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ABSTRACT

-The rapld growth in forelgn travel and trade 1n the past e
‘twenty years and the resultlng need to convey lmportant‘
:flnformatlon to people in a manner that is lndependent of‘
:thelr language and culture has led to a grow1ng trend toward
‘replac1ng verbal 51gn messages with symbollc ones. Prev1ous;‘
studles have 1nvest1gated whether a verbal or a symbollc :
s1gn is more ea31ly recognlzed under condltlons of good and..
‘poor v1s1b111ty, at hlgh speed and at great dlstances, or, ”f?
‘have attempted to 1dent1fy an accurate and efficient method:y
for ch0081ng a symbollc representatlon that most accurately
'~ .conveys 1ts 1ntended message.' Although 1t is a well | |
'documented flndlng that spatlal abilities declineﬂat-av
’faster rate w1th age “than do verbal abllltles, few studles
~have 1nvest1gated the 1mpact of the change to symbollc 81gns
on the elderly An addltlonal factor that has not been o
glven ‘due- cons1deratlon ‘by 1nvest1gators is how people.
rprocess a symbollc negatlve.v U51ng a. matchlng to standard
'»reactlon t1me (RT) paradlgm, this study examined the ways 1n,
vwhlch younger and older female drlvers process verbal and
symbollc negatlve and afflrmatlve 1nformatlon. Four types -
.of regulatory trafflc signs were used as stlmull..'l),verbal

afflrmatlve,ZZ) verbal,negatlve; 3) symbol;c affirmative; and

coiid



- 4) symbollc negatlve Slgns were v1ewed through a

»tachlstoscope and both comprehen31on RT and matchlng RT

- were measured A measure of mean motor response tlme was

: taken at the beglnnlng of the experlmental se551on and used
as a covarlate 1n all analyses., As expected younger subject s f
response tlmes to all stlmull were faster than older sub]ects' |
‘even when adjusted for motor response tlme. Matchlng RT .
was faster than comprehen51on RT responses to Verbal

stlmull were faster than to symbollc stlmull,'and responses.
to negatlve 51gns were faster than responses to afflrmatlve.
.‘81gns for all subjects.» All subjects found matches ea51est‘
>to make when match and standard were in the same verbal—~

: symbollc dlmen51on n Symbollc matches to a Verbal standard

- were more dlfflcult than verbal matches to a symbollc B
standard for both age groups.‘ More research is needed for o
flndlng the symbollc representatlon that most accurately
conveys the 1ntended message of a trafflc 51gn, An |
flnvestlgatlon of how people plocess symbollc dlrectlonal

'1nformatlon is also needed
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INTRODUCTION

In recent_years there‘has‘been:a:grOWind'trend‘toward‘
repiaciné verbal sign meesages (e.g., gasoline, restroom,
‘telephone) with symbolic ones. Symbolic eigns aré nsuallynj
'"pictographs" which convey the intended message; rFor
example, large orange Signs with "Men Working" nrinted on
them are being replaced w1th signs that show the 51lhouette
of a male figure, presumably shoveling dirt or gravel from a
pile,' |

"The change to;symbolic.messages is'ocourring‘in a wide
variety of contexts including roadway traffic signs; public
information 51gns 1n such places as airports and convention
centers,‘and in the: labeling of gauges and: sw1tches on the
instrument panels of automobiles (Dewar & Ells, 1974;
Halpern, 1984).; Tne,inoreasing use of symboliC‘signs is
occurring in response to the rapid growthfin foreign‘travel
and trade in the past twenty‘years and the resulting need to
convey important. information to people in a manner that is
independent of their language and culture (Caron, Jamieson &
‘Dewar, 1980).

In addition to these factors, there are also safety
considerations,‘particuiarly in the nse of symbolic‘traffic

signs. . It has been suggested that symbolic messages can be



more quickly and easily recognized than verbal messages
under conditions of both good and poor visibility (Ells &
Dewar, 1979), thét they are also more quickly identified at
high speed (Dewar & Ells, 1974) and at greater distances
(ﬁlls & Dewar, 1979). Testin and Dewar (1981) identify a
"better" sign as one that has a greater légibility distance
(i.e., it can be identified from farther‘away) and a smaller
reaction time than another. Based on these criteria, Testin
and Dewar (1981) suggest that warning signs aré better than
regulatory signs and symbolic signs are bettér than verbal
signs. A warning sign is a yellow, diamond-shabed sign
which carries a message such as "Slippery When Wet."
Regulatory signs are white rectangﬁlar signs which carry'such
messages as "No Left Turn." Testin and Dewar'(198l) also
found that legibility distance for regulatory signs does not
differ signifiéantly‘between vérbal and symbolic versions of
the same sign.

