial, the subject's reacgion time was measured by a-digital
clock counter, Lafavette model 54517 and automatically recorded by a
princar,'Lafayette model 560é5 {see Appendix A for wiring diagram).

At the beginning of each trial, the slide was projected onto the screen,

.

and initiated the counter to begin timing the subject's reaction time.

When the subject pushed either button, the counter stopped and the time
was printed to the nearest one thousandth of a second. The repeat cycle

timer then advanced the projector to the next slide, with a three second

delay. —

D, Procedure

Each experimental session consisted of 10 practice trials followed
/' .
by 96 test trials. The procedure for each test session is described below

in detail.

»
4

Group K = Day 1. The experimenter.brought each child-into the experimen—
tal room in which the apparatus had been placed on a central table. The
child was seated in(g chair in front of the apparatus screen. The ex-
perimenter instructed the child iz7£?1 ows:

Let's look at my picture boagtfirst Bubject and experimen-

ter seat themselves at the table] These pictures are on

the machine now. Do you know what they are? What is this one?
-
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[ThE experimentgxr points to the circle and waits for a
reply. This is repeated for the square. If the chilg

does not know the name of the symbol, the experimenter

gives it to him. The experimenter then turns to the page
showing symbol pairs;] -Here is a red circle. Here is an-
other red circle. Are they the same? The-experimenter waits
for a reply. Good. Here is a red circle. Here is a blue
square. Are they different? Ehe experimenter waits for a
reply] Good. Hegre is a blue square. Here is a blue circle.
Are they differt t? The experimenter waits fer a reply.
Good. One is a'sggagg/and one is a circle. [The experimenter
points- to the appropriate object] Here is ajred circle and
here is a blue circle. Are they different? in experimenter
waits for a reply.] Good. One is red and one i% blue. [&he
experimenter points to the appropriate object. These in-
structions are then repeated with 5 more stimulus pairle

The experimenter then instructed the ¢hild as follows:

Now come work the machine. Here is a red circle and here

is another red circle. [?he experimenter points to each]
Are they the same? [?he experimenter waits for a reply.]
Good. When they are the same,push the same button. [The
experimenter demonstrates] This button has $ under it.

Now here is a blue circle and here is a red square. [The
experimenter points to eali Are they different? l?he
experimenter waits for a rep J Good., When they are
different, push the different| button. Ehe experimenter
demonstrates the action.] Theiffeyent button has D under
it. TRey are different. Now you it. [A slide with two
blue squares is shown. If the child does not push the same
button, the experimenter says 'Push same"”. This is repeated
for 10 trials, the experimerter prompting when necessary:]2
You work the machine nice and fast. You can go fast and not
get any wrong. Here are some more for you to do. [&he g6
test trials are then presented]

¥

"
R

llf the subjecquggéonded correctly, the experimenter proceeded to the
machine. If the subject did-not respond correctly, the experimenter
repeated the training procedure with the second set of pictures. If the
subjects still did not respond, they were eliminated from the study. None
were. . '

2 ‘

“1f the subject did not respond correctly during the 10 practice trials, the
instructions for jag use of the machine were repeated. A second set of 10
practice slides wds then presented. If the subjects still did not respond
corrently, they were eliminated from the study. None were.



Group K — Day 2 and 3. The instruction with the book was omitted but _
the use of the ma;hine reviewed. ' | ) :
Group 6 - Day 1. The experimenter brought each child indiviéually into
the experimental room seating him in front of the apparatus. The ex-
perimenter instructed the child using pictures as follows:

" This is a machine to test how fast you can get the-right
answers. It shows pictures like this. [The experimenter
shows a card on which thé stimuli are displayed, points
to each and names it. A flash card with two red circles:
was then displayed] Are these the same? [?he experimenter
waits for an answer] When they are the same, push button
S. [The experimenter demomstrates. A card showing a red
circle and a blue square is then presented.] Are these
different? [?he experimenter waits for a replyJ When they
are different, push the D button. [ihe experimenter demon-
strates. A card showing a blue square and a blue circle
is then presented.] Are these different? El‘he experimenter
waits for a reply] Yes, ome is a circle and the other is
a square. Now push the right button. [?his procedure is
repeated with a red square and a blue square;] Now try the
practice ones on the machine. Do them as‘fast as you can -
without making mistakes. Ehn practice trials are then run.]
You work fast and have few mistakes. Now here's the test
[96 test trials are then run]

. Groﬁp 6 - Day 2 and 3. The practice was the same as for Day 1 but with
the following instructions:

in a dif-
ice trials

2yery

7 run]

Today we will run the machine with the pictur
ferent order. First, let's practice. [T pra
are then run.] Now we are ready to go. Be corr
time but be fast too. [96 test trials are &

Group & - Day 1. Each subject was brought into the room indiiézzglly

and seated in a chalr in front of the apparatus. The experimenter

lIf the subject did not respond correctly dufing the 10 practice trials,
instructions for use of the machine were repeated. A second set of
practice slides was then presented. If the subjects still did not
respond correctly, they were eliminated from the study. None were.
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instriucted thé~subject using pictures as follows:

-
-

- . " This is a machine to test how fast you can make
decisions - the right decision, of course! It-shows
pictures like this. the experimenter shows a card on ' .-
which the stimuli are displayed, points to each in

