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. In this stndy, developnental changes in duration of
thq ‘icon Wvisual .sensory store) were jnvestigated with three ’
? - converging tachistoscopic tasks. (1) Stimulus interuption’ detection. .
b, AsiD), a variation of the two-flash threshold méthod, was performed-
-7 by 29 first~" and 32 fifth-graders, and 32 undergraduvates. Ic¢on
1 duration was estimated by stisulus interruption that resulted in-75%
¢ * . performance. Results suggest that the icon lasts longer in younger .
" subjects. (2) Letter detection “(LD), anm adaptation of the Estes and
ethiod, estimated ‘effective icon duration as the
nterval betveen the stimulus field and noise mask that
o B2 n. equivalentoto-nnnaaked performance. Data were'collected,
" 'over seven sessicns with' tem 6~ to 11-year~old females. No strong
re)ation between age and iconic duration was appatent. (3) Judgement
of cyclic stimulus disappearance, fashioned after Haber's direct
method consisted of a .letter matrix, alternating with a blank field.
As the blank-field increased in dnration, the LD subjects judged when
the letteps seemed to disappear and when the letters seemed to remain
aon con;& uouely as the blank field duration las;&ocreased. The

s indicate no strong evidence for a change in icop duration

-i ‘age. Metbodclogical issues were examined in confating the i
tesults of tbe three approaches. The age difference in SID can be .
attribdted to factors other than icon duration. The evidence favors
the view tbat icon duration is constant across dage., (Authoxr/HNS)
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j ‘o o Hc have been inVQstisatins the devqlopnen: of vigual percepcion frou ,
L e - an information processing perspective (see also Gummeérman, Ersoff, Leitner,’
R "7. e -& Chastain, 1975) Today we wish to distuss chc onﬁ, the ‘earliest sta
(7‘1 ' in many models'of visual informatiom processing. The icon ‘may’ be consid
O . ered a positive image that is not yet a zed; the pnformatibn avaiIabl‘
- . in 1t closely resembles the optical array. ‘The memorial_aspects of the |
4. . . icomare emphasized by other names like "icomic atoiaﬁe" and "visual o
R =] sensory store.” This type of storage is quitu ‘brief in adults, less th*n
vt a socond in a lighted environment. . b s

!

. =

Out present concern is whether f%o duration of thia storage changei
¢ ' with developmsnt. lf there is an age-related thans e in iconic duration,
there are implications for developmental perccptual methodology as wcl?
as for theories of perceptual Qavelopment. ,! y 1
‘ To examine the relationship between age and ic £E duration, three
- methods qere.used: detection of stimulus intefruption, stimulus disap-
. pearance judgmeént, and letter detection with bac rd masking. By usihs
three different approaches, we hoped to avoid E{ uting effects to
iconic duration that are ia fact due to partic erinental situations.

' %z'rzcnou QF STIMULUS xmnnur'rlbn . v |
L}

This method involves the detection af 1ntet uption in = dtimulus
presentation. The underlying -reasoning is similar to that of the "two+’
flash threshold" or the "dark-interval threshold" (3ee Pollack, Ptaahne,
and Carter, 1969; Thor, 1970; Tho# & Thor, 1970). The participant r
observes a brief stimulus, in our case a solid black c¢ircle, and decides
whether the circle was on continuously (Figure 1, p:pel B) or was briefly
interrupted” (Figure 1, panel A). We used a forced-cgoice psychometric '

procedure to minimize the influence of response bias} On half the cvials.
the stimulus was interrupted by a Blaank illuminated fieéld, and on the |
- other trials it was countinuous. { ; ey I

. . \
’ . 3
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ﬂow doea porformance~ou this task relita to iconic duxa:ion? Consider

bie  ® :he case of stimulus. 1utarruption. We assume the first stimulus presen- -.
./ tation is. followed by an icon (Figure 1, ‘panel C) during the blank interval.

' Vi:,xhiu icon."fills in the gap” so that, with s short incerruption, the inter-

- rupted presentation is difficult to disq¢riminate from the continuous one.
.With very long interruptions (Figure 1, panel D),. the icon ends'before the

second presentation; providins a eituation/eaoily disctiminablerftom the

. non:innoul trials..-

v e,

The dntation'of the 1nterrqption vari ;ffon 0.005. to 0.360 s§c in

: neparute blocks of trials. _The intetval from the onset. of the first

st#uulus presentation to the end of the second (interval X in Figure 1,

" panel A) determined-the duration of the continuous trials in each block.