There is some concérn about the abstraction of the
intended meaning from symbolic signs and at least one study
(Caron, Jamieson, & Dewar, i980) has beén conducted in an
effort to determine an accurate and efficient method for
choosing a symbolic representation that most accurately
conveys its intended message. Caron et al. (1980) used the
semantic differential paradigm to assess the simiiarity of
meaning of pictographs to their intended verbal message.
Their results indicated that the degree to which a given

2



'symbol andnitSJintended-meesage occnpyfthe same semantici
space 1s 51gn1flcantly correlated w1th 51gn comprehen51on,'
rreactlon time and glance leglblllty.' Glance leglblllty is.
defined as the ease with Wthh a s1gn s meanlng can be
determined when the'81gn is seen for only a br;ef amount ofg'

time.

Elderly‘brivers-”

:‘Although a number of etudies‘have heen‘conducted:to
assessnthe relatiVe’merits of Verbaliand symbOlic.traffic
,eigns;ifewvhave_inveetigated the impact of the'changevto
symbolic traffic signs on the elderly driver. Halpern'(1984)
found that«although elderly'driﬁers responded more: slowly
than did~younger driversvto both Verbal and symbolic traffic
’signs,‘the older drivers responded an average of .2 seconds}b
more quickly to verbal than to symholic traffic signs.nyt is
a well establlshed flndlng that although cognltlve abilities
decllne dn old age, they do not decllne at the same rate.
Verbal abllltles remain hlgh 1nto old age, whereas spatlal
abllltles begln to decline somewhat earlier (Matlin, 1983)
Winograd and Simon (1980),.for;example; haVe found that
memory for’pictures declines faster than memory for words,
so that vieual.imagery may be‘more'diffiCult for the elderly.

In-a 1983 study using‘a mental‘rotation task, Clarkeon—
Smith and Halpern found that older subjects made significantly‘

fewer errors when the picture to be rotated was a¢Companied_



,vby a verbal dlrectlonal label suggestlng that verbal _
,xstrategles can be used by the elderly to offest the age-vr
u‘related decllne in thelr spatlal abllltles.. In a study h

‘ de51gned to assess p0551ble age related dlfferences in’ speed;v
‘of acce351ng semantlc memory from a verbal or a plctorlal
stlmulus, Mergler and Zandl (1983) found support for the p'
Whypothe51s that verbal codlng becomes 1ncrea51ngly domlnant
throughout adulthood Mergler and Zand1 (1983) suggest that_d
verbal stlmull actlvate plctorlal 1mages even before belng
f‘systematlcally processed but plctorlal 1nformatlon cannot be“
labeled (or compared to other 1ncom1ng 1nformatlon) untll 1t
is completely processed.b Mergler and Zandl (1983) suggest
 that verbal 1nformatlon fac1lltates older adults performance,
'partlcularly when speed and accuracy are 1mportant goals

(such as during dr1v1ng)

The major flndlng of a study by Poon and Fozard (1978)
was that the names of plctures that were relatlvely more
famlllar to members of an age cohort were retrleved more’
rapldly and accurately from long term memory by members of
that cohort., Thelr data prov1de dlrect support for the
hypothe51s that the major determlnant of speed of retrleval
‘of 1nformatlon from long term memory is famlllarlty of the
1nformatlon. It 1s therefore arguable that when today s
jyounger drlvers reach old" age they may be more famlllar w1th

‘ symbollc trafflc 51gns than are today s older drivers since

symbollc slgns w1ll have been 1n use for all of thelr dr1v1ng_



years. Anv age—related‘increase in reactionutimevto symbolice
trafficiSignsbmight therefore be expected to diminish or to
»disappear as‘suCCeeding,cohortsbbeCOme more familiar'with
‘symbolic traffic signs;' Schaie and StrOther (1968) suggest
that age changes over time w1th1n the 1nd1v1dual are much
smaller than differences between cohorts.. Findings on ’
longitudinaloage changes suggest further that levels of
:functioning attainedhatimaturity may be retained until,late_
‘in life except where decrement in response strength and
:latency 1nterferes. It is because thls‘study 1S~COncernedi
Jwith the impact of the change to symbolic‘signs‘on‘today's'

older driver that a cross sectional design has been chosen.

Interpreting Negative Information

‘An additional,factor that has not been given.due
consideration by investigators is how the driver processes d
traffic signsvthat contain a negative component. In a verbal
traffic sign the negative,component would be the word»ﬁno
or "not" as in "No Right Turn" or "Not a Through Street. In
a symbolic traffic 51gn the symbol would be c1rcled and |
slashed through,in red. ;It is well_documented that . cognitive
processes handle:positive‘infornation better than negative
informationn(Matlin,il983llh‘Negatives”arehdifficult because
they require an additional complicated_translation (Akiyama,
Brewer,i& Shoben, 1979;‘Clark & Chase, 1972).