, . turn and names itl] .Each time we will show you two
' pictureg.. [Two red circles appear on the screen.] If
the two/pictures #re exactly the same, push the S button. »
) The experimenter demonstrdtes. The picture changes to a
P red circle and @ blue square.] If the two pictures are N
. different, push the D button. -[The experimenter demonstrates.
~ The picture changes td a blue cirgle and a blue square]
Different shape is different. [The experimenter pushes
the D button. A red square and a blue square appear.] .
Different colour is different. The experimenter demonstrates.
Any difference at all, push D. If they are the same, push S. »
Now here are some for practice. Do them id fast as you can
without making mistakes. E?en practice trials are then givena

o T Cood! Now here's the real test. Remember to be fast and
accurate. . )

Group A - Day 2 and 3. The procedure was the same as for group 6, Day 2

-

+ and 3. ' _ ' C- .
. - A
< LA
. /
b “
b 4
-\‘ ) # s
4 >
' ' = - .
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. el o
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- ponse times are presented gtpﬁ function of number of possible differences:

CHAPTER V .
Results

[

The finﬁings are presented in thtree main sections.. The first pPro-—

jﬁﬁ vides summaries of the main aspects of performance- and, using analvsis

of variance (ANOVA), determines the statistical reiiability of the ef-
fects of age, practice, stimulus format and importantly; nu&b;r of dimen-
sions, sgparétely for § and D rebpqnse times. The second examines S and
-D response times with respect to thé various predictioas from alter—‘
native models. The final section examines response times for specific
'scimulus combinations, providing further detailed tests of the alter-
native moéels. Throughout, the findings are presented separately and in
detaii for each agé level proﬁiding the major focus of the analysis in

each section. -

A. Main Aspects of Task Performance

Since overall error rate was low, 3.5%7, all analyses are based on

mean correct response -times. Table 3 summarizes the main features af .

H

/' task performance providing means and standard deviations of response

=3
times for § judgments and D judgments when stimuli differed on all dimen-

-

sions (DAEE}f when stimuli differed on the one most salient feature

(DSAL) and when stimuli differed on but bne dimeasion (D!). These res-

separately for each age group.

o

A e

IS

£
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Three.sepdrate ANOVAS were conducted. They were based on the comparisons

. most revealing in distinguishing the various models. Furthermore, within

each ANOVA, the important effects of age, number of possible differences,

Practice and-their interaction were examined separately.

'

B. Same Versus D! Reaction Times

Cqmparison.of response times for S stimuli ‘and D! stimuli ﬁermit a
decisive test of the éntire class of serial self terminating models in
those etperlments in which bg bd.L If bs = bd’ the serial self ter-

minating model does not permit S decisions to be longei than D! decisions.
An ANOVA using individual subject mean correct judgment times as the de-
. pendent variable was copducted with Stimulu; Format (S vs. D!) and Day
as w1th1n subject factors while Age Group and Vumber of Possible Dif-
ferences were between subject variables, following Kirk (1968); Appendix
B provides the ANOVA table for. thls analysis.
As ls'clearlv ev1dent from Table 3, the important main effect of

‘Format is highly reliable Wlth faster $ than D! respouses,

F(1,228) = 15.10, MS, = .010, pw< .Ol. Furthermore, dif%g:eacé;.between
S and D} were reliable for all groups, exceeding TUREﬂ;; HSD = ,019. A
significant effect of age was also found, F(2,228)/:’100.22, MS, = .22,

p=<.0l, with reaction time decreasing és age increased. All differences

between age groups were significant, exceeding Tukey's HSD = .023. A

lA single dimensional comparlson (i.e. comparison of colo resulting
in an § decision is defined as 5. a single dimensional komparison
results in a D decision, the comparisoh, is designated bg. en bg = by,
the isochronality assumption ho ‘




.

reliable effect of Number of Possible Differences was also demonstrated,
with reaction time increasing as the number of possible differences in-
creased, F(3,228) = 7:53, MSe = .22, p=.0l. All differences between -
groups 2D, 3D, 4D and 5D were significant, exceediﬁg Tukey's HSD = .010.
The main effect of days was also reliable, reaction times decreasing with
practice, F(2,456) = 54.24, MSe = .007, p=.01. All‘differences between
Days were significant, exceedigg Tukey's HSD = .025. Importantly, neither

the effect of age nor practice interacted with any of the othex; factors.

C. Difference Respounses

Examination of D response times depending on whether stimuli differed
on all dimensions, (DALL) or on the most salientl dimension (DSAL) as a
function of age, practice and number of possible differences, is espe-
cially import;nt in determining whether the processes underlying iudgments
of sameness and difference are age specific an@«whether practice tends to
facilitate parallel processing. Accordingly, ahother ANOVA paralleiing
the preceding ANOVA but using DALL vs. DSAL as the Stimulus Format, ;as
conducted. The ANOVA table is provided in Appendix C.

As is clearly evident from Table 3, a reliable main effect of age was
found, reaction times decreasing as age increased, F(2,228) = 95.63,'
Mse = .21, p=<.0l. Reliable differences between all age groups were found,

differences exceeding Tukey's HSD = 0.45. A significant main effect of

the number of possible differences was alsc found, reaction times increasing

. »
1 The most salient dimension is defined as the fastest D! response time.
Admittedly, this definition is strong and it is not clear how it might
be tesred but it is not without precedent (cf. Egeth, 1966).