. Thus the observer could not distinguish the continuous trials from the

interrupted trials simply on the basis of total duration. :Twenty-nine,

gfirat~graders(\32 fifch-graders, and 32 college undergraduates partici~-

‘,pated in this study.. '

The proportion of correct responses was calcﬁlated fot each interval
of interruption, or interstimulus interval. (ISI). ‘Figure 2 11lustrates
the performance of each age group. A logarithmic function was fitted to

.-each subject's data, and the ISI corresponding to performance of 0.75

(halfway between chance and pexféct) was taken ‘as the .measure of relative,
icon duration. . (This procedure did result in a few anomalous scores. An °
outstanding example was the fifth-grader whose iconic duration came to.a:
bit over 259 years. Six such scores were deleted because they were '
greater than.three standard deviations from the group mean, calculated -
using the _score in question. This ‘7% subject loss was fairly evenly dis-
tributed over the age and sex groups,-so it reduced variance to reasonable
levels without altering the pattern of results.)

There was a strong and sisﬁificant age effect, with. young subjects
requiring longer interruptions to perform as well as the older ones.

This outcome apparently indicates that icon duration 1is greater in
younger perceivers, but the age effect does have an alternative interpre~
tation. 'The task requirgs distinguishing between the dwindling ic;n and
the onset of the second stimulus presentation. In the left side of’
Figure 3, the age effect we obtained is illustrated as.the result of
differences in icon duration. Alternatively, as the right half of the
figure shows, the age effect could be due to the perceivers' sensitivity
to differences in icon duration. Alternatively, as the right half of the
figure shows, the age effect could be due to the perceivers' sensitivity

‘to differences in stimulus and icon brightness (labeled d). That is, the

ounger perceivers may require the icon brightness from the first part of
stimulus to diminish considerably before it can be discriminated from
the onset of the second part of the stimulus. In the example of Figure 3
1s C and D), even though the icon is the same duratiom in the twg

the obkained age effect, Consequently, the results of the study, while
consistént with the notion that icon duration decredses with development,
are ambiguous, ' Another approach is needed to justify the-duration inter-

)
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STIHULUS DISAPPBARANCE JUDGHENT .
*.The second method to be diacusaed is judgment of the di‘appeatanca of
‘a‘eyclic) stimulus. It is 4 variation of the "direct" method for measuring
“icon duration (Haber & Standing, 1969, Standins. Haber, Cacaldo, & Sales, .
1-°1969). . The participants (ten females ranging in age from 6 to 1l years)
- viewed .the stimulus, a matrix .of letters,. that lasted for 0.020-sec. . This -
stimulus alternated continuously ‘with a blank’field of variable duration
. (see Figure 4), With a brief blank period, the stimulus appeated to grow
' dimmer and brighter through each cycle, but never quite disappeared -
‘altogether. As the experimenter increased the blank field duration, the
‘observer judged when the stimulus seemed to completely dzsapyeat on each
cycle.: Conyersely, ‘the observer also judged when the -letters appeared to
- remain oh continuously as the blank field duration was decreased from a
‘very long value that produced obvious disappearance.: These ascending and
4 descending scores were averaged to yield a "direct" estimaté of icon
duration.

The Scores shoued no clear relation wich age (r = + 0.28,n.8.).. A
stronger relation was found between the 'age of. the observers.and the. .
vatriability of their scores .(r = -0.45,n.s.), indicating that it was dif-
ficult far the young subjects to follow the instructions, and maintain.a
consistent criterion over the course of the study. This’ mechod then,
does not seem appropriace to use with young ‘children. .

)

y LETTER DETECTION WITH BAGKNARD MASKING
en we view the world wich successive fixations, why does not the

/icon oﬁ each' fixation interfere with/the. subsequent one?  One reason why
‘thesp "snapshots" of -the world dd not' overlap to form a meaningless
‘jumfle is. the phenomenon known as backward masking ("masking" because a

. visual input masks or inhibits the processing of other visual information,
and’ "backward' because the effect appears to operate backward in time).
For telated developmental studies using masking procedures, see Blake
(1974) and Welsandt, Zupmick, and Meyer (1973).

- -To illuscraté‘tﬁe method,. consider Figure 5. Suppose we first
instruct observers to decide whether a "K” or an "F" is presented. We
allow them to view, some letters for a brief period (we used 0.020 sec)
and' follow the letters,with a plain illuminated field. Typically, the
observers. will respond correctly (in this example "K") mqst of the time.

" However, if we introduce a two-second visual "noise" mask immediately’
_after the letters, performance is greatly reduced. Considera;ion of the
icon provides a convenient analysis of this backward masking effect.