Although negatives in signs have not been studied



specifically, negatives'have been used as stimuli‘in other
investigations;‘ The‘results of Ells and Dewar's‘(1979)b
study’indicated.that,warning‘Signs take lessktlme'to |
comprehend than regulatory signs;_ However, 75%vof'the-
»regulatory 51gns sampled contalned a negatlve component,
whereas all warning 51gns sampled were afflrmatlve in nature.
It is poss1ble that the dlfference in reactlon time between
warning and regulatory s1gns;1s an artlfact because most
,gregulatory signs studied are’negatiye. | L |

Mergler and. Zandi (1983), u51ng abmatchlng paradlgm,v“
found that the presence of a negatlon enabled subjects to,-”
process only the negatlon and not the entlre message carrled
by the 31gn.' The matchlng paradlgm allowed subjects‘to
’utlllze a. short cut strategy that ellmlnated the translatlon’
of one mode of process1ng 1nto another. ‘Itvlslnot clear
whether'rn‘Mergler s and Zandl.s (1983) study the choices
'bforra'negative standard'consisted.of tWObnegatiye samples_or
of both avnegatiye‘and an affirmatlve'Sample.

A con31deratlon of the present study 1s an 1nvest1gatlon
7‘of how drlvers process trafflc s1gns contalnlngAa negatlve

component

Reaction Times
By comparlng the results of a’ fleld study under actual
v dr1v1ng condltlons and reactlon tlmes in laboratory studles,

Dewar,,Ells, and Mundy (1976) concluded that reactlon time



1s‘a Valld 1ndex’of the comprehen51on of trafflc‘srgn:v‘
messages.a Two separate reactlon tlmes werermeasured 1n thlsi:wh
study. The flrst reactlon tlme was the tlme requlred for thet
subject to comprehend the message of a v1sually presented
‘verbal or symbollc trafflc s1gn., The second reactlon tlme‘
was the tlme requlred for the subject to determlne whlch of‘j;‘i
~two Vlsually presented trafflc SLgns matched the message of:fi*
" the prev1ously presented referent trafflc 51gn. Because',"
‘Gottsdanker (1982) found a s1gn1f1cant age dlfference for aif
~key- press response,’a measure of each subject s mean 51mplelh"
vreactlon tlme was: taken at the beglnnlng of the experlmentalb
session and thlS mean. reactlon tlme was covarled with each
‘subject S comprehen51on reactlon tlme and matchlng reactlon‘
~time in order'to m;nlmlze dlfferences that»are due”only to
the age differenCe.in»motor response. |
vA?matching tash,‘which‘can be conceived of as a'test of\
recognitionvmemory,«is‘used in this study.. vCompared to
’recall memory,‘recognitionfmemory has been shownnto‘deciine
; less»as people grouvoldef (Perlmutter, 1979-~Schonfieid &
“Robertson, 1966) ' Therefore, an older and a younger person
‘should dlffer on. the reactlon tlme measures only in ‘the
:amountpof,t;me each one takes to abstract 1nformation'fromf‘
the presentedistimuliaand make thelkey—press responsedand;

“not-on some»longfterm‘memory‘compOnent;



Hypotheses

It iS'expected that the'response timesﬂof-older subjects
to all stlmull w1ll be slower than those of younger sub]ects
because of the relatlve complex1ty of the matching task.
>Cerella, Poon,‘and Wllllams (1980) found that more.complex ‘.
1tasks result in. greater performance def1c1ts for the elderly.‘
: Cerella et-al. (1980) saw two- levels of def1c1t in' their
data, a slith slow1ng on_sensorlmotor tasks and a more .
'severe slowing~on tasks inVolwing mental-processing.,1

| ‘Olderisubjects,aredexpected to respond more slowly to-
stbolic signs.than to verbal,signs because of'the~ |
‘differential deCline with age of verbal and spatial abilities
(Halpern,,l984; Matlin, 1983; Winograd & Simon, 1980).

Responses to a symbollc match are expected to be faster

for all subjects when the standard is’ verbal than when the
standard is symbollc, .Thls‘flndlng'would lend support to
Mergler and Zandifs5(1983) suggestion that verbal Stimuli‘
 activaté pictorial images even before being SystematiCally
processed but pictorial‘information cannot be labeled (or
compared to other 1ncom1ng 1nformat10n) until it is |
‘completely processed.

‘ All subjects are. expected to respond more slowly to
negatlve matches palred with negatlve dlstractors than to
negatlve matches palred w1th afflrmatlve dlstractors.hiThed
pairing of a_negatlve_match,and a‘negatlve dlstractor would
.preyeht the‘use ofhthe short—cutYStrategy of processing

v‘8"



only the negative rather than the entire sign message.



METHOD

Subjects‘

- Subjects were women from two age groups. Older subjects
~were women living independently in a retirement community
located in a suburban area of Southefn California. The

older women were between the ages of siity-five and seventy-
five, with a mean age of 72.6 years.“ All Qlder subjects were
‘required to have a current driver's license and to have been ‘
actively driving'for the best two years. The mean‘number oﬁ
years of driving‘experieﬁce for the Qlder women was 49.9
years, with a rahge of forty to sixty?one years.. The older
subjects all reported general good health. All:of’the older
women had attended at least two years of celiege.