76



as the number of possible differences increased, F(3,228) = 6.35,
Mse = .01, p«<.0l. All differences between reaction times for groups 2D,

3D, 4D and 5D were reliable, exceeding Tukey's HSD = .016. A reliahle ef-
SAL

*

SAL

fect of Format was also found, DALL being reliably faster than D
F(1,228) = 7.27, ¥S_ = .22, p<.0l. Differences between D" and D
were significant for all groups, exéeeding Tukey's HSD = .0l6. A signifi-
cant main effect o? practice was also demonstrated, reaction times de-

~

creasing with practice, F)2,456) = 48.93, MSe = .007, p=.01. All dif-

ferences between days were reliable, exceeding Tukey's HSD = .025.

For completeness, a comparable ANOVA using DALL vs. D! as the Stim-
ulus Format was conducted. The results, not too surprisinmgly, parallel
those using DSAL in detail. The ANOVA table is provided in Appendix D,

D. Theoretical Analysis - ' 5.3

b

To delimit the variety ‘of models and, in particular to examine the
adequacy of both the original and the modified Bamber model, detailed
analysis 6flS and D fesponse times and their interrelationships a;e
presenied in this sec¢tion. |

i) § Reaction times. Figure 4 plots mean S reaction times, collapsing

over days, as a function of L separately for each age group. As 1is evi-
dent from Figure &4, the plots show quad:atic‘increase;.

Polynomial regression analyses provide evidence of good ‘quadratic
fits for all groups, R2 = .§997, .9858, and .9942 for the Adult, Kinder-
garten, and Grade 6 groups,reépectively. The plots, cannot be as adequately
- described by linear trends for the Adults and Grade 6 subjects, R2 :'8786
and 9361, respectively. However, interestingly, a linear fit provides

nearly as good a description as the quadratic fit for the Kindergarten
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- subjects, R2 - .9922. Thus, overall these data fail to support the Bamber

model and are in accord with the modified Bamber model. ,

41) D Reaction times. Figures 5, 6, and 7 plot mean D response time as

a function of the number of differences presént, separately for each value
of L, for the Adult, Grade 6, énd Kindergarten subjects, respectively.

For every value of L for each group, D response times decrease as
the number of differences present increases, pernmitting rejection of
the strict parallel models and the conflict hypothesis (Jansen, 1974).
As well, these plots show that S reaction times are always faster tﬁan
D! responses, faster than 02 responses ‘in several instances, but never
faster than D3 responses. $ince these plots were essentially the same
for the\three groups, more detailed analyses were performed after
averaging over all subjects. The averaged plots are presented in Figure
8.

Least square regression analyses show that for each value of L,
response times decrease linearly as the number of differences present
increases. Furthermore,-the slopes of these plots are surprisingly
similar as is evident in Table 4 which summarizes these linear regres-
sion analyses. In addition, when L = D, the plot of D times against L
appears to be quadratic, contrary to the originaf'Bamber model bug in
accord with the modified Bamber model.

A Test of Isochronality in Bamber's (1969) Model

As discussed earlier, according to Bamber's (1969) model, S reac-

tion times are.given by

. RT, = h+L - bs
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FIGURE 5 - ADULT

Adult D Reaction Times for L = 2, L = 3, L = 4 and L = D when
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RT in M.Sec,

Grade 6 D Reaction Times for L = 2, L = 3, L = 4, L =
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Kindergarten D Reaction Times for L = 2, L = 3, L = 4,

when Maximum Number of Differences Varies from 0 to
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 FIGURE 8 - AVERAét

Average Reaction Times for L = 2, L = 3, L = 4, L =

=D when the Maximum Number of Differences Varies from
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TABLE &

~ 4

Summarv of Regression Analvses for D Reaction Times

as a Function of Number of Differences Present for .
—

L =3, 4% and 5

]

L
3 4 5
R ' 9923 .9677 *.9905
Slope - -.115 -.105 -.097

Intercept . 1.175 1.334 1.490



i -
and D reaction times by

d

where h denotes input and output times not involving decision components,

R’I‘D=h+b +bs (L-D)Y/(D+ 1)

bS the time to determine sameness on each attribute and bd the time to
determine difference on each attribute. Estimates of the ﬁarameters,

h, bS and‘bd were obtained by solving the systems of simultaneous.linear
equations, resulting from substituting the various values of D for each

L into the above equations. For example, in the case L = 2, the three

equations, RT =k + 2 b , RT
s s s

p = h + bd + bs/Z for D = 1, and

_RTD'= h+ b, for D = 2; can be solved for h,'bd and b_. Table 5 provides
these estimates for each value of D and each group. While the estimates
show considerable variability with varying values of L, it is clear

y .
that in every case‘bg is substantially less than b, rejecting the iso-

d

chronality assumption.

