»

»

” : : " DOCUMENT RESUAE

Ep 205 253 TH 810 691

" AUTHOR Kee, Daniel W. ‘
TITLE Developmental and Aging Differences in visual

] s////’:7f\ Inforsation Procesgsing. . E ' co

" SPONS AGENCY California State Univ., Fullertom. : .
PUB DATE Apr 81 ) ) . |
WOTE : 16p.; Paper presented at the Annual Meeting of the ;

American Bducational Research Association (65th, Los ;
‘ng‘l‘.' Cl. lptil 13'17' 198’1’.' ’ ':

EDKS PRICE NPO1/PCO1 Plus Postage. A 2

DESCRIPTORS *Age Differences; *Cognitive Processes; Eiementary .
Secondary Bducatica; Higher Educatioa: *Indavidual - -
Development: Individual pifferences; *visual
Perception; visual Stisuli ‘

ABSTRACT ‘ S , .
In a visual recognitior masking experiment, a target .
stinulus to be identified is either preceded or foilowed by a second
stinulus called a masking stisulus. The experilengs described here .
provide. estinmates of b developsenta] anfl xgingf®differeaces in )
vistal backvard masking undegx conditions which maxiamize interfereance
in the central visual systes. The results indicate that when no-mask .
recogaition gerforsance is at 100 percent, significant Age X Stiamulus |
Onset Asynchronies interactions can be detected. Hovever, the absence

of this type of interaction vhén no-mask recognition perforaance is . ;
adjusted to the 70 pércert level suggests that these interactions are |
~caused by factors.other than xate of processing fferences. .

. (Ruthor/BW) i - -

-

ﬁ- ‘ e . )

.

a.ﬁ' . .
/ e ' :

"“Q‘Q“t“““f“3“““"“”“““““'“‘tp“t“tt“““‘“"‘t‘#“‘
. Reproductions supplied by EDRS are the best that can be made. »
L fros the original document. *

“““““““”‘*".‘ RRRLRRLEBRE AN RR LIRS LHERELERE SRR S0 00 2L ERREE SR

> . . - N 7




ED209253

California, April 13-17, 1981,

7

»
‘ U.S. DEPARTMENT OF EDUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)

' ETh- document has besn reprodyced as
¢ ,  fecewed from the person or organization
ongenating it.
. : ' . () Minor chenges have been made to snprove
e , . N A . reproduction quaity
® Pomts of view g opwwons stated m this docu-
4 . ment do not necessarily represent officisl NIE
. : . t posston or pokcy
Develqpiental and Aging Différences
’ " in Visual Information Processing!- L
— - - _ - ) . - ' "; .
I Daniél W. Kee .
} California State University, Fullerton ,

“PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

- . . o TO THE EDUCATIONAL RESOURCES '

. . ~ INFORMATION CENTER (ERIC)."

-

A paper presented at aLyiviiion E Synposiun'tiiiéd ~"The Experi-
mental Analysis .of Memory Developﬁent: Current Perspectives.,”

American Educational Research Association Meeting, Los {ngeles,

N @

’

L,




.
\ s
. ] * » ‘ . L}

Developmental and Ahing Differences in

-

.Visual Information Processing
N -t - Dantiel H. Kee
) =
California State University. Fullerton -
g

[ 4

Information processins models of memory suggest that
stimulus information is processed in djiscrete stages (see Mas-
" o ) .

saro, 1975). An early processing stage is the sensory register.

For visual inforuajion this register has also been referred to as

< iconic nemory. Stimulus information in the sensory register: is

posited to be‘iiteral copies 6f the external physical stihuli and

this information cah\pe held in this stage for .about 250 msec be-

-
fore fsdins or being read out into the next stage like shori term

/e F

aemory.
There has been considerable interest ,L the possibility that
developmental differences exist in the 5235 at which“informction
is processed from the sensory register f}ee Hoving,  Spencer,
Rossg' and Schulte, 1978; Ross anc wand. f978). One method which
has éeen used to study this problem is ,visual recognition mask-
(ins. In a. Iisuci‘ recognition ‘masking experiment ;'tsrget
stilulus to-be identified is presented for a brief exposure by a
tschistoscope. Thid target stimulus is either preceded or fol-
'lowed by a second stfnulus-%alled'a masking, stimulus. If the

tsnéet ‘and mask 'occur within close temporal proxiuity of each

other. target recognition is typically poorer than when no mqsk

Y

is presented or wnen the tinme intervsl_between target and mask—is

very long. This ihpciriknt.qf target recognition 1is known- ss\\ .

visual recognition masking.
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y Two different sources of masking effects have been 1denti- |
©  fied (see Turvey, 1973): For example, when the target and mask
, . )
are presented simultaneously, or separated b; short stimulus on=