The younger subjects were drawn from undergraduate
psycﬁology classes at a small Southern Caiifornia state:
university. The younger women wefe betweenvthe ages of
eighteen and twenty-eight, with abmean age of 22.25>years;
The youﬁger women were also required to have a current
driver's license and to have been aeﬁively driving for the
past two years. The mean humber of Years of driving
experience_for’thebyounger1su5jeCte wase6.35 years; with a
range of nine te thirteen‘years. All of the younger women

had attended at least two Years of college.

10



Apparatus
:Traffic signs,werevviewed through:an Iconix.i408

;taChiStOSCOpe controlled‘by an Apple IIe compUter.- A program*
Hwas wrltten in Applesoft Basic for the computer, which

1allowed it to set up~cond1tlons, measure reactlon tlmes,dand

:record errors andrresponse times; Data were automatically
tvrecorded'on a tape:produced'by a’Cou;hourndR22—10 printout
'counter connected to the computer. ‘Subjectsuwere seatedi‘n‘,fva
front of a table whlch held a three- key response panel
: They were 1nstructed to rest the 1ndex flnger of the‘:
.fdomlnant hand on a ralsed dot that was equldlstant from all
three response keys, which were arranged in a semlclrculary
array around the ralsed dot.‘ Subjects viewed the stlmull .
'through the .eye plece of the tachlstoscope. ,At the beglnning
of the experlmental ses51on,a mean motor‘respOnseitime waS“ |
obtained by'asking subjects_tovpress.a reSponsewkey_as soon
as they‘saw‘a'visually'presentedy"x" for»tenltrials. | |
Presentation:of the,stimulus‘aCtivated'theACouihourne.
.prlntout counter connected to the computer._ Pres31ng any
_Ybutton on the response panel termlnated the presentatlon of
“the stlmulus and 51multaneously stopped the measurement of -
the motor response. Once the motor response measurement was.
completed presentatlon of the trafflc 31gn Stlmull was l
begun.v Presentatlon of the standard actlvated the
mllllsecond tlmer of the Coulbourn R22 -10 prlntout‘counter
- and the timer was stopped by the:subject‘s,presslng’of the =

11



center response key. Pressing either of the outside response 3
respense keysbin respense to the standard was recorded as an
error by the computer and that stimulus pair‘was readministered
at the end of the experlmental session. Pressing the center.
key served as the command to the computer to 51multaneously
terminate the presentation»of the standard and measurement of
the first response'time, and to initiate presentation‘of the
matching‘stimuli and begin measurement of theASecond response
time. The presentatlon of the matchlng stimuli and the
measurement of the second response. tlme was stopped by the
subject s pressing either the.rlght.or the left response key.
Errors were_recorded by the“cemputer'and trials on which
errors occurred were readministered at the end of the
experimental session for a valid‘response time. If an error
was made on the readministration, the data for thatvsubject‘

for that stimulus pair was missing.

Stimuli

The stimuli were colored plctures of 81xteen trafflc
signs taken from the 1984 Unlform Slgn Chart of the State of
California Department of Transportatlon and enlarged for
use With‘the tachistoscope (see Appendix A for'a presentation
of all stimuli). The signs ranged in'size’from 7.5
centimeters high by 7.5 centimeters'wide to 4.5 centimeters
high by 6 centimeters wide,'and,subtended visual angles

ranging from 4,45°‘fér the-largest sign to 3;56° for the

12



'yfor'the smallestusign The trafflc 51gns were d1v1ded lnto

.two.categorles. 1) afflrmatlve regulatory 31gns, and 2) |
‘3'negat1ve regulatory 51gns.i ThlS varlable is’ referred to as-ﬁ
_f;message type. Each message type‘was presented 1n onevof twoflh
nyorms,,elther verbal or symbollc, ThlS varlable 1s referreda

‘_to ‘as 51gn type.a U31ng a matchlng to standard reactlon tlme~
'paradlgm, each slgn was shown elght times. On four of the d'
trlals w1th a glven‘standard the match agreed w1th the
”jstandard on the verbal symbollc dlmen51on and on four of the f;
trlals the match dld not agree w1th ‘the standard on the va:-d
vverbal symbollc dlmen51on d L1kew1se, on four trlals the
dlstractor agreed with the standard on the verbal symbollc
dlmen51on -and on four trlals it dld not In addltlon, on :
half of the trlals w1th each standard the dlstractor agreed
‘with the standard on the negatlve afflrmatlve dlmen51on and‘
on half of the trlals lt dld not. Flgure 1 prov1des an |
example‘for a verbal afflrmatlve standardQ 'Asbcan be seenv
from looking at‘thelfigure, there are two poss1ble correct
matches for each‘standard the verbal version of the 51gn
or the symbollc-ver51on of the 51gn In addltlon, there are"
' four p0551ble dlstraCtors which can. be palred w1th the
correctfmatch: l) a symbollc afflrmatlve 51gn, 2) a‘verbal,'
afflrmatlve srgn, 3) a symbollc negatlve s1gn,‘or 4) a