E. Specific §dmulus Combinations

In order to determine whether or not the main findings were an
artifact of averaging over the varioué stimulus cémbinations, response
times were exaﬁined separately, for each specific stimulus combihation.
In addition, such analyses allowed determination of the dimensions on
which comparisons were fastest. Figure 9 presents mean response times
for specific stimulus combinations after averaging over age groups, ;ince
all preliminary analyses showed uniformity of findings over age'levels;._

Separate one way aﬁalyses of variance with repeated measures,

with specific stimulus combinations were conducted for each value of L,

after blocking on age level. Table 6 provideg the usual ANOVA summary. In

-
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TABLE S

Single Dimension Comparison Times for S and D Judgments

and Neural Transmission Times According to Age Group and
Number of Pbssible Differences

bs bd h
Group 2 D
Adults 64 ms 118 ms 328 ms
Grade 6 106 ms 213 ms 422 ms
Kindergarten 450 ms 878 ms 480 ms
Group 3 D . . -
Adults . 93 ms ' 267 ms 386 ms
Grade 6 109 ms 296 ms 534 ms
- Kindergarten 343 ms 1254 ms 567 ms
Group &4 D .
Adults 73 ms 252 ms 292 ms
Grade 6 100 ms -379 ms 435 ms
Kindergarten 374 ms 1341 ms 422 ms
ﬁ. ’
Group 5 D . s
Adults 121 ms- 507 ms 196 ms
Grade 6 136 ms 574 ms 415 ms
Kindergarten 412 ms 1647 ms 1070 ms
. e

/‘.
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TABLL

Reaction Times For Speciflc Stirulus

Surnary of Analyses of Variance of

Corbinations for Groups In which 2, 3, 4, and 5 Mazinun Differences were Fosaible

- i
2 Fossible'Differences 3 fossible Differcences 4 Fossible Differcncces N S Tossible Differences
_ B
Solrce Sium Hean Sun Mean Sun Hean I Sen | Hean
of of of of 1 of m
¥ariation Squjres | df | Squares ¥ Squares]| df Squares F Squares | df Squarces 1} | Gyuares @ df _Squares | ¥
Speciflc _
Stimslus |
Conbination E.aoc 3| o027 13.50%¢+| 5.4 7 0.72 36.00°" 16,43 15 | 2.43% Bl.0i** ” 7RG 3l 2.4} [YUR.TTAM
e, “ | “
. i i .
Hetwueen . F .
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every case the effects of specific stimulus con;binal:ion were highly re-
liable. Post-hoc Sheffé tests sht;wed these differences were due ex-

‘clusively to differences in D and that response times for specific stim-

uli did not differ within a particular level of D with significance levels @'

set at & .= .05.

F. Errors

In the present study, 3.5% of responses were errdrs. Errors oc-
curred most frequently for D} decisions (4.86%) and least frequently for
S decisions (2.éozj‘with error frequency Ear DAI"L decisions falling be-
tween these two extremes (B.IfZ). No clegr differences among age groups
were noted (see Table 7) although the differenceigﬁaween error rates for
'S decisions and that for D! decisions was reliable (t = 17.5, p<.0l). As
the maximum number of differences increased, error rates also increased
the error rate for Group 2D being 2.8%, fof_Gron 3p, 3.2%, for Group
4D, 3.6% and for Group 5D, 4.47. Again, mo differences among age groups

were noted (see Table 8).



TABLE 7

Percent Errors for S Judgments, p! Judgments

and DALL 'Judgmen:s‘
’ s p! pAlt
Adults | 2.80 4.81 3.16
Grade 6 - 2.93 4.84 3 3.13
Kindergarten : 2.74 4.93 3f21
Average 2.80 4.86 ’ 3.1;
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TABLE §

3

D, 4 D and 5 D

Percent Errors for Groups 2 D,

Adults
Grade 6
Kindergarten

Average

2D

(8]
~1
L2

[ ]

.79

3D

3.53

3.58

3.69

3.58

5D

4.45
4.34
4.41

4.41
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N\ CHAPTER VI

Discussion

A. Models for Sameness-Difference

The results of che present study unambiguously demonstrate thatr $§
reaction times increased as the maximum number of possible differences,

L, increased. Furthermore,lthis increase was found to be qgadratic in
every instance, providing important support for the modified Bamber
model (cf., Prediction 8). |

According to Predictiorr 1, D reaction time for the case L = D should
increase with L if subjects are processing stimuli according to the modi-
fied serial self terminating model but not for the origlnal Bamber model.
This prediction was confirmed in every case as was evident in ?igure_s,
for example.

Prediction 2 requires reaction times for stimuli with one difference
present (D!} to be longer than reaction times for stimuli with all dif-
ferences present, (DALL) if subjects are processing stimuli according to
all serial self terminating models. Analysis éf variance showed, D! reac-
tion times to be significantly longer than DALL reaction times, confirm-
ing Prediction 2,

According to Prediction 4, reaction times for stimuli with only the
most salient difference present should also be longer than DALL reaction
times for subjects processing stimuli according to any serial self terminat-
ing model. Again, ANOVA's showed this prediction to hold reliably in every

case.
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7/“\ .
Prediction 5, from all serial self gérminating models, requires
1 .

re;ction times for a particular‘value of D to increase if L increases.
This prediction waglconfirmed for eaéh value of D (D=1, D=2,D= 3:
D ='a) in every case.

According to Prediction 62 ali serial self terminating models re-
quire D reaction times for each particular value of L to decrease as D
ipcreases from D=1 to D = L. The results of the present study show
D reactioff times for each value of L to decrease as D increases from
D=1toD=L. In fact, this decrease was found to be linear with con;
stant slope for all wvalues of L.

