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d ' ABSTRACT

- *
v
N

Tﬂ; duration of the icon has been reported to change with age;

»

however, there is disagreement over the direction of ghe change, with

different technigues yielding different results. On the one hand, the

'
' *

, duration of the icon has been found to increase with age in studies using

the partial-report procedure (Gummerman, Ersoff, Leitner, & Chastain, 1975;

I

Morrison, Holmes, & Haith, 1974; Sheingold, 1973). On the other hand,

in studies using the two~flash threshold it has been concluded that the

- »

duration of the icon décreases with’age (Pollack, Ptashne, & Carter, 1968,

19693 Thor, 1970; Thor & Thor, 1970). Two experiments were performed in

r} v} ®
an attempt te resolve the contradictory results.

s

In a partial-report experiment, i1t was found that the accuracy of
5-year-olds, 9-year-olds, and aduylts did no} differ at delays ofﬁ?he
. «

poststimulus cue ué to 300 msec, provided that the performance of the

‘
~

three groups was equated at 0 msec delay. '

. In the second experiment, a direct measure of icon duration required

subjects to repdrt whether a dist of light had coméletely disappeared

prior to the appearance of a second, identical stimuluys. Again, there was
i P2

no difference in the performance of the three age groups. ‘

It was concluded that there is no convincing evidence of an age-

related change in the duration of the icon.
1
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‘ . INTRODUGTION '

- ¥
’

In recent years it has been suggested that the duration of iconic

storage changes with‘aée. This sfhdy is an examination of such .
»

developmental changes. Discussion of the research which stimulated the

« i
¥ ¢ t

- preseng investigation will be preceded by a brief revi# of the concept

. L

of iconac storage. .

*

Iconic Storage

The term jiconic storage denotes the image, or icon, which persists
X ) Tr °
after the termination of visual stimulation (Neisser, 1967). In the

a

© v

‘. experimental literature, this term has been used interchangeably with

sensory register (Atkinson &“Shiffrih, 1968), shorti—term visual storage

(Haber, 1969), visual information storage (Sperling, 1963), Qfeperceptual

LY -

memory {(Melton, 1963y, etc. In order to be consisqént with current

usage, the single term iconicrstorage will be used here.

The classic study*of icxﬁic storage was carried out by George

i

Sgerlini (1960) . Sperling was interested in determining how much .
informa®™on could be reported from a briefly-presented array of letters.

o s

« . When subjects were asked to report as many letters as possible from the

’ o

-

o - -
whole array, the mean number of leffers reported, or the immediate-memory * W

- Ly

-

span, was only 4.3 letters from a N2-letter array. Sperling reasoned
E .

that some of the information.in the array may have been forgotten during

the report of cihey portions, of the array. To get around this potential

v é%nfounding, Sperling devised a partial-report procedure in which only a
{ .
sub-span portion of the array was to be reported on each trial. t

t

»
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Immediately after the presentation of the array, one of three tonmes

. «

. indicated to the subject which row of the array was to be reportad. In
’ »r

v e

this way Sperling was able to estimate how'much of the total array would
s . . . . ! .
havé heen available for report had forgetting not intervened. Sperling

L
.'  found that approximately nine letters were available for report from an

-
LY

array of 12 letters. This value was double the estimate of the immediate-
9 Q'
w L
memory span, suggesting that much more information is available than °
subjects can report. Recause the cue was presented after the stimulus

~
-

arra§'had been exposed, Sperling concluded that the information was -
available from a persistind\pemory.trace of the stimulus, i.e., ;he icon.

. In order to determine how long the icon lasts, Spérling pfesented the

.
-~

cue up to 1 sec after stimulus offset. 4s the delay of the cue was
« 1
increased, the number of letters correctly reported fell rapidly, from

>

about nine it‘no delay to approximately 4.5 letters at 1 sec delay.
P ® i

e : "
Because the number of letters reported,at this delay, is approximately the

a
.

same as the immediate-memory spah, Sperling concluded tHat the icon decays
completely within 1 sec after stimulus presentation. Despite procedural
differences, Sperling's basic findings have been reported in many subsequent

studies (see Dick, 1974 for a review of the 1iterature_qn iconlc storage).

, Developmental ‘Changes in Iconic Storaéé

-

ri - N
Recently, researchers have becore interested inggevelopmental changes

n

in the duration of the icon. Two quite different procedures have been
used with contradictory results. With increasing delays of the post-

stimulus cue, the accuracy of partial report has been found to decline

more rapidly in 5~ and 6-~year—eld children than in older children and

.
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adults qummermanL Ersoff, Leitner, & Chastain, 19753 Morrisun, Holmes,

‘ o+

{ & Haith, 1974; Sheingold, 1973). From these results, it has been

concluded, that the icon decays more rapidly in Sryegf-olds than in older
. ED Y 3 y .

N K

children and adults. . R . .
] * - *
. " - 0 -
* While the results of partial-repo¥rt studies sugpest an age—-related
’ ”‘\\_\l_// @ o

JAncrease in the duration of the icon, studies of the two~-flash threshold

(TFT) have arrived at the opposite coneclusion, i.e., that the duration of

¢ +

L d s
the icon décreases with age. ¥n this paradigm, two pulses of 1ight:¢ are

-

*

* pre‘ien’ted at the same locus in the viswval field. The TFT is the shortest .

{ .- » s
interval between the Lwo pulses at which they can be discriminated as two

1 ¥

flashes. It is reasoned that two discrete flashes can be perceived only °

o S } N - "‘

if the icon of the first stimulus has decayed completely before the second
stimulus is presented. The TFT was £ound to decrease monotonically from

about 100 msec in 6-year-old children to about 65 msec'in l7-year-old

A

a

s';ubjectsa(Polla'ck, Ptashne, & Carter, 1968, 1969; Thor, 19703 Thoo & Thor,

”v1970) . “

The contradictory, results of the partial—report'and TFT studies raise
the following question: are these two proce;dures measuring the same
L} ) 3
. process? Other procedures have been used to measure the duration of the

icon. »An examination of these procedures will help to ansyer the question. '

o */
A
. - . v
o - . L™
.y ‘ . ¢ - . -
3 4 - - > 7 .
1 .

. Measuvres of the'Duration of the Icon .

-

In studies with adult subjects, two general classes of procedures
I ! rl

s
have been-used to measure the duration of the icon: those which have ¢
I M 4

7 ,
bee# considered "direct" and those which have been considered "indirect."

25

4 . - . 'ﬂ
In the direct measures, the subject’s task is to report the phenomenal

’

g -

- -
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duration of the icon. The subject indicates, in onegsof a variety of

procedures, when the stimulus can ne longer be detected. Then the actual

stimulus duration, (and in some cases, the response latency) is subfracte

2 »

. }
from the phenomenal duration. The remaihing interval is the measure of -

«

the, duration of the icon.

4 ‘ \ .

In the indirect heasures, the subject is not'reqﬁired to estimate the
g

o

Y
*

. x .
duration of the icon} rathet, the task involves report of some or all of

the contents pf the icon. Therefore, the duration of the icon is inferred

. ¢ »

from task-related performance.

* e -

s .

Direct Measures , ‘Q
. . dq
’ A number of direct measures of icon duration have been developed e

independently. All purport to ‘measure the same phenomendn; however, there

is a great deal of variabjlity in the results of different measures and.

even among studies using the same measure.

- o v
. “«

Threshold of continuity. Haber and Standing (1969) devised ome of

the first direct measures of the phenomenal duration of the icon. In -

< -

this procedure, a stimulus and a blank field are repeatedly alternated, and

2

the duration of the blank Fi€ld 1s varied until the stimulu$ appears to

be "just phenomenali& continuous in time." At suprathreshold intervals,
A *

it is assumed that the icon of the stlmu}us’has completely fadéd'before

the appeé&ance of the subsequent stimulus. In a number of studies, the

threshold of contipuity has been found to vary between 100 and 350 msec

(Haber & Standing, 1969; Meyer, Lawson, & Cohen, 1975; Standing, Haber,

Cataldo, & Sales, 19@9). The stimuli and results of all of the studies

3

.

using direct measures are summarized in Table 1.