Verbal negatlve 51gn.lvThere was an equal probablllty of the»
correct match appearlng on the rlght or the left half of the

'v1sual fleld : Slgns were shown in one of four- pre determlned

13
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~random orders so that every 51xth subject in. each age group j?if

' was shown a new order of presentatlon.CV
: Procedure '

Subjects were welcomed and read,prepared 1nstructlons : ‘

',(see Appendlx B) HV1sual aculty was assessed by asklng i

’iSUbJeCtS t0 read”“he 20/30 llne on the Snellen Chart, Whlch o

: ‘lS the standard acceptable to the Callfornla Department of

V.Motor Vehlcles for drlver s llcense appllcants., A‘mean{

‘imotor response t1me was obtalned by asklng subjects to press}f;f'

‘a response key as soon as they saw a v1sually presented "X"

"ftfor ten trlals. Before the measurement of the response

';tlmes to the trafflc 51gns was begun, each subject was shownff.f

each of the sixteen’ 51gn varlatlons.f ThlS was done 1n order;?f‘

,that sub]ects mlght become famlllar w1th the procedure as i[fd
'well as to 1nsure that they were famlllar w1th the verbal .
~iand symbollc palrstt | . o
kd The experlment con31sted of l28 trlals excludlng the?ff
bpractlce run On each trlal the experlmenter prepared the‘
‘7subject by saylng the word "ready" Wthh was followed by theili
presentatlon of a trafflc s1gn 1n the v1sual fleld. Each
sub]ect was 1nstructed to press the center response key asv?d-p?
~fsoon as she understood the message of the presented s1gn. |
':tThe response termlnated the presentatlon of the stlmulus andts

nstopped the measurement of the flrst reactlon tlme.; ‘A new’ri"

'stlmulus show1ng a matchlng and a non—matchlng 51gn was

15



immedietelyvpresented and the measurement of the second
reaction time begun, The subjects were instructed to press
the button on the side of the‘fesponse keyboard that |
corresponded to ﬁhe side of‘the visual field on which the
sign appeared whose message matched the message of the
standard. All subjects were glven a short rest break

between the 81xty—fourth and sixty—fifth stimulus pairs.

16



e mlstakenly press*

‘giffor the younger women wasl 445 seconds, whereas the mean

The error ratrhwas 4 _% for the older subjects and 3

t‘ffor the younger sub]ects and appearedito e‘randomly

'[idlstrlbuted acr035751gns ;The hlgher err rate for the

“f-hav1ng dlfflculty'flndlng the center response key and

g elther the rlght o,‘

'1hcomprehen51on res_onse.: In 1nstances wherewan‘error wasbh
xlamade,'no feedback was glven to the sub]ect and the stlmullbon‘;f;
‘Wthh the error occurred were readmlnlstered at the.end of thef‘x
"}experlmental se551on.a Seven of the older subjects pressed
‘ythe left or the rlght key for the comprehen51on measurementnft;.’
-rdurlng the readmlnlstratlon and therefore had m1551ng :
*response tlmes on those stlmullrl"7>> |

L Mean 51mple reactlon tlme was covarled w1th mean

comprehensron tlmes for older and younger subjects for each

M.fof the thlrty two stlmulus types.— A 51gn1f1cant maln effect f:ih

*for mean 51mpleAreactlon tlme was found (F[l 30] 19 14

,‘P<: 001 MS[err]—.50357) The mean 51mple response tlme

.“Slmple response tlme for the older women was 495 seconds.;"'

"Because mean 51mple reactlon tlme was 51gn1flcantly faste‘

for younger subjects, 1t was used as a covarlate 1n all

: the result of severalsof the older womenﬂfﬁfﬁ[,r’


http:F[1,30]=19.14

subsequent7analysesf$’Tahlefl'presentthheTunadjusted‘meansfd_py
for all stlmulus types and Table 2 presents the adjusted
'means for all stlmulus types.~ RTINS ke |

o The data were next sub]ected to a four way analys15 of;fj?'j”
'varlance 1nvolv1ng the follow1ng varlableS°‘ age group

“(young or old) response type (comprehen51on or match),
1ymessage type (afflrmatlve or negatlve), and 51gn type of thepff
»'standard (verbal or: symbollc) l Agaln, younger subjects were?'”
‘Efaster than older subjects (F[l 31] 65 34 P<: 001 MS[err]—f
44160) v In addltlon, match tlme was faster than comprehensron_g
f tlme (F[l 31] 52. 85. P<: 001 MS[err]—.32226- responses‘to‘;f

'“negatlve standards were faster than responses to afflrmatlve,"