Prediction 9 from Bamber's serial self terminating model requires
S reaction times to be faster than D resction times for low values $f L
whenever bs (the time required for a single dimensional comparison re-

L .
sulting in a same decision on that dimension) is' less than bd (the time

~
-

required for a single dimensional comparison resulting in 2 different

decision on that dimension). Estimates of bS and bd (see Table 5) show

that bs x bd and bs <b, for every level and each value of D in accord

d
with Bamber, 1969, Hawkins, 1969, and Grill, 1971. .

o

Thus the significantly faster S times can bexéxplained easily by
the fact that estimates of bS are lower than the estimates of bd using
Bambrer's original serial self terminating model. Consequently, it is
not necessary to postulate a fast identity reporter. Therefore, the

results of the present study do not contradict the results of the modi-

fied serial self terminating model. However, Bamber's original model
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must be rejected for at least two reasons._ﬁﬂ%st, it does not permit

the rapid quadratic increase in D times with L when L = D. Second, the
isochronality assumption recelves no support as obtained estimates of

by are clearly lower than the estimates of by : .

The present results also permit rejection of a wide variety of
parallel processing models. For example, according to Prediction 13,
the parallel self terminating distributed model requires reaction time

for DALL to be equal to reaction time for D judgments with the one

most salient difference present (DSAL). Since reaction times for DALL

were significantly shorter than reaction times for DSAL, it is clear

that subjects do not appear to be processing stimuli according to a

parallel self terminating distributed model. Similarly, Prediction 18

-

N AL N N S-
requires DALL to equal DS if subjects are comparing stimuli according

to a parallel self terminating constant model. As results of the

present studylreliably and uwniformly indicate DSAL > DALL

L4

, the paral-

le]l self terminating constant model can be rejected confidently.

B. Developmental Factors

As expected, older subjects responded more quickly, and a significant
main effect of age was obtained. Importantly, however, age did not.inter—
act with any.of the other experimental variables. Thus, the pfésent ex-
periment establishes the uniformity of process over age in samenéss—dif-

ference judgments. Further, asidiscussed, the theoretical analysis of the
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the results show this process to be best described by the modified
serial self terminating model. Thus the present experiment shows,

in accord with studies concerned with stimulus separability (Smith

& Kgqler, 1977; Kemler & Smith, 1978, 1979) that young children are able

to compare individual dimensions of a multifeatured display separately.

The present findings are not in accord with those of Griil (1971)
énd Corcoran kl9675 who showed that adult subjects switch from serial
to parallel processing after sufficient éxtended pracfice. In the present
study, the switch was hypothesized to occur developmentally with adults
switching to parallel processing before children. Since tI¥ days
variable did not interact with any other variable in the present study,
practice merely increased thelspeed wicth which the serial'process oc-
curred and did not result in parallel pr&cessing. The reasons for thig
disparity are not clear and tﬁe large number of differences between
the studies (e.g. number of practide trials and number of subjects)

precludes speculation.

1f response conflict were an important factor in the present study,
thge(the longest reaction time would occur for L = 4, at D= 2. At L = S;
fzgponse conflict predicts lénger reaction times for D = 2 than'for D=1.
In the present study, D reaction time @ncreased for every L as D increased

from D = 1 to D = L, clearly rejecting response conflicts as a factor in

same-different judgments, contrary to Jansen (1974) but in accord with



Egeth (1966), Nickerson (1967, 1973), Hawkins (1969), Grill (1971) and
Bamber (196M2).

C. Bias Factors

Support for the serial self terminating model witg bS < bd would
be weakened, if, im the present study bias towards S judgments could be
demonstrated. That is, the fast § reaction times demonstrated by the 2D,
3D and 4D groups might be due to bias toward the S response. However,
this argument can be rejected for a number of reasons. On each day, every
subject judged 96 stimulus pairs of which 48 required:an 5 judgment and
48 required a D judgment. This sgrved to eliminate bias due to more
frequent repitition of a particular decision. In each group, however, the
particular stimulgs pairs which composed § stimuli had to be repeated more
often than the paﬁticular stimulus pairs which composed D stimull. If
reaction time for a particular stimulus pair (e.g. two small red circles)
declines as the number of judgments involving that pair increases, then
S reaction times would be faster than D reaction times partly as a result
of tﬁis bias. However this explanation receives no support from the avail-
able studies (Nickerson, 1973; Krueger, 1973).

Bias due to specific stimulus combination was alsoc a possibility in
this study. For example, reaction times for D slides with two differences
present in group 3D must be obtained by averaging reaction times for .CF
(colour and form differeﬁces present), CS (colour and size differences
present, and FS (form and size differences present)). Lf reaction times

for any specific stimulus combination were significantly different from

reaction times to other stimulus combinations included in the averaging

96



process, bias would result. With a smaller number of specificlstimulus
combinations,l a grﬁup of subjects could be run such that these sub-
jects would judge D slides with only one specific stimulus combination
(e.g. Cf) used. In the present study, the number of spegific stimulus
combinations precludes the use of such a procedure. Thus, post hoc¢ com-
parisons were made between reaction times for épecific stimulus com-
binations for D slides with one difference present in group 2D, with one
and with two differences present in group 3D, with one, with twe and
with three differences present in group 4D, and with one, two, thfee, and
four differences present in group 5D. As no significant differences were
‘found between specific stimulus combinations, bias due to specific sti@—
ulus combination becomes less likely.