° -
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Using a different procedure to measufe the threshold of continuity,
y N oL
Haber has obtained values between 320 and 340 msec (Haber & Nathdnson,

1968, Haber & Staﬂding,‘1969). A.vertical o1lit is moved back and. forth
?

across dh outlined stimulus and the rate of oscillation is varied until

¢

the stimulus abbears to be "both whole and continuous," When the slit is
roved slowly, the complete percept of the stimulus disappears betwaén'g -

sweeps. When the subject reports thit the stimulus appears continuous
in time, it is assumed that the icon of the preﬁiog%ly—exposed parts of
” .

the stimulus has not decayed, and that it appears phenomenally simultaneous -

with the currently-exposed poitions of the stimalus. -

.

A third measure of apparent stimulus continuity is the TFT procedure

described earlier. The magnitude of the TFT in adults (40 to 75 msec,

e.g.,nFarley, 1969; Kietzman, 1967) is considerably lower than the -100 to
w5

» ’ L
350 thsec estimates obtained ‘with esther of the above procedures uged to™

measure the thteshold of continuity (see Table 1).*. As in the case of
l ~ ? 3 A .
those two procedures, it is agsumed that the icon of theﬁiirst stimulus

’

. - -
has pot decayed completely before the second stimulus is p}esented,

&
résulting in the perception of a single flash of light. However, it is

possible that the icon has not completely deca§é5 even when subjects

N It

s * +
report seeing two flashes. The detection of two flashes may be based on

.

the detection of a decrement in apparent brightness between the two

-

stimuli (Kietzman & Sutton, 1968; Vaughan, 1966). The dower Qalues "

obtained with this procedure may simply reflect the relatively short
L] .
interval after the offset of the first stimulus until the decrement in

0
«

brightness is perceived, and mot the time at which the icon hasg completely

v

Y
N

decayed.

L4
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Calibration of séimuf3§“dutakiun. A second type of direct measure of

‘\(.‘ «
icon duration requires subjects to indicate the apparent onset of a

stimulus and, on separate trials,.its apparent offset. Because there are

two versions of this procedure whidh have yielded quite different values,\

they will be considered separately. .
- ¢

In the first procedure, a brief ,click is édjusted to coi#cide with

- 4 -

o

the apparent onset of a' stimulus and, on separvate trials, with its appaﬁfnt

The interclick inPerval minus the actual stimulus duration is

o

- 4 .
the estimdte of icon duration. Unlike some of the pravicus procedures,

=

offset,

there is more than one value of icon duration. The duration of the icon
’ ﬂ‘ e il
varies inversely with the actual stimulus duration up to 200 msec (Haber
i

a4 ®

& Standingy 1970)., In other words, the estimate, of icon duration Is about
200 msec with very short stimuli and becomes smaller as the -stimulus

- -

4

duration is increased. With stimuli longer than 200 wsec, the esjiimate

x ¢

of poststimulus presistence is’close'to 0 msec, suggesting that the

Y]

iiﬁg “euarantees an effective stimulus duration" of at least 200 msec.

Efron (1970) réportea similar results, except his estimates of 1con duration

-

were approximately 70 msec smaller. Both of these estimates of icon
A

duration are shorter than.some of the ‘estimates obtained with the threﬁbﬁld

- . @

[

*
of continuity procedure. . -

In the second procedure, the suﬁjebt is required to release a

k]

telegraph key as soon a& the stimulus is perceived and, on separate trials,

when it 1s no longer perceived. The duration of the icon is determined
by subtracting the mean reaction time to stimulus onset from the reaction
time to stimulus offset. The d1ffe£ence is about 70 msec (Brigpgs &
Kinsbourne, 1972;dErw;n, 19763 Erwin & Hershenson, 19745, a Value that'is

considerably .smaller than any of the preceding measures other than the TFT.

-

) \

K}

©
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Briggs and Kinsbourne also reported that the duratiord of the icon is

%nversely related to stimplus duration up to about 400 msec, ‘beyond which
€ €

»

icon duration. remains asymptotic at less than 30 msec. WNo explanation was

‘

given for the much smaller estimates of icon duration obtained with this

.
a

procedure. .

G
Indirect Measures :

v

4

Partiasl-report studies. The partial-report technique has been the

most frequently-used procedure for studying -iconic storage. The assumption

i

underlying this procedure is that the icon is available to the subject as
lang as 1ts contents can be identified. Averbach and Coriell (1961)
estimated that the duration of the icon is “between 150 and 250 msec. This

value coincides with many of the direct measures of icon duration.

Integration studies. Another indirect measure of jcon duration is the

maximum interval over which information from two successive sfimuli can a
be integrated. TFor example, Eriksen and Collins (1967) presented two

dot patterms at varying interstimulus intervals (1SIs). Individually,

'

neither stimulus’ could be identified; however, when superimposed, a
trigram such as VOH, could be recognized. The accuracy of recognitio

decreased as the ISIT became longer, until asymptote was reached between

-

100 and 300 msbc. Ross and Hogben (1974) used a similar procedure and

>
found that a figure in depth coulgpbe rdentified from a pair of

successively-presented random dot stereograms (Julesz, 1960) up to 72 or 144

msec ISI, depending on the procedure used.

While these values are within the range ®f other measures of icon

duration, it is uwnclear whether the results reflect icon duration alone.
s L]

-
T

(5]

I3
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It is possible that the integration time includes not only.the icon decay
time but also the time required for stimulus integration (see Eriksen &
Collins, 1968). “Perception time for stercopsis" has been estimated as
50 msec (Julesz, 1971), and this interval may be part of the estimate of
icon duration obtaiﬁedoby"Ross»and Hogben. Therefore, this procedure

may overestimate the duration of the icon by the amount of time requixed

for integration or stereopsis.

Conclusion

7
o

The examination of different measures of icon duration was prompted

¢
by the contradictoéy results obtained in the studies using ‘the partial-
report and TFT procedures to measure the duration of the icon in children
and adults. The review of measures used in adult studies suggests tyat
the TFT and reaction-time results might be estimates of a different process
than the remaining direct measures. Also, there was a great deal of
variability among the results of the other direct measures. Therefore,
1t was decided to use more than one measure of icon duration. One direct
and one indirect measure were chosen and it was determined whether the

relationship between chronological age and icon duration is consistent in

the two procedures.

Choice of Measures

Two criteria were used to select measures for examining developmental
changes in the duration of the icom. First of all, any measures with
results that deviated greatly from the majority of adult studies, i.e.,

in the range of 200 to 350 msec, were eliminated from consideration. These



£

’

v

10

4

included the TFT, reaction~time, and stimulus integration procedures.
Secondly, it was necessary to choose pr&cedures which would be appropriate
for use with children. TFovr example, iaber and Standing (1970) reported
that it took 4 hours of training with adults to achieve reliable results
with the calibration of clicks to stimulus onset and offset. It might
take even longer for children to learn to perform the task, because of the
difficulties they might encounter with crosé—modal comparisons (e.g.,
Rudel & Teuber,,1964:; but see Vande Voort, Senf, & Benton, 19?2).

In the case of the indirect measure, the partial-report procedure
was selected., There is an abundancé of research with adults usiné this
procedu;e and a great deal is known about the variables which influence
partial report. In addition, prévious studies (e.g., Sheingold, 1973) have
used this procedure with children as young as 5 years of age. However,
there are some methodologlcal problems with the previgus partial-report ,
studies using children. These problems and mpdifications in the procedure
to eliminate them will be discussed in Experiment 1.

The direct measure was a modificatiom of Haber and Standing's (1969)
threshold of continuity procedure. It was expected that the concept of
apparent continuity of a stimulus might be difficult for children. ’
Therefore, subjegts'were required to indicate whether a stimulus had
completely faded beforeg)a subsequent stimulus was presented. The procedure
encouraged the subjects to adopt a stable crit;rion of icon decay. A '
complete descFiption of the method will be gaven in Experiment 2.