——

set asynchronies (1.e., SOAs), masking occurs primarily because

v

. the target and mask'eneraies are summed in the peripheral visua}

- system and thereby ‘present the c¢entral visual systfm with a oo ?
targef-nask montage. When the mask precedes the-target in .for-
ward -maskins.‘ this type of luminance sumaation. a8lso known as

\ - il.periphera'l haskihs. is generallx_ths1dered to be the only source

—— .

of visual'pasklng effect. .o

Alternatively, when the target precedes the mask in backward

*
masking. 1lpafrnent of target recognition at 30As above 30 msec

[
are usually attributed to a different source, That <1s, 1t is ar-

gued that the- after- coming mask serves to 1ntqﬁ{ere with and
perhaps terninates the ongoing processing of the target. This

- '

\*k; type of interference occurs in the centralnrather than the peri-

[y

pheral visual system. Thus, if it 1s assumed‘ that an after- '

coming mask terminates the processing of the target, then the
.~

rate at which target recognition 1nccea3es with SOA can provide
' -

direct information about the rate of visual information Srocess-

ing. ’ . °

L4

Our recent review of the developmental . literature suggests

that adults and older children (aboul age eleven) show more rapid

recognition 1nprovement over -SOAs than ydyng ch&ldren (about * age

. ~ /?"

five) in backward nasking. Whether this finding from previous

7

studies can bde 1nterpreteduto 1qd1cate developmental differences

in the rate of visual information propéssing, however, is un-

- A

. [ »
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¢ ' clear. -, : .
N .

. ] .’5 proelem 18 ;hat'the backwgged ﬁasking proceliures used 1in
~M’inanyu of.w&he rele;ant studies were not~designed to maximize in-
C . terference in the central visual system. Furthernmore, the energy <:;
. - af .the masking stimulus excepded that of the targeﬂ stimulus in

some of the studies. Under this condition, differences in bhack- d

»
ward masking _can reflect interference in the peripherﬁl and/or

- centrgi visual systems gaee=Turvey. 1973). 1In the bac;Lard mask-

»

\ ~— e !
ing experiments we have conducted, precautions wére taken to

directly implicate interference in the central visual system «and

to minimize peripheral visual system interference in Packuarq
masking at SOAs greater that 30 msec. This was accomp{Cshed by

using . a 1:1 target to mask energy ratio and a mask which shared
/ 1d;nt1ca1 visual features with the target. ° Fprthe}nore. esti-

. ¢ 4
mates of rofhgtd masking were obtained in order to facilitate

. . . l
ddentification of the locus of backward masking effects. Specif-

»

.

Vel
ically, it was anticipated that backward masking effects observed

at SOAs longer fhan those at uhlch;subjects escaped from forward ’
‘naskin; would reflect interference primarflyyin the central visu~ A
al iyeteh. i > '
" Anether ;roblem‘uith estimates of the rate of visual infor-
‘

mation prooeseing obtained in previous developmental studies/;p

/

that they ley’hqve been contaminated. For example, the use A

multi-item targets, verbal stimuli, and/or a verbal reiponee in '

° v

previous studies may hawe allowed other developmentai%y sensitive

‘ processes to be involved in successful task perrofmance. These

‘proceseea include 'selective attention, strategic encoding, verbal
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encoding and verbal response decoding. Suvsta::>al evidence in-
dicates that older children and adults are more skilled in the

production and appLica?&on of these forenamed pro%es es than

young children, Précedunes in our experiments were designed to
minimize the implication of 'these bracesses by using a single
o . .

'nonverbal target item in conjuhction with a nonverbal response

method. , ’ : N NL

Our first experiment was cohpucted with participants from

"

grades kindergarten, ’ ghird. sixth, and college. Each observer
. . N—

was presented with an arrowhead target for 10 msec in a tachisto-

-

scobe. The arrawhead target could point in one of four difoent.
directions, up-down-left-right, resulting in four different ir-
gets. Subjects were required to gtve evidence of targee re:;Zni-

tion by pointed in the same direction as the arrowhead -target.

These targets were either preceded (i.e., forward masking) or

" followed (i.e., ®Sckward masking) 9y a masking stimulus which

loeked like a star with four points. This mask was construeted
from the four arrouheads and positioned sg that it o‘erlapped ex-
'ectly each of tergets. The mask’wds also presented for a 10 msec
dura {fn.,'The‘lumbﬁegce of both the t:rgft and mask }1e1ds was
6. 'ft-lanbeits. ’ ¢ '

gykforuard neskfns. the mask preceded the target at SOAs of

.