In the unmasked situation (Pigure 6, panel A), the perceivers are
ptesumably using iconié storage to help detect the letter. .When the
stimulus. is immediately followed by a mask' (Figure 6, paunel B), the icon
1s no longer accessible to' the observers.  (For the present purpose, we
.need not be concerned with exactly how the mask affects the icon. ‘It may
" interrupt processing of iconic information, or it may actually be inte-
grated with the icom to produce the meaningless jumble we mentiomed
earlier. ‘In either case, the important point #s that the {rdformation in »

.
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" the fcon ceases to be available for further processing wiren the mask is,
.. presented.) We-can estimate the icon's duration by determining the
o lonsut. interval after -the stimulus over which the mask affects perfor-
. mance., At shoxp intervals (Figure 6, panel C); letter detection should '
.~ ". be poorer than at longer imtervals (Figure 6, panel D) since {conic
infomcion 1is mihblo only btiefly vith short intervals.- PR
L _Performance .outhina like Pixurc 7 was anticipated. . At« very brief >
s utmda ¢tveen stimulus and k, very little icon is“available for .
.+ 7 ~the letter detecticn task, so ormance should be poor. -At longer »

N ~ intervals, more of the icon way be used, so performance shoyld improwe. -
‘vAt an interval equivalent to iconic.duration, the highest \level of per-
.. . rformance is reached. Once the interval is as long &s/the icom, &‘ "
it additional i.lpmvineizt‘in.pnrfomnc.:un be realized by further "
e "+ increasing the interval. Therefore, we may take the shortest interval-
" by which perfomncl ‘has peaked as an utintc of effective icon duration. o

3 4 i"’ &

T T Y m:&k& two fundmnui tequixmnta of this buclmud mkins

e - metiod? One is the granting of a simplifying assumptiom,- and the o:her

>~ is a perfomnc. stipulation. % z & @
e - ' = W™
N gl He siy that we arp estimating the effeczivc icon duratiom because it =

L is possible that some\remnants of the decayed icogy are present after per- .
o formance levels off but are not 1nfomuv¢ for the observer's task. As ‘
. . long .as one grants the umptian&chn the minimum useful value doeé not
interact with age, the backward masking method should provide ang index
+. or indirect estimate of relative iconic durauon for pe:ccivou of’
e T different ages. N

2t

K . ‘th., ucond’ requirement is critical to .the logic underlying our™ \
. method of duration estimation. It specifies that the level of each. )

EI uubjoct'n maximum performance must be clearly less than the ask ceiling

. of 100%. Figure 8 illustrates the effect of permitting ceiling per- - .
formance. The upper left shows a relatively short icon with task ceilins .
reached within its duration. On the right is the resulting performance. &
The attainment of maximum performance produces ou’ estimate of the icon's ' . ,

» duration, but in this case maximum performance indicates. ouiy that the
task requirements are cqmpletely met, not that information from the icon
is né longer available. The consequences of 100% performatce becouq
clearer when we compare the tog row of Figute 8 to the bottom, & Here

. icon lasts longer, but onmce again naximum performance level is maimd
. " at an interfal corresponding to Yeaching the task ceiling rather thag .
\,, ' iconic duration. In cpmparing the'two performance turves, we would T ’
A ) mistakenly estimate iconic duration to be equal. It is critical, thm. .
i. to insure that all lubjecn perf.ou at less than e-um 9 .

\..» \ " The same females that participud in, the ucoud cxpc:hent took part -
' in this one. They vere asked on each trial to decld. whether a matrix of
§.. . , letters presented for 0.020 sec contained a "K" or an "F". The experiment
- was conducted over a total of eight sessions.  Based on a practice session, .
“ ww *+ ” .the number of letters in the matrix was adjusted’ so that performance, even
' in an unmasked condition, was less than 1002. Each subject's performance
- wvas plotted. These graphs were given to four raters who independently
judged the shortest masking interval at which maximum performance (equi-
valent to unmasked perforuuca) was reached. These ratings ntcwdm
. . . . X +

-
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bject's age. . Inter-rater correlations were
40.95), reflecting the quality of the w @R

without knowledge of the
excellent (between + 0.88
- masking functions obtained.

7y

.t. 7

The noan estimates of rLl tive icon duration were compared with the
“ perceivers’ ages (Figure 9), and a positive (but uonsignificant) cor=-
. relation of + 0.35 was obtdined) -hinting that perhaps older children u» ,
have longer icons. There were siderable individual differences in 4
~ icon duration in the few participants included in our’ study, and we sug-
. gest that future effgmta along thése lines either 1nc1ude more subjects
ot pursue a short-te lopgitudi attaceg?

14 .

CONCLYSIONS  /

}
] _ .
5 We feel- it is wise fo discount th resulté /from the second study
(stimulus disappearance/judgment) sinde criteqion problems -seem to make s
.it inappropriate-for use with young children./ The results of the first B
study (stimulus ingerr ption) are consjistent /with the notion that icon
“duration decreases wit e, but it iaIvulnréab!e to :ho alternative
5'sensit1v1ty-chanaa interpre ation. f ;
The ‘backward masking task appears to be the most promising (as long
as ceiling performance is avoided). Although we found no significant
telation between age and estimated icon duration, the trend was toward - _
increasing icon duration with development, just the opposite-of the ol
stimulus ﬁnterrupcion detection results and contrary to hypotheses we
have held for some time. At this point it would seem best to draw this™
rather guarded conelusion: . There is no firm evidence that the icon's
~duration changes uith age in any way. o (L k
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