Bias due to a specific effect of a difference in margin must also

be considered. Overall, average S reaction times were faster than average

1Specific stimulus combinations which would require separate groups are
as follows:

-

Group 2D

cC F =
Group 3D
C ¥ S
CF Cs FS
~ Group 4D
c F S 0
CF (03 Co FS FO 30
CFS CFO Cs0 FSO
Group 5D
c F S 0 M
CF CcSs Co FS ¥O- 50 oM ™ SM CM
CFS CFO CS0 FSO CFM CSM FSM COM FOM  SOM
CFSO CFSM CFOM FSOM FSOM



D reaction times in groups 2D, 3D; and 4D. ‘While, D reaction times were

faster_théh S reaction times in group 5D.: However, differences 1Q_mar-
gins (M) oc;yrred only in group 5D. Therefore, the possibilicty exisgs
that faster D redction times are due to a particular effect of tﬁe dif-
ferences on M. For this bias to be significant, reaction-times for spe-
c;fic stimulus combinations inmcluding M-ﬁould have to be significantly
different from reaction times for D.slides which did nét iﬁc}ude M.
Therefpre, reaction times éor 5D stimuli with one difference present

were compared as follows:

MVSC-rFAo-Sh—O ) \ -

Similarly, reaction times for 5D stimuli with two differences present
p -

were compared.as follows:

CF+ CS + CO + FS + FO + SO
P

M vs CF +« CS + C06+ FS + FO + S0

" CM vs

CF+CS +#CO+ FS + FO + SO -
6

CF + CS + CO + FS + FO + SO
vs g

™ vs

oM

-

Reaction times for 5D stimuli with three differences present were com-
pared as follows:

CFM vs CFS + CRO + CSO + FSO

CFS + CFO + CSO + FSO
- 4

¢FS + CFO + SCO ¢+ FSO

CSM vs

FSM wvs

COM vs CFS +_CFO + CSO «+ FSO

- &

98
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CFS + CFQ + CSO + FSO

SOM vs A ‘
CFS +CFO + CSO + FSO = -
P FOM vs %
For S? stimuli with four differences present, the following comparison was
made:’
CFSO vs CFSM + CFOM + CSOM + FSOM

4

For none of the above comparisons was a significant difference found.

Thus the possibility of M differences significantly affecting the relation-
. . < > - . -

ship of § and, D reaction times appears less likely.

-

D. Error Rates

Error rates in previous studies utilizing the "same-difféerent" para-
digm tended to be small. Some researchers such as Bamber (1969, 1972, 1975)
coqtrolled error rates by eliminating any subject whose error rate ex-
ceédéd 3%. By this means overall error rates were kept between 1 and 27
(1.57 in Bamber's 1969 experiﬁent and 1.4% in-l972). Qther experimenters
typically dbtained error rates between 27 and 77%. The overall error rate
oé 3.5% in the present experiment was comparable to those previously ob-
tained. Error rates for D jgdgments with all differences present at 3.177%
were lower fhan error rates for D judgments with only one of the possible
differences present 4.867. This difference could be explained by the fact

that detection of ditference is more difficult when only one of the pos-

sible differences is present.
~

In the present study, the error rate increased as the maximum num-
ber of differences between stimuli increased being 2.79Z7 for Group 2D,

. 3.207 for Group 3D, 3.587 for Group 4D, and 4.41% for Group 5D. Evidently,
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since no clear differences among age groups occur in either Table 7 or

8, the differences in speed of prpcéssing among the groups cannot be
ascribed to differences in speed-ac;n;a;yﬂgz?deoff strategy (sée

& ’ -
Pachellaﬁ(lS?é) for a discussion of the spee&>npcuracy tradeoff). Similar-

ly, since both error rates and response times igéxeaéé’monotqnically
[
over the conditions given in Tables 7 and 8, speed-accuracy tradeoff

. ) . . \ .
explanations of the major findings can be :ejecte?. -

|
J

E. An Alternative Formulation: Krueger's Model (1978) -
\

. According to Krueger's (1978) Noisy Operatér o el, subject process
stimuli in a series gi\glances. A siﬁgle glancé is assumed 'o-handle up

to about four or five dimensions. Withiﬂ'glance, stimulus prbcessing is

assumed to be configurational, best described.,as a form of template pro-

7
cessing. f

-

. / .
Krueger's noisy operator model has been successfully applied in the

case where stimulus material can be handled by a single glance. In this
model, the within-glance configurational processing is accomplished in

one to five.pasées, each of 200 ms duration:l During each pass, dif-
ferences are counted and accumuldted over several passes. If the ac-
cumulated number of-differences_exceeds a preset criterion, 2z D judgment
results. An extremely low difference count, below anothér present criterion,

/ .
results in an S judgment, while further passes are required if the dif-

ference count is between these two criterion points. To explain why S

lThis figure was arbitrarily set by Krueger after preliminary investiga-

tions.
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judgments are.fas a udgments for multifeatured stimuli, Krueger
introduceé thé/::zi:;iﬁ;j‘j:i::?\ré Krueger'é "same~different” experiments
(1970, l97§;/as well as the majority of "same-different" experiments he .
examined, more errors occurred when § slides were disglayed th;; when D
slides were displayed. According;y, he maintains internal noise is more
likely to make a same pair look different than to make a“differenE pair
look same, so pairs that look different must be rechecked (Krueger, 1978,
p. 279). This rechecking of different pairs results in a slower reaction
time for D judgments. Krueger demonstrates how a higher error rate for

S slides can be predicted‘frbm nis model. This model involves the as-
sumption that the number of perceived differences for § slides and for

D slides can be represented és a binomial distribution with the mean num-
ber of perceived differences being smaller for 5 slides than the.mean
number of differences for D judgments. As both the binomial distribution
for S judgments and that for D judgments are positively skewed and must

be so by the very nature of binomial distributions, incorrect responses

to S slides will be more frequent than incorrect respomses to D slides.
Krueger (1978) and Nickerson (1978) maintain that the ability of Krueger's
model to predict error rates 1s an important point in favour of the

model.