40 or 70 msec, while in backward masking the.target preceded the

- mask by -SOAs of 10, 40, 70, 100, 130, 160, 190, 220, 250, 280, or:

310 msec. At each SOA subjects received each of the four tergete
tﬁioe. resulting in 8 trials .at each SOA: Order of forward mesk-'

ing versus beokuerd nasking trxals was counterbalanced over sub-

~ ‘ P .
s

N , , . co0




'Jects.2

! - The upper.paﬁbl of figur% 1 presents th; percentaget'of
- t o \

correct responses as a YTinction of SOA for each grade level.

) . { .
) 1 - -

Insert Figure 1 about here ~

[ T

Negative and positive SOAS reéer to forward- and backward masking
" condittons, respectivel}. The high levels of target recognition
achieved in foru%rd masking by the -40 SOA indicates that Back-
ward masking at SOAs greater than 40 msec will be caused prigarl-

Iy by mechanisms other than peripheral luminance summation, In-

spection of recognition performance in backward maskins/at SOAs. -

greater than 40 msec reveals a systematic improvement in recogni-
. ;;bn perfornunce over SOAs, Furthernore a Grade Level X SOAgin-

"’teraction is clearly evident such that older subjects ragover

E 4
from backuard masking nuch mori/ apidly than younger subjects.

The Grade Level X SOA iv&eraction in backuard masking ob-

served in our first experiy}gt 1s consistent with previous exper-
imental work (see Ross and Ward, 1978). .Furthermore, _this in-

teraction was obtained under task conditions designed to maximize

’

central masking and with a single nonverbal target and nonverbal

response. Results 1like theSe have been used to argue for age

differences in-visual information processing. However, cautfon

should be exercised in aécepting such an interpretation béqause
of the ceiling effect .which 1is ©learly evident- in subjects®

recognition performanoe depicted in the upper panel of figure 1

’

That 13.,all subjects were able to identify targets perfectly 1in

-~ -
¢

Ui
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the dbsence of a mask, so that the masking functions all reach

- v

asynptofe at 100%. With recognition performance at a 100$'asymp-
tote, there is no guarantee thdat the Grade Level X SOA interac-
tion could not have been produced by other factors such as ‘the
qgality of stimulus reception at the different grade le;els.
With this in mind we conducted a second experiment in which ;ub-
Jects no-nhsk recognition per}ormance levels were adjusted to a

703"t 80% level. This was accomplished by varying the size of

the tsarget and 1its corresponding mask. That is, pase& on a

’

series of preexperimental trials, a target size yas identified
for each su?Jgét'which was associated with about a 75% level of
reéognition perforpancg. Other procedures could have been used -
to adjust no-mask recognitio; performance lévels. For example,

changes in t;rget intensity or duration have Qeen used- in previ-

ous experiments. However, variation in target and mask';hergies'

.

can éffect the degree of luminance summation in backward masking
and it would have been undersirable to produce masking for quali-

tatively different reasons in the different grade levels, By
varying targe£ size in our experiment, nb-mask'recognitibn per-

»

" formanceé was manipulated while holding constant the nature of the

experimental task and the target a mhsk energies. Thus, f£f the

age effects observed in the first experiment were caused by pro-

rd

cessing rate differences, a similar Grade Level X SOA interaction
¢ <+

should emerge in our second experiment.
' . 4

~ .

[ ]

The results of the second experiment are presented - in the
lower panel of figﬁre 1. Inspection of the backward masking
l L4

results (i.e., the positive SOAs) at SOAs greater than 40 msec

LR =

J § :
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indicata that recogni%ion performance improves over SQA.\\A Sys-—

’ -

tematic grade difference in target recognition improyement as‘.a |

. . [l g

’ function of" SOA (i.e., a Grade Level X SOA interactien), like
i LN

‘that observed in the first experiment, was not fo:nq* TMs find- ‘g

: p 2

»o

ing sugéests ;that factors . other ‘than rate o rocessing are

responsible for the Grade X SOA inferaction observed in our‘flr;t

+

’

éxperiment, ) ' U : ' -

L)

Wé have recently extended our énalysis of v13bal masking to
g

1
~
. include a comparison between college‘age subjects and the elderly %
R . ' ’ . . 1

(age range 60 to_73)." Generally speaking the procedures used 1in }

) |
|

our developmenta\:uoik were also applied,in the aging study. An  °
3 L
important exception, howevér, is that complete forward and “back-

-

A d

ward la%kﬁng functions were obtained for all aubjeéfs. -?ur;har-

/ . ,
loge.;foruard and backward masking trials were randomly intdr-

mixed as opposed to the-blocked presentation used in the develop-’

dental studies. The following SOAs were sampled in both forward.v
X . L

and backward masking: 40, 70, 100, 130, 160, 210, 260, aad 310

msec. The upper panel of tigqre 2 shows the results fronm the - .

\ " first aging study. ) N

Insert Figure 2 about here ' o,
, . A ) . &

‘ €
-
o

-

In this study, no-mask target reéog

nition was ‘at ‘fgoz correct.