&
. '

?
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EXPERIMENT 1

The partial-report procedise wad, the indirect measure chosen to

determine whether the duration of the ixen changes with age. In previous

developmental studies using this procedure, there were a number of problems
which make it difficult to draw firm conclusions about, the results. In 4

those studies, the ertimulus array was presented for the same duration to
{ - &

-

subjects_of all ages. Two important consequences arise from this ¢
manipulétion. In the first place, the accuracy of partial. report at 0 msec
1ST was close to 100% for the older subjects while that of the 5~year—old
children was up to 25% lower (e.g., Mbrr%son et al., 1974; Sheingold,
1973). Thus the obtained interaction between age and IST is confounded

by a potentiagfceiling effect on the report of the older subjects (see
Belmont & Butterfield, 1969). Even in the absence of a ceiling eifect,
the age~related difference in performance at no delay (e.g., Cummerman et
al., 1975) miéht have influenced the rate of decline in accuracy of report
over delays (see Keppel, 1965; Underwood, 1964). In the present study, «
the duration of the stimulus array was adjusted in practice seésions
wuntil a criterion of 757 correcf report was achieved at 0 mseec ISI. It

was anticipated that this criterion would be sufficiently below ceiling

to allow any potential interaction between age and ISI to appear.

' . '

Performance of individual subjects has been equated in this manner in
previous partial-report studies with adults (e.g., Friksen & Rohrbaugh,
1970; Eriksen & Steffy, 1964; Haber, 1968; Spencer; 1969).

A further deficiency in previous partiallrep rt studies has been the
use of a small number of practice sessions. Forlexample, Sheingold (1973)

o
gave her subjects extensive practice only at the beginning of the first



- ‘ v ’ i2
session. Only a single practice sessign was included in ‘the research
A
desigﬁs of Gummérgan et al. (1975) hnd Morrisom et al. (1974). 1t is
possiblé thatﬁthe performance of young children differed fron that of
older subjegts in those studies becoause ghildren might take longer than
adults to %earn how to perform the task. 1In the ﬁresent study, a great !

' «

deal of practlice was given to subjects of all ages before the Lest:phase
was b!ﬁﬁn. The test trials were given only afté;'subjects had achieved
‘the criterion level of performance.

A third problem with most of the previous pdrtia%uréport studies wit%
chiidreﬁ is the small number of trials given at each delay of the post—
stimulus cue. For example, Sheingold (1973).ran only 15 trials per delay,
which may have resulted in the unsystematic pattern of differences‘émong
age groups over delays.l In the present study, over three times as many
trials were given at each delay, compared to the studies of Sheingold
(1973) and Morrison et al. (1974). '

Another source of confounding in previous partial-report studies is
the order of presentation of ISIs. Boih Sheingold (1973) and:Mbrrison
et al., (1974) used an ascending series of IS8Ty in each Fessioﬁ. JIE the
longest I8Is are always presented at the end of a session, as in those
studies, any decrements in performance over increasing ISIs may, in part,
be due to increased fatigue, especirally in the youngest subjects. By the
same token, the presentation of the smallest ISIs at the beginniné of

every session confounds warmup effect wath I8Is. Sheingold did find a

1In Sheingold (1973) the 5-year-olds were significantly less
accurate than adults at some delays (0, 100, 250, and 1000 msec) but not
at others (50, 150, 200, and 500 msec).

'
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e



ey «

significant order effect and a significant interaction'between order apmd * :
{

ISI. In the present study, the effects of warmup and fatigue were

dastributed acrbses ISls by cgunterbalancingkthe order of presentation of

A

A

18Is within and between sessions in a Latin Square design.
]

a

v
[l

Method ) T

Subjects . '

+

Four males and four females served as subjects in each of three age

Y

groups: adults, 9-year-olds, and 5-year-olds. The mean ages of the
kY ' [

three groups were: 23.1 years, 9.l1:years, and 5.8 years, respectively. q
. e \

The adults were unpaid volunteers, solicited from summer school classes

at Adelphi University, Garden City, N. &.; the 9-year—olds had recently
qxcompléted third grade at 8t. Thomas the Apostle School, in Hempstead, N. Y.3

and the youngest children had compieted k;hdergarten at Cathedral

Nursery School, in Garden City, N. Y. When the latter sample was

exhausted, friends of these children were tested. ' Children with ( -

bebavioural problems, as determined by their teachers, were not tested.

Prior to.the start of the experiment, all subjects were, screened for .

binocular distance acuity of 20/29 or better with a Bausch and Lomb
f

Modified Orthorater: R

Apparatus and Stimulus Materials

A three-field tachistoscope (Scientific Prototype, Model GB) 'was used
for stimulus presentation. In each field, a stimulus card could be viewed
through a circular area 4° in diameter, cut out from a cardboard

-

stimulus holder painted flat black. Each of 24 stimulus cards contained a

"
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circular array of eight black, outlined geometric shapes, arranged
aécording to the rows of three balanded 8 x 8 Latin SAuares (Table 2).
The‘shapes were:/ the numbe;s 1 and 7 (Letraset No. 258); square,
c;;cle, and tglangle (;etrgset No. 2453): dollar sign (Letraset No. 1281);
asterisk (Para-tipe No. 55055); and a cross, constructed of thin black

* 13

lines (see ﬁigure 1 for a sample array). Viewed at a distance of 1.27 m,

. the numbers and shapes were all’13.2' of arc high, the 7 was 6.5 wide,

Py -

the 1 was 1.2' wide, 4nd all of the other stimull were 13.2' wide. The

» - O
outer diametere.of the circular array was 2 , and each array appeared on
T

a vhite 10.2 x 15.2 cm index card, as did each indicator. The indicator

was a black teardrop (Letraset No. 56408), 15' long, situated at the

3

centre of the stimulus field, 35.4' from the inner edge of the stimulus

' a

element. There were eight indicator cards; one for each stimulus

positiqp. ,

In order to keep luminance-summation/contrast-reduction constant
(Eriksen, 1966), on simultaneous presentations the indicator appeared 02
a transparent sheet of plastic which was superimposed on the stimulus

‘
array in Field 1. Each stimulus position and each shape appearegf randomly
as the target stimulus an equal number of times each session.

The luminance of Field 1 was set at 57.97 cd/m?, that of Field 2
was 59.54 cd/m?, and the adaptation field was 54.30 cd/m?, as méasureé
with an SEIL photometer and a blank white card in each field. A tiny black

»

fixation dot, 4' in diameter, appeared in the centre of a circular white
) \ f
adaptation field 4° in diometer.

A 10.2 x 15.2 cm white response card was mounted horizontally on the

tachistoscope, to the right of the viewing hood. The eight stimuli, each
Y " )

L)

s 4T



Table 2

The Stimulus Arrays in Experiment 1

Arrey ¥o. Serial Posit%ona
1 87251463
2 75842316
3 5454738621 v
4 o 43567182
.5 36215278
6 61324857
7 12683745
8 28176534
9 63781245
10 38627514
11 82356471
> 12 25843167
13 54218736
14 41572683
* 15 17465328
, 16 76134852 :
- 17 14657382
18 45136278
" 19 534221867 .
. 20 32584716
' 21 28375641
22 87263154 ¢
23 768124735
24 61748523

o

15

a . . . . . .
Serial positions in clockwise order, with position 1 at 12 o'clock and

®

position 8 at 10:30. Stimulus 1 represents onej 2: square; 3:

4: circle; 5: cross; 6: asterisk; 7: seven; 8: dollar.
*
¥

triangle
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approximately 1.2 square,” weke arranged in two rows of four stimuli.

The response card was kept'clean by covering it with a transparent sheet

-
v

of plastic which was wiped after each subject completed a session. The
order of presentation of ISIs within and between sessions was determined

-

» from eight 4 x 4 Latin Squares (Table 3).

Procedure »
Subjects were individually tested in a quiet, temperature-controlled
M~

t r

laboratory at Ad%lphi Uq%versity. .