However, in the present study, error rates were lower fos 5 judg-
ments than for D judgments. This pattern has also been found in other ex-
periments, for exampie Bamber (1969, 1972), Grill (1971), Hawkins (1969)
and Nickerson (1967) although it should be noted that the error rates

are very low generally and perhaps do not provide a very sensitive test

—
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of the model. Nevertheless, these findings question the applicability of
the model as fitted by Krueger (ef., Appendix A, p. 302). It is possible

to salvage the model by postulating biased preset criteria on the number
of differences attribute. In fact, va££ations in criteria locations are
indistinguishable from changes in the form of the prototypical same and
different distributions.

'To develop and illustrate the noisy operator model, Krueger (1978)
used data from other exégriments Treported in Shapire (1977) and Shapiro
and Krueger (1977). In each of these experiments, the mean S and D reaction
times are known. Krueger assumed that the number‘of perceived featural
mismatches were binomally distfibuted. Assﬁming a pass time of 200 mseﬁ
and using the formulae in Appendix A, Krueger fit the model to the reaction
time distribut%ons. However, the model] encountered difficulties in pre-
dicting 400 low an error rate. In conclusion, while Krueger's model is
effectié; in describing in comsiderable detail a wide variety.of details

of same different judgments, probabilities, and reSponse-times, it has

done so under a host of arbitrary and at times unclear assumptions.

¥F. A Proposed Study

Fast S reaction times are predidréd from the serial self terminating
model'when bs -<bd and L is low.‘Results of the present study confirm
this prediction. However, Prediction 9 also states that DI reaction times
will be faster than $ reaction times for high value of L. The value of L
required to eliminate fast reaction times will depend on the relative
values of bs and bd.'

A further test of Prediction 9 should be undertaken to demonstrate\

-
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faster D reaction times for high L. In this proposed experiment, either
adultsor children could be used as subjects without loss of generality
since the present study shows young children's "same~different" judg-
ments can be described by the same ﬁodel as that for the adults. This
proposed study would require a maximum value of L of 8 to lO‘at the very
least. Since the number of possible stimulus combinations doubles with
each increase in L, use of a computer randomly to select specific com-
binations for use in this study might be advisable. Further simplifica-
tion might be achieved by elimination Sg/;Lme values of L. For example,

a study could use L = 2, L = 3, .L = 9, L ; W0orlL=2,L= 4, L = 6,

L = 8, L = 10. By this means, f;>\fé§€?ﬁexperimental groups and subjects
would be necessarv. However, an experimenter who eliminateé some wvalues
of L would risk eliminating exactly those values of L in which the switch
from fast same to fast different occurred. In order to overcome this dif-

ficulty an experimenter might plan two high L experiments. The first ex-

periment could be utilized for locating the values of L in which the

f
\l
switch from fast S to fast D occurs. For example, L = 4, L =8, L =12 énd//

L = 16 might be used. A second experiment could then be designed to ex-
plore relative § and D reaction times in with more finely spaced values
of L in this region. For example, if S reaction times were faster for

L

8 and slower for L = 12, this second experiment might utilize L = 8,
L=9,L=10,L =11 and L = 12. For these proposed experiments, the ex-
perimental parameters, e.g. apparatus and instructions, for example,
should be identical, or closely similar to those of the present study.

Perhaps, using either letter or number strings would permit stimuli with
—‘\
~
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sufficient dimensions for these experiments.

G. Practical Implications of the Present Study

In the present study, yéung children appeared to be using a serial
self terminating process of comparison as did older children and adults.
This implies that young children are able to compare stimull on one at-
tribute at a time in the ”same-diffe:ent“ task just as in the concept
learning task used by Kemler and Smith, 1979. These findings have im-
plications for the design of programmes in readiness and early reading in
Kindergarten and Grade 1. In many readiness and early reading tasks,
children are required to detect sameness and differemce. The stimuli used,
coloured and geometric shapes, single letrers, short syllables or words,
may differ along one or more dimensioms. If children are able to process
stimuli according to a serial self terminating process of comparison, they
could compare the stimuli on one dimension or attribute at a time. Thus
this view suggests that, since stimuli can be decomposed Inte analyzable
separable components, children should be taught to notice fine details
.(e.g. b, the ball on the right side, d the ball on the left side) in
teaching letter identification. Furthermore, it also follows that chil-
dren should be trained to examine the detail of each letter then identify
the letter, proceeding from letter to letter, left to right in a serial
process of comparison, in word comprehension. In fact, in a phonics based
reading programme, exactly this process occurs {Engelman, S. and Brumer,
E.C., 1974). The child examines eath 1etterzsequentially from left to

right, noting the details of each letter and identifying the letter‘by

its sound. In a later stage, these sounds are synthesized to form a word.

104
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If a young child is capable of processing the individual dimensions within
a multidimensional stimulus and if these are processed serially, the skills
demanded by a phonies based reading approach are readily accessible.