-

Our statistical analysis of  backward masking - treated each

-
aubJo?t's forward naskiné point as a,coyafiatb fhhthe analysis of °

4.
variance,, This ‘allows us to statistically remove from the back- -

ward masking results effects that may be due to lumifiance summa-
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tion (i.e., peripheral-.-masking). The results in backward masking

&q ' +-, (L.e., the positive SOAs) reveal a highly. significant Population
N . _ P Y

$ ., 'X_SOA- interaction indicating that college age subjects escaped

- \+ _from the interference of backward masking earlier than the elder-

-

.|+ , Yy subjects.’ This outcome is,conSistent with previous repprts of

g . '.;ging'd erences (e.g., Walsh, 1976) and is similar to our find- ”
°t . ings from_ the fifst,&evelopmental study when recognition perfor-__
~ mance wa;-at a 1008 asymptote,
Y

A secﬁnd aging .study was conducted using iddntical experi- -
mental procedures to the//jrst except that subject's no-mask per-

rorqance levels were adjusted to a 70% level prior to the start

- ’of the masking‘triils. No mask recognition performance was ad-

N éjusted for each subject by manipulating the size of the arrowhead

target in' a manner identical to ~the procedures used in our

— ' ‘ »

developmental study. The no-maBk perform;nce levels for the col-

- lege sﬁbjfcts and the elderly subjeéts.'ere 66% and 68%, respec-

v tively. g

. 4

The results for this second aging experiment are presented
. j )
in the lower panel of figure 2. The backward masking performance

in this experiment is distinguished from that observed in the

- . “
v

- . first aging experiment 1nA§haf there is no evidence for a sys-
tematic Population X SOA interaction. 81p113r?to°the statistical
treatment for the first aging experiment, subject's }onward mask-
ing performance was treated as’icovariate in the an‘a‘lysts of
‘baokward masking pfrformancc. ‘

The experiments described provide estimates of both develop-

mental and aging differences /Qn visual backward masking undqr

. . 1()

. ,
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"5 conditions which maximize interference in .the Jgntral visual sys- .
. . . /
, ’ * f
< tem. Furthermore, task conditiohs were arranged to minimize the-

~ possibility ‘that estimates of a}e differences in backward masking‘

would be contaminated by age-related changes in other processes

such-as strategic encoding or decoding. The results fro- the -
studies 1indicate that uhen no-mask recbgnition performance is at -

100%, signﬁficant Age X SOA 1nteractions can be detected. Howev= :)
er.‘the'absence of this type of interaction when no-mask~recogni-
tion berformance is adjusted to the 70% level (1.e., whe% the

ceilfng effect is removed) suggest that thesd® Age X SOA interac- 0

tions are caused; by factors other than rate of processing differ- -
ences, . : . - ' '

It.may be that attentional factors are responsible for the

observed differences. For example, young and elderly subjects
PR S e ! .

may not fixate as consistently on the target locations as college -

age subjects, On the masking trials when the subJect{s'gaze is
‘ A

not directly fixated on the target location, it is 1likely that

the subject's acuity for the target may be diminished relative to
»
- trials when the subJect successfully fixates on'the target. .For

example, subjécts may have to process what would be analogous to

@ ) ’ . s ‘\
a degraded stimulus when thgy deo not fixate successfuiiy{ thereby

impairing target reqognition. Thus, {f children-and elderly'sub-

L]

: ’
v Jects do not fixate on the target location as consistently as °*

L

oollege age subJeqts. corresponding differences.in the.quality of .

- .
stimulus reception probably results. Evidence from our studies

is oconsistent with this view. Receil that in order to adjust

-

4
subJecE‘% no-nask performance levels to a 70% .level, subjects
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were pre-tested with different size targets. In our devel9pmén-

-
°

. " tal sample a negative éorrelaztonowas observed between age and

N target arzé’required‘té adjust performance to a 70% leyeff where

i |

&S in the elderly 3amﬁ1e a positive correlation was ‘observed,

Thus,- it appears that the laﬁger arrowhead targets used by young
e -
' .\
;subje and elderly subjects relative ,to college “age sub jects

. serve to equate the.quality'of stimulus reception in the second .
. ¥ . _ . . .
experiment with each group, (i.e., developmental and aging), ,

thereby resulting in the absence of a significant Age X SOA in-

teractioﬁ. ;Aﬁ evaluation of this attenfional hypothesis and how

other attentional factors may influence backward ﬁasking perfor-

mance in different age gqgup§ are important problems for future

-

research.’ .

.
. : . - .
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Figure 1. $ezeentagei of targets correctly recognized as a function
of grade level and stimulus onset asynchrony.” Negative and positive
. 50As refer to forward and backward masking conditions, respectively.
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