"standards (F[l 31] 10 22 P<: 004 MS[err]—‘01975), and‘

responses to verbal standards were faster than responses L
| to symbollc standards (F[l 31] 24. 52, P<: 001.‘MS[err}=‘_7
.02172) Table 3 presents a summary of these results._:

‘ A 31gn1f1cant 1nteract10n was found between response-f;n"
_:type and message type (F[l 31] 22 49 P<: 001 MS[err]—
.00039). Match tlmes ‘were faster than comprehens1on tlmesi
and responses to‘negatlve standards were faster than responses"
to afflrmatlve standards.d The dlfference 1n response tlmes‘o

to negatlves and afflrmatlves was greater for the matchlng

”{ task than for the comprehen51on task (See Table 4)

There was also a 51gn1f1cant 1nteractlon between
‘;response type and 51gn type (F[l 31] 55 77,'P<: 001 MS[err]-
~.01066) . Match tlmes were faster than’ comprehen51on tlmes fd

18
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TABLE 1

Unadjusted Mean Response Times To Stimulus Pairs

Young
Comprehension v B ) Match ‘

Affirmative ~ Negative ‘ Affirmative Negativev

Verbal Symbolic Verbal - Symbolic Verbal Symbolic Verbal Symbolic
+++1 3.519 3.543 3.468 3.535 2.953 2.851 2.938 2.831
-++ 3.682 3.535 3.623 3.500 3.067 3.147 2.955 3.004
++- 3.311 3.552  3.598 3.437 2.870" 2.814 2.880 2.819,
-+~ 3.459 3.604 3.549 .. 3.632 3.010 2.979 2.919 2.961
+-+ 3.524  3.497 3.638 3.496 2.928 - 2.878" 2.953 2.771
- 3.577 3.813 3.514 ©3.585 3.156 3.106 2.881 3.002
+-- 3.553 3.636 3.709 3.444 2.898 2.856 2.898 2.792
- 3.639 3.613 3.497 3.579 3.100 3.202 3.050 2.939

0ld
Comprehension Match
Affirmative Negative Affirmative Match

Verbal Symbolic Verbal Symbolic Verbal Symbolic Verbal Symbolic
+++ 4.158 4.375 3.866 4.453 3.624 3.437 3.514 3.281
-++ 4.636 4.112 4.581 4.391 3.865 3.891 3.565 3.807
++- 4.137 4.386 4.418 4.285 3.574 3.593 3.598 3.406
e 4.411 4.125 - 4.291 3.979 4.075 3.701 3.713 3.826
+-+ 4.431 4.284 4.379 4.131 3.475 3.498 3.625 3.278
-—+ 4.233 4.549 4.334 4.373 4.171 3.998 3.772 3.905
+=-- 4.272 4.510 4.390 4.413 3.559 3.457 3.544 3.644

- 4.570 4.201 4.452 4.683 3.770 4.274 3.778 3.818
F[1,30]=64.99, P<.001, MS[err]=3.56835.

1Symbols indicate agreement of the standard with its correct match and the
distractor. The first symbol indicates if the correct match agrees with the
standard on the verbal-symbolic dimension. The second symbol indicates if the
distractor agrees with the standard on the verbal-symbolic dimension. The third
symbol indicates if the distractor agrees with the standard on the affirmative-
negative dimension. (+ indicates agreement; - indicates disagreement.)
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TABLE 2

- Adjusted Mean Response Times To Stimulus Pairs -

‘ . Young v :
Cémgrehension : = ,f S [ Mateh

Affirmative TFN;F . Negative ' o Affirmative. o gNegaﬁiv vﬁbutf
Verbal Symbolicf_«Vefbal'¢ Symbolic - -Verbal -° §ymboiicr7_vérbal‘f'Symbdiib"

vesl 30546 3s70 3.495 3562 . 2.980 2.965 . 2.858

S=ee 037100 3.0s62 - 3.650 3.527° 3.094 - 2,983 3.0m

bes 3.338 3.631 3.625  3.659 3.897 2.907

Se- o 3.486 0 3579 3.577 - 3.465 . 3.037 2.841 . 2.946 2846
+=+ 3USSI 3.524 3.665  3.523  2.956 2.905  .2.984 2,798 .