Practice sessions. At the begifming of the first practlce séssion,

a stimulus card and transparent indicator card were exposed in Field 1
k|

and the subject was asked to show whach stimulus had been indicated by the

teardrop by pointing at it oh the response card. Additional examples were

v

presented until it was clear that the task was understood, i.e., until
performance was errorless. On each trial, tpe subject was instructed to
"look at the [fixation] dot," and on the gymmand “oo," the experimenter
pressed a hand switch to expose the stimulus array and indicator. The
adaptation field then reapéeared and remained exposed until the next trial.

Subjects were encouraged ﬁé respond on every trial and 'to guess, if

necessary. The stimulus— and indicator-cards were then changed and a new

*oa

trial was initiated. After every 12 trials, the children were given

checkers for correct responses. The checkexrs could be exchanged for a
L3

small toy after each session. A 5-min rest was given after every 24 trials.

@

’

2The visual angle subtended by the stimuli on the response card cannot
be specified because the distance hetween the card and the subjects
probably varied between trials and arong subjects.

“

' . \ .



Balanced Latin Squares used in’Experiment 1; rows represent sessions,

Table 3

columns represent the order of presentation of ISTs, and letters are

¢

1

the I8Is: A=0; B=50; C=150; DX300 msec.

ABCD
BDAC
CADB

DCBA

BDCA
DABC.
ACDB

CBAD

BACD
ADBC
DCAB

CBDA

ADCEBE
CABD
BFCDA

DBAC

L]

-

0

@ °

18
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The following proceduré was used to adjust the stimulus duration to
achieve the criterion level of performgnce. Initially, the stimulus array
and indicator were presented simultaneously for 250 msec. On efzh trial,

if the subject did not correctly report the target stimulus, an additional

correction trial was given. If the response,was still incorrect, the

<

subject‘was informed of the corfect response. The st}mnlus dugégion was
gradually reduced in steps of SG:méeET;f the subject achieved‘?t least
four correct trials in a block of six trials. Otherwise, an additional
biock of six trials was presented at the same stimulus duration. If the
subject's perfonance still did not exceed four correct resgppé%ﬁ%égp of |
six trials, the stimulus duration was incr¥eased by 50 msec on the‘;ext

block of trials. This procedure was followed untgl a stimulus doaration of,

' [
50 msec was reathed. The indicator was then presented for 50 msec at 0

-
'

msec ISIL, i.e., presentations were now successive. For the remalndgr of
the practice sessions, the stimplus duration was reduced only ifj{
performance equalled or exceeded 75Z correct on gach block of 12 Frﬁg}gi -
At stimulus durations below 50 msec, the indicator was presented“f;;;ﬁﬁé'
same duraFfOn as the stimulus array. This procedure was repeated until

the subject achieved 75% correct ih at least two consecutive blocks of 12
triéls. :

The general procedure was modified somewhat for the 5~year-old
children. In a pilot study, the youngest children found the task difficult
when the initial stimulus durations were as short as 250 msec. Therefore,
;t the beginning of the first session, the stimulus array and indicator

were presented simultaneously for 1 sec. The stimulus duration was

reduced in 100-umsec steps only if the child's performance was perfect.

-

e
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Once the child began to make errors, the stimulus duration was decreased

-,

by 50 msec at a ﬁime, provided that the child achieved

correct I'esponses in each block of 12 trials. Otherwise, the stimulus

.

duration was increased by .50-msec steps until performance improved. “As

Pl

.the stimulus duration became shorter, the reductions in duration between

blocks of trials was decreaé;d to 25 msec and, in some cases, to 10 msec,
-~ * .
Q .

depending on the individual‘gubject’s performance. Once the exposure

o

duration could no 1onger(5 ilduged without a concomitant decrease in
accuracy of report, the indicator was presented at 0 msec ISL and the
éxposure duration of the stimulus array was adjusted tooyield 75% correéi
report. At successive presentatioﬁg, the indicator duration was 50 mske

for all stimulus durations above 50 psec, and equal to the stimulus !

. o
duration if it was below 50 mseg. d '

- * Db

AN .

Test sessions. At the befginning of each test session, the stimulus

duration was recalibrated, in the following manner: if performance had

exceeded the a5% criterion at 0 msec ISI in the previous session or in
i e -

12 warmup trials at the beginning of the given session, the stimulus

duration was reduced by 5 msec. Similarly, if performance had fallen
below criterion, the duration was increased by 5 msec. Once determined,
the stimulus duration remained constant for the remainder of the session.

At stimulus durations below 50 msec, the.duratien of the indicator was

-

equal to the stimulus duration. At stimulus durations above 50 msec, the

LS
i

indicator duration was kept constant at 50 msec.
The order of presentation of delays was counterbalanced within and
between sessions in the following manner: four ISIs, 0, 50, 150, and 300

L}
mseé, were presented in blocks of 15 trials. Theffirst Nree trials in

&g

T
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eacli black were warmups, followed by?l2-test trials. The order of .
oL 1

-

presentation of I8Is was determined by one row of a balanced 4 x 4 Latin
JSquare, wﬁth'each IST preceding and fallowipg“every other I8I once, and
» only ‘once, in.each Square. Within each age group, eéch'subject was run
° according to a differeht‘Latin 8quare, with the four rows representing

n

- sessions and the columns representing the order of presentation of ISIs

<

%

¢

within sessions (see Table 3). A todtal of 72 trials (including 24 warmups
/

and 48 test trials) were presentE:—each session, for all age groups, with

the set of stimulus cards randomly presented in three blocks of 24 trials.

BEach indicator position was presented randomly once in each eight-trial -
s

- block. Session§ lasted from 45 to 60 min, with a l-min rest after the

v

£irst and third blocks of ISIs. All subjects received the same randomly-
1 v

determyined oi@er of presentafion of stlimulus arrays and indaicator *

v -

positions each session, with a different order each session. After each

ISI, the children were rewarded with checkers for correct responses.
.

Results
& . .
< The number of correct responses obtained by each subject at each ISIL

» - '

'was_ana%yzed, and thé mean percent correct for all. three age groups is .

- g
shown 1in Figure 2. It is obvious that the matching procedure was
k)

successful 1n equating the performance of the subjects in the three age
groups at 75Z correct at 0 msec ISI. The mean number of practice sessions
to establish criterion was 2.4 sessions for both the adults and g—year—olds,

and 4.4 sessions for the S—year—-o];ds.3 i

a

30ne 5~year-old girl and one 8-year—old girl performed considerably

.

Y\
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The mean stimulus durations to achieve equal perferma&ce at 6 msec
ISI were: 29.3 msec for the adults; 22.8 msec for the 9-year-olds; and
66.9 msec for the 5-year-olds. A one-way analysis of variance revealed.
that these durations were significantly different, F (2, 21} = 17.78,
p < .0L (Table 4). Comparisons among means (see Rodger, 1974) showed that
the stimulus presentation time for the 5-~year-old children was
significantly longer than for the older subjects, whose times were not
significantly different from each other (Table 5). A possible explanation
for the longer stimulus duration required by the 5-year-olds is that their
acuity may be poorer than the older subjects and that they have greater
difficulty reading the stimuli at shorter stimulus durations. However,
analysis of wvariance found no difference in the acuity of the subjects in‘
the three age groups, ¥ (2, 21) = .96, p > .05. .