In contrast, if a young child were unable to process individual dimen-—
sions, and tended towards parallel or holistic‘processing of stimuli, the
reading approach discussed above would be less natural and therefore more
difficult for the child. Furthermwore, ié young children tended to utilize
this parallel or holistic approach and older children did not, then thi/’/,
sequential and phonetic reading approach first discussed would be more
appropriate for the later primary grades. Holistic 'or parallel processing
would suggest a reading apprbach in whi;h words were identified globally
by their general appearance focussing on several aspects of the word at
once (e.g. number of tall letters, position of tall letters, idenﬁity of
initial consonant) rather than focussing on one letter after another.

Furthermore, children's apparent ability to process stimuli accord-
ing to a serial self terminating model and the similarity of thié pro-
cessing gﬁttern to that of adults suggests the importance of the ability
to detect fine detail and the ability to proceés and remember details in
the correct sequence. Thus children should not be trained to notice and

process several aspects of a stimulus at the same time. This ability would

assume adult parallel processing as a desirable goal for children. In
contrast, children should be specifically trained to detect differences
between stimuli even when only one of the possible differences is present.
Furthermore, exercises requiring detection of differences between stimuli

in sequence, and reproduction of these differences in the correct order,
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would be useful in developing those skills necessary to the development

of reading ability.



) ' 107

APPENDIX A
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APPENDIX B

Table 9

Summary of Analvsis of Variance of Reaction Times for § and for D!

Judgments According to Age, Number of Stimulus Differences anﬁ Days

Sources of Variation

Between Subjects
Age
Number of Possible Differences

Age X Number of Possible
Differences

Subject Within Groups
Within Subjects
Format

Age X Format

Format X Number of Possible
Differences

Number of Possible Differences
X Age X Format

Format X Subject Within Groups
Days
Age X Days

Number of Possible Differences
X Days

Age X Number of Possible
Differences X Days

Days X Subject Within Groups
Format X Days
Age X Format X Days

Format X Number of Possible
Differences X Days

Age X Format X Number of Possible

Different X Days

Format X Days X Subjects Within

Groups

** p < .01

Sum of
Squares

99.624
44.096
4.970

L4l
50.148

.15
.02

.02

.Q06
2.54

.75

.015

.020

.03

3.21

.06
102.69

184.56

4,36

1670239.42

d€

239

[ %)

12
456

12

456

Mean
Squares

22.05
1.66

.151
.01

.01

.001
.01
.38
.0038

.0033

.0025

.007

.03
25.67

30.76
.36

3362.81

F-ratio

100.22%*
7.53%%

.. 31

15.100%*
1.00

.67

-

.10

54.29%%
.54

.47

.36

.00001
.01

.096

.0001
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APPENDIX C

TABLE 10

109

Summary:of Analysis of Variance of Reaction Times for D Judgments

with All Differences Present and for D Judgments with the One Most

Salient Difference Present

Sources of Pvariation Sum of
Squares daf
Between Subjects - 92.01 239
Age 39.74 2
Number of Possible Differences 4.00 3
Age X Number of Possible :
Differences .39 6
Subiect Within Groups 47.88 228
Within Subjects 1200
Format , .08 1
Age X Format L0192
Format X Number of Possible
Differences .024 3
Number of Possible Differences
X Format X Age . 007 6
Format X Subject Within Groups 2.51 228
Days .63 2
Age X Days .017 4
Number of Possible Differences
X Days .020 6
Age X Number of Possible Differences
X Days 047 12
Days X Subject Within Groups 2.92 456
Format X Days 077 2
Age X Format X Days 101.77 4
Format X Number of Possible .
Differences X Days 190.27 6
Age X Format X Number of Possible
Differences X Days 4.42 12

Format X Days X Subject Within
Groups 1681463.52 456

x* p o« .0L

Mean
Squares

19.87
1.33

.06
.21

.08
.0l

.01

.001
.011
.31

.004

.003

.0039

L0064

.04
25.44

31.71
.37

3687.42

F-ratio

94, 63%=
6.35%x

..309

7.27%%
.86

.73
.11

48.93%%
.66

.00001
.0069

.0086

.0001



APPENDIX D
TABLE 11

Summary of Analysis of Variance of Reaction Times for D Judgments

with All Differences Present and for D Judgments with Difference

Present

Sources of Variation Sum of
Squares df
Between Subjects 96.780 239
Age 42.99 2
Number of Pessible .
Differences 4,21 3
Age X Number of Possible Differences .40 6
M
Subject Within Groups 49.18 228
Within Subjects 1200
Format .09 1
Age X Format .018 2
Format X Number of Possible
Differences .018 3
Number of Possible Differences
X Format X Age .006 6
Format X Subject Within Groups 2.52 228
Days . .71 2
Age X Days .016 4
Number of Possible Differences
X Days .02 6
Age X Number of Possible Differences
X Days .03 12
Days X Subject Within Groups 3.06 456
Format X Days .06 2
Age X Format X Days 103.57 4
Format X Number of Possible
Differences X Days 187.49 6
Age X Format X Number of Possible
Differences X Days 4,57 12
Format X Days X Subject Within
Groups 1672496.89 456

*% p o, 01

Mean
Square

21.50

1.40
.07
.22

.09
.0l

.01

.00L
.011
.36

004

.003

.0025

.0067

.03
25.89

31.25

.38

3667.76

F-ratio

97.73%*%

6. 36%%
.32

8.18%*
.91

.91

.09

53.73%*
.60

.45

.37

.00001
.01

.gooL
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