3

-S4L - 3.6z 31833133 T 3.029

73,7360 03471 . 2.926 2,884 ©2.819 -

C--- 3,667 3640 3.524 3-607  3.027 - 3.229 3,077 2.966

"JMeén‘Simple'Reéttiqh’Tfﬁé=L.§§f§é¢6qd§,

L Comgrehenéionvfj, o ‘Match ‘ e
S Affirmative ' : Negative "  - Affirmative tngZ "Négative‘

|

"Qéfbal : §1mbolic v Veﬁﬁal ,f§ymboiici"vérbal: §yhbolicxz Vérbal'?}S!@bSli§‘ 
++;::_'T4.117' 4,334 ‘3.Bé4vf_,,4.411'{f‘l3.532>“”yj{isef"lli.452;: }f§53}93"
—ee 4ls94 C 4070 4ﬁ5§9~ }ﬁ14;§§9'  ;};Qéak'ﬁ.fj.Bst ”»132523  f;;lﬁsgkﬂ
«4{7' _.4.Q§51vv‘:@gdéd- -_éJjjéflﬁ V3,§i7 ’fv[j{s:zf,‘:'3,559‘ : 3;55611{' 3.78¢

Sts 43690 4345 4.250 4244 40033 0 3.ssy 3671

.;u§3 L

Ceev o 4l389  ,f4;242-;~ f453;7¢ 4089 3j43ﬁ"-3‘3;;45é:  3sed
B ‘5} .,.,4;i95~ f  }.507‘ 1j4-2?2f? i»Q;iii~lﬁg‘4.i295 - éissé - '?-750,_ ,
e 230 w.ess s st sas 3,503 ¢

‘_';-7_3 1_4;$2ém",r4;15§ vvfgkf{jdixiv g;éﬁiQ v_3;iz§ N v4.2jéi ; Ej.iﬁgﬁT _
:»,?“;35 éiheléiﬁeéétiaﬂ ff@ev%f4§5é,15ii;39f%@9¢51{“PA:.ddi;35§(e<,1=3.56335)_m; 

‘;lSymbolsvindicatc’agteémenﬁvdf ché'standafdiuith itéicorrecﬁ.mqtch‘ahd the

© distractor. The first symbol indicates if the correct match agrees with the L
standard on the vepbalfsymboliC'di@ension. The second symbol indicates if the
distractor agrees with the standard on the verbal-symbolic dimension. The third.
symbol indicates if the distractor agrees with the standard bnlthe*affirhatiVe-.

négativé_dimension,‘(t}indiCACGS’aquGMGntf = indicates ‘disagreement.)’ C
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TABLE 3- L

. Adjusted Mean Response Tlmes for Response Type,

_ Message Type, and Slgn Type of the Standard

‘Young

Comprehen81on -,ff' R . - .'Mateh

Afflrmatlve a Negatlve f:v‘q’ Affirmative o NegatiVe'

H"1Verbal‘v Symbollc f"Verbal ' Symbollc leerbalV' Symbolie ' Verbal vSymbolie '

"'ag.3.560ﬁ,ﬁ‘ 3. 626 L '3,§Oif ©3.553  3.025°  3.006  2.961 3.360
e T e .

S 4.315 - 4.276 - 4.297 4.297  4.722  3.690  3.597 4.006




TABLE 4

Two-Way Interaction gﬁ Response nge With Message Type

Comprehension Match
/ . / -/
' !/ _ ' / _ . /
Affirm / X=3.944 / X=3.611 -/
-/ . / /
/ S.D.=.352 / S.D.=.698 /
/ - . / /
/. / /
‘ / o / . /
Neg / X=3.937 / X=3.481 = /
. / _ ; / : /
/ S.D.=.360 / S.D.=.379 /
/ / /

F[1,31]=22.49, P<.001,MS[err]=.00039
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-and responses‘to symbollc standards‘were faster than responses
~gto verbal standards. The dlfference in response tlmes to . |
verbal and symbollc stlmull was‘greater on the matchlng»task
:than on the comprehen51on task (See Table 5) | W

h‘ A 51gn1flcant 1nteract10n also occurred between messagei

‘type and 51gn type (F[l 31] 37 26' P<= 001 MS[err]=-01618)
~'fResponse tlmes “to verbal negatlves were faster than to verbalp »
afflrmatlves, whereas response tlmes to symbollc afflrmatlvesg
ywere faster than to symbollc negatlves (See Table 6)

| A 51gn1f1cant three way 1nteractlon occurred.among
lresponse type, message type and s1gn type (F[l 31] 98 77
fP-: 001 MS[err]f.00873) ~For :the: comprehen51on task,
f,responses to Verbal afflrmatlves were faster than to verbal
negatlves, but responses to symbollc negatives were faster]y
than to symbollc afflrmatlves. vFor the matchlng task
‘response tlmes to verbal negatlves were faster than.

response tlmes to. verbal afflrmatlves, but response tlmes to
symbolic afflrmatlves were faster than to symbollc negatlves :f
(See Table 7) |

The next anaiy51s of variance was‘performed to determlne
whether a match was easier to make 1f the matchlng stlmulus |
agreed w1th the standard on the verbal symbollc dlmen51on,”

or 1f it was ea51er when the match dld not agree with' the y
standard on th;s drmens1on. 'The analy51s_lnvolved the‘

following variables:('age,group} meSSage"type; and-agreement'