_The variable of major interest is the rate of decline ig perfofﬁance
over IS8Is. A 3(age) x 2(sex) x 8 (Latin Squares) x 4(ISIs) x e(sessions)
analysis of variance was calculated on the number of correct respomnses at

each ISI (Table 6). The only significant effect was ISI, F (3, 324 =

101.38, p < .01, and it is apparent from Figure 2 that performance

below 75% correct in at least fave practice sessions and were replaced by
other subjects. One 5-year-old boy achieved 83% correct at the end of four
practice sessions and was then given the test sessions, under the assump- -
tion that the daily calibration of stimulus duration would reduce his
performance to criterion. Unfortunately, thas did not occur, and he
achieved 93% correct.performance at 0 msec ISI in the four test sessions,
at a mean stimulus duration of 27 msec. This failure to achieve d&riterion
was probably due to the conservative calibration procedure in which the
stimulus duration was reduced by small steps of 5 to 10 msec; past
experience dictated caution when calibrating the duration, especially for
the youngest subjects. This subject's data were not gncluded in the
results, because he exceeded criterion, and another subject,was._run in his
place. Parenthetically, it may be added that this subject was reading at
third-grade level, despite the fact that he was about to enter grade onej;
he was well above average in intellectual ability.
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Table & "

Analysis of Yarianee of Btinmulus Presentation Timges: o

Source

Age

Error

\

Total

¥ p < .01

21

23

Experiment 1

S5 Ms E
9,859.46 4,929.73 17,78 #
5,823.79 277.32

. 15,940.16 |

Pes



Table 5

%pltiple Comparisons o0f Stirulus Duration:
¥

®

Experipent 1

.

A

Age (years): 5 - 9 23

[
¢ Stimulus Duration -

(msec) : ; 66.9 22.8 29.3

Cdefficiengs

of Comparisons: 0 +1 -1
-2 +1 +1,

\

Comparing Group

1

Comparing Group

i

!
Formula Adapted

q

=

F [.01] (2, 20)

*p < .01

4

9 vs. 23 years:

F (2, 21) = 0.30

5 vs, 9 and Zg\years:

- o

F (2, 21) = 16.05 *

from Rodger (1974):

& = 3 s> with Vi vz_gg

= 4.872

25

¢



Table & .
Analysis of Varliance on the Number of Correct Responses:

&

Experiment 1

Source 4af B8 u £
Between Subjects 23 261.21
Age (A) 2 19.94 . 9.97 ~0.82
Sex (Sx) 1 3.38 3.38 0.28
A x Sx 2 34.92 v 16.46 1.35
Latin Squares 7 68.58 9.80 0.30
Errory 1 136.39 ‘ 12.22 N
Within Subjects 360 1,808.13 ’
IST (I) 3 829,21 276.40 101.38 *
Sessions (Ss) 3 2.15 0.72 0.26
AxI 6 18.18 3.03 1.11
I x Sx 3 3.25 ., 1.08 0.40
AxTIxSx 6 ¢ 16.70 2.78 1.02
A X Ss 6 23.].8 3.86 1.42
Ss x Sx 3 7.15 2.38 0.87
A x S5 x Sx 6 24,99 4.17 ‘1,53
Errorw 324 883.31 2.73 .
Total ' 383 2,069.33 :

*p < .01
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decreased monotonically over IS8Is. Multiple comparisons among means
v
S

revealed that performancé at each IS8T was siponificantly greater than that
@ v N
at the next-highest ISL (Table 7). -0 particular interest is that fact

that the age x ISI Interactiom was not statistically significant ¥ (6, 324)

= 1.11, p > .05 (Table 6), i.e., accursecy does not differentially decline
over ISIs in the three age groups. ‘

' Because the, order of presentation of ISIs within sessions is
{.

confounded in the present design with the ISI x sessions interaction, a
t

separate analysis of varionce was calculated on the within-subjects

partition of variance, substituting order for ISIs. None of the main

effects nor any of the interactions were statistically significant (Table
. .

8). In other words, the Latin Square design effectively counterbalanced

the order of IS8Is within sessions.

Discussion

4

A number of clear results have energed from this experiment. At 0
msec ISI, the 5-year-old children required sig&ificantlj longer stimulus
presentations to achieve the same level of partial-report performance as
the older children and adults. However, once their performance was
equated at that ISI, the youngest subjects were as adept as both older
age groups in extracting information from the dedaying icon, up to 300
msec after stimulus presentation.

Previous developmental studies (Cusnmerman et al., 1975; Morrisom et
al., 19743 Sheingpld, 1973) have found that tﬂ; accuracy of partial

report in S~year-olds declines more rapidly over delays of the poststimulus

cue than in older subjects. Yet, the present study revealed that



Table

Multiple Compazi;isang of

ISI (msec): . {0
X correct: 36.46,
(out of 48)
Coefficients :
of Comparisons: L )
0
0

Comparing 0 vs. 50 msec ISI:

F (3, 324)

Comparing 50 vs. 150 msec ISL:

F (3, 324)

Comparing 150 vs. 300 msec ISI:

F (3, 324)

F {.01] (3, =) = 2.994

*p <§.01

7

is

fl

]

Ls:

762 =

75.32 %

42.88 *

150

27.0%

28

Experiment ‘1

N

9

300
21.63



Table 8

Analysis 0% Variance on the Waithin Subjects Conmponents of

\
J

Variance, Substituting Order for ISI: Experiment 1

Source ag 88 MS F
Within Subjects 360 1,808.13

Order (0) 3 26.81 8.94 1.70
Sessions (Ss) .3 2.15 0.72 0.14
Age (A) x O 6 11.33 1.89 0.36
0 x Sex (Sx) 3 4.98 1.66 0.31
Ax0xSx 6 ., 0.60 1.10 0.02
A % Sx 6 23.18 3.86 0.73
Sx x Sx ) 3 7.15 2.38 0.45
A x 8% x Sx 6 24.99 4,17 0.79
Errory 324 1,706.94° 5.27

29
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S~year—-olds are as accurate as older subjects up to 300 msec ISI. The
discrepancy in results may be due to a number of improvements }n thé !
methodology of the present gtudy. Increasing the number of practice
sessions and equating the performance of subjects of all three age groups

at a sub-ceiling level at 0 msec ISI avoided thé‘hrtifactual interaction
F
between age and ISIs which probably occurred in the earlier studies. A

further advantage of equating the performance ofvall subjects a 0 msec
ISI was the elimination of the influence of any age-related differences

in the time to detect the cue and read out the stimulus (see Gummerman

-

1
et al., 1975). In addition, confounding of warmup and fatigue effects with
~
ISIs was aveided in the present study by carefully counterbalancing the

order of presentation of ISIs within sessions. Anotheyr improvement in the
present study was,.the large increase in the number of trials (48) at each

ISL, making the present results less susceptible to chance variation than

4

previous partial~-report studies (e.g., Sheingold, 1973).

It is tempting to conclude that the icon decays at the same rate for
! i
subjects from 5 years of age to college students; however, such a conclusion

is premature. It might be argued that the additional 35 to 45 msec

/

req&ired by the youngest subjects to achieve equal performance with older
subjects may have increased the duration of the icon. However, previous

research with adults suggests that the icon becomes shorter waith longer

3

stimulus durations (Briggs & Kinsbourne, 1972; Efron, 1970; Haber &

Standing, I970). In any case, before concluding that there is no, age-

-

related chhnge in icon duration It is important to obtain converging

evidence from another paradigm. ///
%
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EXPERLMENT 2

A second study was designed Lo determine the duration of the icon in
subjects of differgnt ages using ; direct measure. The threghold of
coutinuity procedure of Haber and Standing (1969) was medified, because
it was expected that it might be difficult for children to judge whether
an intermittent stdmulus is "both whole and continuous." Indeed, it would
be difficult to explain and demonstrate the concept of continuity.
Therefore, a small disc of light was presented on a black background
and;waftér a delay of darkness, was followed by a second identical disc
of light. It was reasoned that the dark interval would not be detected
when the ISI was shorter than the durat¥mn of the icon of the first
stimulus. p

The threshold was the interval at which the subject reported "black"
59% of the time. ‘In order to help subjects adopt a stable criterion of
"blackness," the instructions encouraged them to match the level of
brightness of the dark interval with the black adaptation field, This
strategy was useful In discouraging subjects from reporting-"black" when

LY
the apparent brightness of the first stimulus just decreased discriminably,

la; is thought to occur in studies of TFT (e.g., Kietzman & Sutton, 1968).
The threshold was measured'at two stimulus durations, 70 and 25 msec,
which correspond to the mean stimulus durations of the 5-year—olds and
older subjects in Experiment 1.

Several changes were made in the procedures of previous direct

measures of the development of icon duration (e.g., the TFT studies). In

<
previous studies, the Method of Limits was uysed to determine the threshold.

-
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The use of the Method of Limits in developmental research has ﬁeen
criticized (see Gerjuoy & Winters, 1969; Wohlwill, 1960). Instead, the
Method of Constant Stimuli was used to present the ISIs réﬁdcmly. In the
previous studies, little or no practice was given before the test trials
were conducted. In the present study, two practice sessions preceded the

@

test sessions., 1In the practice sessions, the subjects were able to
learn the task, and a range of five ISLs was selected for each |

subject indiviéually. A third change in the present study was a
considerable increase in the number of trials. In previous TFT studies
(e.g., Pollack et ali, 1968, 19693 Thor, 1970) no more than five
ascending and descending trials were used. In thé present study a total
of 40 trials were given at each ISI.

°

Method

Subjects

v

The subjects were unpaid volunteers from undergraduate classes at
Dalhousie University, from grade three at Le Marchant and Sir Charles
Tupper Schools, all in Halifax, ﬁ. S., and from the primary (kindergarten)
class at Le M;rchang School.. TIn each age group there were three males
and one female. The mean ages were: '21.4 years for the adulis; 8.9 years
for the third-graders; and 5.8 years for the primary students. Children
with behavioural problems, as determined by their schoo%tprincipals, were

not tested. All subjects were screened for binocular distance acuity of

20/29 or better, with a Bausch and Lomb Modified Orthorater.

S~ '
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i

Apparatus )

A Scientific Protot?pe {(Model GB) three-field tachistoscope was
used for stimulus presentation. In addition, the sequence of stimulus
presentations was controlled by means of BRS solid-state logic intexfaced
with the tachistoscope. IS8Is were quickly and quietly varied from trial
to trial by adjusting a potentiometer, which set éhe desgired intervalnon
a solid~state timer, and the calibrahg% intervals were disp1;§ed on a
digital read;out. The tachistoscope was triggered by the experimenter
when he pressed a hand-held button, which activated d%iicroswltch. .

The stimulus was a circle of light in the centre of a flat black
sheet of metal which was backlighted in Field 1 of thé tachistqscoPE. The
light passed through a circular opening 22' in diaﬁgier, andr*a blank
white index card was placed on the opposite side of the light source. The
luminance of the stimulus was 34.3 Qd/mz, as measured with an SEL photo-
meter. In the centre of the flat black fixation field, four tiny holes
2' 4" in diameter, were situated at the cof;ers of an imaginary square,
44" to the side. The adaptation field was backlighted, with a f£lat black
field behind the lights. The luminance of the fixation points was .86

cd/m? and was identical to the ambient level of illuminatzon in the

testing room.

)

Procedure B
Subjects were individually tgsted in a dumly-1lit room. At the
beginning of each session, the subject was allowed to become accustomed
to the illumination for 5 min. In the first session, the children were

told that they were going to play a game. The subject was d‘ked to look

into the tachistoscope at the fixation field and to report what he saw.
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Then he was asked to report the colour in the mi%ﬁ&E\?f the four, dots,

t.e., black, The stimulus field, an illuminated circle on a black

background, was then turned on and the colour in the middle of the dots

was again requested, i.e., white. This procedure was repeated several ‘
©

 times, until it was clear that the subject was attending to the middle

\

of the fixation field and counld ﬁprrectly adentify its colour. At that

point, the circle was presented twice, for 26 or 70 msec (counterbalanced -

[

across subjects) with an ISI of 500 msec, and the subject was asked how

~ -~

X!

many circles he saw. Then he was asked to look again and to report whether

a [
it was black or white in the middle of the four dots "after the first

. Y. 4 . .
circle and before the second circle." This procedure was repeated Q.

several times until it was clear that the instructions were understood.

The ISL was then set at 100 msé; and the same question was asked. If the ,
subject reported "black," he was told that it was black after both circles
appeared, but wd®d white (or at least not blgck) after the first circle
and beforelthe second cirecle. It was emphasized that the subject was to
report "black" only if the middle of the field was "dark black,” like the 7
fixation field. This inséruction was intended to bias subjects against
reporting "black™ unless they were certain. If it was white, whitish, or
grey, i.e., any colour other t%:n dark black, the appropriate response was )fpr

» ‘yhite." The subject was then given several practice trials at relatively

«

4In pilot study, the 5-year—old subjects found the task difficult when gi
they were asked to report the colour "between the two circles." This

winstruction was misinterpreted as spatially in tfe middle of the circles,

i.e., in the middle of the fization dots, and thercfore white, when the two

stimuli came on. -
]

sIn the pilot study, subjects were asked to respond "yes" or "mo" if
"

the area was seen as black ‘or "nonblack,"” respectively. However, it was
uviclear what the youngest subjects were respondaing "yes" to. By requiring

’

>
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high and’low I81s presented at randon, until performance was perfect.
There were twp practice sessions of 100 trials each.7 The two

v

- stimulus durations, 25 and 70 msec, correspond to the mean stimulus

Pi)

o

’

durations at which the older subjects and the 5-year-olds achieved
criterion performaﬁZé in the partial-report study. The stimulus durations
were counterbalanced over sessions and subjeécts.®

' In the practice sessions, a range of ISis was selected, such that at
the lowest value, the subjecF could always respond "white" and at the
highest ISI, "black.”" To locate the end-points of the range, a mod.nfied.Q
convergence method was used: "on each block of 9 to 15 trials, there was
one high; middle, and low ISI, e.g., 500, 350, and 100 msec, respectively,
presented in three—trial blocks. A; long as the subject reliably
rasponded "black" for the high ISI and "white"” for the low ISI, these
vilues were decreased and increased, respectively, by 2§7t0 50 msec.* For

o

one~half of ‘the subjects, the middle ISI was increased on the second

black of trials by 25 to 50 msec. On the third block, it was decreased

v

3 them to name the colours explicitly, they would be reminded exactly what
they were required to do. While saying "white" to nonblack stimuli might
_not be ideal, it was expected that 'nonmblack” would be incomprehensible
for the youngest children. One 5-year-old otcasionally reported: "It was
really grey, but you told me to call tHat 'white,'" suggesting that he
understood the instructions.,

a

6Two 5-year-old subjects and one 8-year-old subject did nét understand
the instructions. Of these, two subjects responded "black" and "white"
approximately equdlly at all ISIs; they were dropped from the study after
three practice sessions, and the third subject was replaced after the first
session, s )

Q

7The qply’ziceptions were the following: “two 5~year-olds were tired
after 75 trials of Session 1, and testing ceased for that session. Also,
one 5-year—old required a third practice session for stable performance.

’
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s

from its 1nitial duration. On subsequent blocks, the middle IS8T was

alternately increased or decreased from its duration two blocks before.

. .
For the remaining subjects, the proeedure was identvical, except the changes

o

in the duration of the @lddle IS8T were in the opposite directLon. This
procedure served to prevent response bias and to converge on the final
range of ISIs relatively quickly. Feedback was occasiénally given on the
hiéh and low ISIs, to maintain motivation in the children.

By the end of the practice sessions, five ISIs wera chosen for each
of the two stimulus durations, and only those values were ufed in the test
sessions. The highest ISI was slightly longer than the interval at which
the subject began to report "black" less than 100% of the time, and the
1owést ISI was slightly shorter than the interval at which the frequency
of "black" responses began to exceed 0%. The intermediate three ISIs
were equally spaced within that range. .

o

There wbré{four test sessions’of 100 trials each, with a 5-nin rest
after each 25—tri$l block. Within ;acﬁ block, the ISIs were randgmly
presenped in blocki’of five trials. Over the four sessions, there were'
40 trials per ISI, at each stimulus duration. The two.stimulus durations
were counterbalanced with® and between sessions, and across subjects.
There were four different sequences of trials, and the four subjects in

2

each of the three age groups were tested with a unique sequence. No

Y

feedback wds given in any of the test trials. At the end of each session,

the children were given a small prize for good behaviour.

|

Results

]
o L]

The percentage of "black" responses was calculated for each ISI over

,
4
B
iﬁ‘ )
- s
A
P

L.,
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the four test sessions, separately for cach subject and at each stimulus
duration. The percentages were tra;sformad into probitss (see Flnney,
1971) and the Method of Least Squares was used to fit a straight line to
the distribution of probits over ISIsg {see Figure 3). )

There was a great deal of variability among the thresholds of the
three age groups at each stimulus duration (see Table 9). The;variability
may be due to individual differences in the selection of a criteriom of
"blackness." . Nevertheless, the threshold of each subject appeared to be
fairly stable in the test sessions.

A 3(age) x 2(§timn1us duration) analysis of variance was calculated
on the thresholds and it was found that the estimate of icon duration was
signaficantly longer for the 25-msec stimulu$ than for the 70-msec
stimulus, F (1, 9) = 24.67, p < .01 (Table 10). The mean thresholds were
305.1 and 262.1 msec, respectively. Neither the main effect of age nor

the interaction between age and stimulus duration were found to be

statistically significant.

\
»

The vriter is indebted to Dr. M. Regan for suggesting this analysis.
With the problt analysis, not only ‘the ISI above and below the 50% point
are used to interpolate the threshold interval; up to five ISIs may be
used (there are no tabled probits for 0% and 100%). Therefore, this
measure is more precise than that based on the two percentages about 50%.
Probit analysis transforms the ogive obtained with the Method of Constant
Stimuli into a stralght line, with the* threshold corresponding to the
probit of 5.0 on the regression line. In order to ensure that the pattern
of results was not different with probits and percentages, the statistical
analysis was repeated with the percentages, and the conclusions were
identical.

gThe coefficient of determination (E?} was greater than .90 for 22
of the 24 regression lines, with a mean value of .95. In other words, the
lines provided an excellent fit to the data. .

Q
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Table 9
Summary of Individual Subjects\' Thresholds at Each St‘imulus
Duration: Experinent 2

Fy q EN

A < , ’
Age (years) Subj ect 25 \ 70 ,
5 1 186.88 168.92
2 353.02 319.05
3 229,89 167.24
4 526,72 407.06
X 324,13 265,57
9 i . 270,72 214,11
2 346.46 333530
. 3 196,64 171.50
& 4 303.07 235.90
X 279.22 238.70
21 1 197.41 160.87
2 234.24 212.88
’ 3 290.53 264 .43
4 525,09 490.17

X 311.82 282.09

Grand X 305.06 262.12



Table 10
Analysis of Variance on Probit—Deprived Thresholds:

Experament 2

Between Subjects 11 268,978.27
n Ve

Age (A) 2 7,351.13 3,675.56 0.13 s
ErrorB 9 261,627.14 29,069.568

Within Subjects 12 15,966.90
Stimulus 1 11,118.06 11,118.06 24.67 %
Durations (SD)
Ax SD , 2 791.97  395.99 0.88
ErrorW 9 4,056.86 450.76

Total 23 284,945.17

i 1

*p < 0L

-
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Discussion
L 4

There was no differénce in threshold among the three age sroups, at

either stimulus duration. However, the 25-msec stimulus appeared to

1
persist for a longex period after stimulus offset than the 70~msec

stimulus. The inverse relationship between apparent and actual stimulus
durations is consistent with the results of other direct measures of icon
duration (Briggs & Kinsbourne, 19723 Efrom, 1970: Haber & Standing, 1970).

In studies of two~pulse temporal discrinmination, it has been found
R4

that the data are more systematic across experiments when described as a
function of the interval between stimulus omsets, i.e., stimulus onset

asynchrony (SOA), rather than the interval between stimulus offsets, i.e.,

L

ISI (Boynton, 1972). »Therefore, the threshold ISI of each subject was

transformed into SOA, by adding the stimulus duration to the ISI. The mean

"

S0As for the 25~ and 70-msec stimuli were 330.1 and 332.1 msec,
respectively (see Figure 4). A 3{age) z 2(stimulus duration) analysis of
variance revealed that neither of the main effects nor their interaction

was statistically significant. It appears that the phenorenal stimulus |
i
duration is approximately 330 mseg from stimulus onset, independent of the
actual stimulus duration, for subjects of all three age groups.
The magnitude of the thresholds obtained in the present study is
quite similar to many of the direct measures of icon duration (see Table 1).
N

In particular, the present estimates of icon duration are considerably
v

larger than the TFT, for all age groups.

Qs
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Figure 4. Mean phenomenal stimulus duration as a function of actual
stimulus duration. White bars represent threshold ISI; striped bars are the

stimulus duration; total height of the bars is the sum of stimulus duration

- v

and ISI, i.e., SOA. Experiment 2.
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: GENERAL DISCUSSION

In contrast to the earlier develonmental studies of TFT and partial

report, in the present study neither the direct measure nor the indirect

- measure suggest any age-related change in the duration of the icon. The
failure to reject a null hypothesis is often considered uninformative &
»
because of the possibility that fact;rs such as sampling error may'ﬁave
pj&yented a "true difference” from emerging. In the present research,
considerable care was taken to control for extraneous variables and much
more data was obtained than in the previously-cited developmenfal studies.
Furthermore, the facé that identical results occurred in both experiments,
. each using a different measdré, provides converging evidence for the view
that the duration of the icon does not change over the range of ages

’

tested.

Nevertheless, a paradox arises when the results of the two studies
are compared. In the partial-report study, the 5-year-olds required a
stimulus duration of about 70 msec in order to achieve criterion, while
older children and adults only required stimulus exposures of about 25
msec. The finding that young children require a longer stimulus duration

{

for egﬁél pérformance with older subjects is not limited to the partial-
report p;%adigm. For example, this result has been reported in studies of
Qstim;}us jdentification (e.g., Blake, 1974; Haith, Morrison, & Sheingold,
1970; Munsinger, 1965) and of detection of the orientation of a form
(e.g., Ghent, 1960; Ghent & Bernstein, 1961; Schaller & Dziadosz, 1976).
In the second study, the duration of the icon was shorter with the 70-msec

. stimulus than with the 25-msec stimulus, for subjects of all three age

groups. If it is assumed that the duration of the icon inm the partial-report
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study ﬁas inversely rekated to stimulus duration, then it would appear that
tﬂe S5-year~olds achieved criteridn with a ghorter icon. An explanation of
the effects of longer stimmlus durations in the partial-report and other
tasks might involve some aspect of processing other than the durxation of
the icon. . ’

One developmental difference in information processing is that younger
children require more complete 3id clearer information for stimilus
identification. For example, a stimulus must be more sharply ﬂpcu§ed
(Potter, 19663 Mackworth & Bruner, 1970) and more redundant (Westcott &
Tolchin, 1968; Wohlwill, 1960) for younger childrea than older subjects.

In addition, younger children-are less accurate than older children in
identifying incomplete line drawings or photographs (Goldstein & Mackeqberg,
19663 Gollin, 1965; Spitz & Borland, 1971). “

The young child’s need for both a longer and clearer stimulus to
achieve performance equal to that of adnlts may be related in the following
wmanner. In adults ratings of stimulus clarity, defined as the sharpness
or blackness of the\contours, have been found to increase with stimulus
duration (Dick, 1974; Haber & S€:nding, 19683 Welnéranb & McNulty, 1973).
If it is assumed that stimulus clarity also improves with stimulus
duration in children, then the apparent paradox in the partial-report study
may be resolved. Only at the longer duration would the stimulus have been
suffi¢iently clear for the young children to reach criterion.

An alternative explanation for the effect of the longer stimulus
duration in the partial-report study is ;dggested by developmental studies
of visual backward masking. In young children a masking stimulus

interferes with recognition of a previously-presented test stimulus

4]

L}



45
for a longer interval after the test stirulus than it does in older
children and adults (Ligs & Haith, 1970; Pollack, 19653 Spitz & Thor,

- [l

1968; Welsandt, Zupnick, & Mever, 1973). On the basis of this finding it
has been suggested that the rate of information processing is slower in
voung childron (e.g., %pitz & Thor, 1968).10 In the present’partial-report
study, it is possible that the 5-year-olds required a longer period of
time than the older subjects to process the information in the stimulus
array. Once the additional processing time was provided, the accuracy of
partial report in the 5-year-olds declined at the same rate over IS8Is as in
older subjects. o i

One pr?blem‘with the second explanation is that the term “processing”
is too vague. Dzes processing refer tg the formation of the icon, retrieval
of information from the icon, ér perhazs encoding from the icon into more
permanent storage? A challenge forx futuye research in information
processing is to devise operational defipitions and converging operations

v

for the different hypothesized, stages of processing from iconic storage.

Averbach & Coriell (196lfqﬁid attempt to separate two components of

retrieval or readout from the icon: selective readout, which is directed

%y the cue, and nonselective readout, which is independent of the cue.

1OIn all of those masking studies, the stimulus duration was identical
for all age groups. There appeared to be a ceiling effect on the
performance of the older subjects or, in some cases, of all age groups, in
the no-mask condition. The critidfle that a confounding of the age by delay
of mask Interaction exists in the partial-report studies applies to these
studies as well. In one study (Blake, 1974), there was no difference in®
masking between 4-year-olds and older subjects. Blake presented the
stimulus for 30 msec to the 4~year—olds and for 15 msec to the 8-year-olds
and adults; however, performance was virtually correct in all three age
groups at the longest delay (250 msec) suggesting that a ceiling effect
was not eliminated. Until a masking study is conducted at subceiling
levels, the hypothesized age-related changes in the rate of information
processing cannot be considered conclusive,
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Other researchers have ignored the distinction, possibly because the

measures were derived in a complex manner.

Implications of the Present Research

>

In the present research, it has been concluded that the duration of
the icon does not change over the age range/from about 5 to 23 years. ¥t «
would be interesting Lo determine whether this result can be generalized
to younger age groups as well. Unfortunately, many problems might be.
encountered in attempts to use the present direct and indirect procedures
with children under 5 years of age, including possible difficulties in
explaining the instructions and maintaining their motivation and
attention long enough to obtain sufficient data. A tentative solution teo

Py

this problem might be to adopt psychophysiological procedures such as
visual evoked potentials, which ha;e been correlated with the phenomenon
of visual masking in adults (e.g., Donchiﬁ & Lindsley, 19653 Schiller &
Chorover, 1966). Such a technique might be applied successfully both to
very young chaldren and also to other subjéct populatioqs, such as
mentally égtarded children.

There have been some attempts to compare partial-report performance
in retarded and nonretarded subjects (e.g., Libkuian & Friedrich, 1972;
Pennington & Luszecz, 1975); however, many of the criticisms of the
methodology ;f the previously-cited developmental studies using the
partial-report procedure apply to these studies as well. The present
research has demomstrated that the design and procedure of such research

4

must be improved in order to provide interpretable results.
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It has been suggested‘(e.g., Stanley & Hall, 1973) that the duration
of the icon and reading abiliiy might be.related. However, their
relationship has been inconsistent when different measures of icon
duration have been used. On the one hand, Staéiey and Hall (1973) have
giaimﬁd that the icon lasts longer in dyslexics than in normal readérs,
using a stimulus integration procedure (Eriksen & Collins, 1967). On the
other hand, Stamley and Molloy (1975) have reported that there was no
difference in icon duration between dyslexics and normal readers when
they used éw;ﬂreshold of continuity procedure (Hégér & Standing, 1969).

- It was suggested in the Introduction that stimulus integration studies
might not be measuring the duration of the icon per se. Future research
'using the procedures of the present study might resolve the discrepancy )
between Fesults. If the duration of the icon is found to be the same
in dyslexics(and normal readers, reredial procedures might be directed
toward other stages of information processing, such as short-term storage.

Young children perform more poorly than older subjects éﬁen they
are required to report more than one item from a multi-item array. This
result has been obtained in studies of whole report (Haith, Morrison,
Sheingold, & Mindes, 1970), partial-report (Dick & Loader, 1974), and
visual backward masking (Blake, 1974). Given the results of the present
research, this developmental trend is probably not due to an age-related
change in the duration of the icon. Rather, an explanation might be ¢
sought at other stages of Information processing. For example, Dick
(1974) has suggested that "the single-item cueing procedure reflects

o

aspects of iconic memory but...multiple—~item cueing reflects short-term

-

memory” (p. 583) in the partial-report procedure. Since it has been -
.

-

At o« papes Fe
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* L
shown that the capacity of short-term storage increases with age (e.g.,

Huttenlocher & Burke, 1976; Jablonskuy, 1974), one would cxpect younger

o

children to have greater difficulty in reporting more than one item on

- ” ¢

each trial. For this reason, in the present partial-~report experiment

- -
only a single item was cued on every trial. ' ®

. S

o \

*
Current .Status of Tconic Storage

!

Since Sperling's (1960) seminal research, the concept of iconic

storage has been widely accepted as one of the earliest stages of

2

information processing (e.g., Atkinson & Shiffrin, 1968; Haber, {973;
Neisser, 1967). A variety of different techuniques have since been ,
devised to measure the duration of the icon and, as was pointed out
earlier, the results of the different measures have not always been

consistent, One problem for future ressarch in Information processing
*
15 to provide a clear definition of the icon along with unambiguous

procedures to measure its characteristacs.

.
/

Recently, several critiques of iconic storage 2§ve appeared in the

experimental literature. Holding (e.g., 1975) has questioned the very
existence of iconit storage. He has atterpted to demonstrate that the

superiority of partial-réport over whole report can be explained by other

means, such as guessing strategies and output interference. An account

@ ¥

of Holding's arguments are béyond the scope of the present discussion.

-

Suffice it to say that a number of investigators have presented convincing

]
counterargunents (e.g., Coltheart, 1975; Colthesrt, Lea, & Thompson, 1974;

Dick, 1971, 1974; von Wraight, 1972). It does ot appear that the concept

5/
of the icon has been laid to rest.

i
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Sakitt (1975, 1976) has recently argued that the locus of iconic

storage 1s in the rods of the retina.11 If the icon is a basic sensory

phegomenon as Sakitt bas suggested, then ghe present finding of no age-
F o ° j . *
. related changes in the duration of the icon lis perhaps less surprising :

than if the icon were a "higher-ordexr" cognitive phenomenon which might. °
)

be expected to develop wiﬁylage.q Puture research will deﬁgrmineyif\u

\ 4 s

Sakitt's hypothesis is correct. .

o 1
A}

2 Conclusions ¢ ¥

t ~

o A+ ¢ L)
9 S
The present research has demonstrated that the duration of the icon
- ¢ = 3 w b

- s

@
does not change with age.- Although previous pevéinpmentalvstuﬂiéé‘ﬁ%ye

suggested such a change,. the methodology of those studies is subject to

I3 3
° - - - ' ;B € br
numerovs criticisms, . ‘ ‘
a
e Y

The parhdox between the present

-

v a A A
« » k4
experiments has notvbeen resolved.
v [
<

The results of the sgcond study suggest that the duratign of the “icon s

s . : S

identical for all three age groups; however, the icon was shorter at @ﬁe
b -
longer stimulus duration. In the partial-report study, the stimulus

3

wégration was longex for the 5-year-olds, suggestifig that the icon Ay

te, ° o

have been shorter, even though they achieved equal partial-teport )

*
’ .
.

* performance. Future research may resolve ‘this paradox. '

. .
. ' . 4
It was suggested that the improved procedures of the present research
be used to examine iconic storgge in children under 5 years of age, in
) .

; o
llHowever, there are other datd‘suggestln% that processing of iconic
storage is central rather than periphegal. TFor example, the estimates of
icon duration obtained with direct measures®are identical for monocular
and dichoptic presentations (e.g., Briggs & KinsWourne, 1972; Haber &
Standing, 1969). a .

™ . o
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o6

mentally retarded children, and in dyslexics. Finally, future research

-

might be directed toward other sources of developmental differences, such

3
!

. as short-term storage.
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