23
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TABLE 5

Two-Way Interaction of Response Type With Sign Type

Comprehension Match

/ ' / /

o/ . / _ ” /
Verbal / X=3.943 / X=3.576 /
/ / /

/ S.D.=.363 / S.D.=.706 /

/ ' / /

/ / /

/ R / _ : /

Symbol / X=3.938 / X=3.516 /
/ o -/ /

/ S.D.=.350 / S.D.=.372 /

/ -/ /

F[1,31]1=55.77, P=<.001, MS[err]=.01066

‘TABLE 6

Two-Way Interaction of Message Type With Sign Type

: Affirmative Negative
/ ' : / ' -/
' / _ / _ /
Verbal / X=3.905 / X=3.614 /
/ I : / : ‘ /
/ S.D.=.363 / S.D.=.473 /
/ / /
/ / /
' / _ o/ _ /
Symbol / X=3.650 / X=3.804 /
/ o / /
/ S.D.= .450 / S.D.=.369" /
/ | / | /

F(1,31]1=37.26, P=.001, MS[err]=.01618
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 TABLE 7

' 'Thfee—Way Intetactibn of Response Type With'MéSSagev

o “TzEeHAnd Sign Type - o

Comprehension

Affirmative - l »l,‘Negativé~

Verbal  ¥=3.937 X=3.949

S.D.=.377  §.D.=.372

 Symbol. X=3.951

S.D.=.372

.s.D;;.325

.'Matdh;

Affirmative e ___Negative

Verbal - X=3.874 X=3.279

S.D.=.849 ' S§.D.=.318

‘Symbol . X=3.348 | X=3.683

S.D.=.342 '§.D.=.323

S N NN N

 F[1,311=98.77, P<.001, MS[err]=.00873
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d‘of the match w1th the standard on the verbal symbollcj_f

lemen31on (same or dlfferent) A 51gn1f1cant main effect

.jwas found for age (F[l 31] 78. 59 P-< 001_ MS[err]— 38610)¢g SN

The mean response tlme for the younger

'pand the mean response tlme for the older women was 3 669

; omen was 2. 963 seconds‘f |

seconds. A 51gn1f1cant maln effect was also found for message«f"'

- type (F[l 31] 36 95, P<: 001, MS[err]f.01610) The mean

f'response tlme to negatlve stlmull was 3. 267 seconds and the

mean response tlme to afflrmatlve stlmull was 3 365 seconds.p =

_In addltlon, ‘a SLgnlflcant maln effect occurred for agreement:'
'of the match w1th the standard (F[l 31] 73 00, P-<'001 :
MS[err]— 05905) N The mean response time when the match and 3
standard agreed on the verbal symbollc dlmen51on was 3 185
'seconds, whereas the meankresponse tlme when the match and
standard dlffered on the verbal symbollc dlmen51on was 3 447
seconds. : | | |

‘A 51gn1f1cant 1nteractlon was’found between message:_f“?‘h

gtype and agreement of the match w1th the standard (F[l 31]—tlt

~‘ 10 94 P<; 003 MS[err]—.02529) Match tlmes were slower 1f h"
'the match and standard dlffered on the verbal symbollcpw.vn. :
dlmen31on. However, dlfferent matches caused a greater‘ g
rncrease in response tlmes for‘afflrmatlve standards than forp"
.negatlve standards (See Table 8) | :

There ‘was- also a 51gn1f1cant 1nteractlonvbetween‘51gn:,a
type and agreement of the match w1th the standard (F[l 31]—d'd:
"f’10.24, P-:.OQ;,.MS[err]— 03287) : As in Table 8 match tlmes -

S . v : e ,
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 TABLE 8

B Two-Way Interactlon of Messagi XEi and Agreement o

,,:of the " Standard and Match as to ;9 XE

“ Affifmative 'Q"T7ff'f.N§§ativef

CSame - & x-3 201" . E=3.170

.,s =.308 ./ 8.D.=.305

Diff X=3. 528f'~ - X=3, 3651

' s.D .7.420: ‘s§ .—.391f*=

| ~g[1,31];1oQ94;vP;:,003} MS[err]=.02529
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were slower if the match and standard differed on the verbal-
symbolic dimension. However, different matches caused a
greater increase in reaction time if the standard were
symbolic than if the standard were verbal (See Table 9).

A significant interaction also oécurred between age and
agreement of the match with the stanaard (F[1,311=10.94,
P<.003, MS[err]=.02529). Matches were more difficult for
older subjects when match and standard were in different
verbal—symbolic dimensions than they were for younger subjects
(See Table 10).

A significant three-way interaétion was found among
message typé; sign type, and agreement of the match with the
standard (E[l,311=4.86, P=.035, Mg[err]=.01757). See Table
11. |

The final analysis of variance was pérformed to
investigate the role of the distractor and involved the
variables of age, message tyée, sign tfpe, and degrees'of
differehce between the distractor and the Stéhdérd (no
difference, differ only on the éffirmativé-negative dimehsion,
differ only'onvthe‘verbal—symbolic dimension, or differ onv
both.thé affirﬁati?eénegative and the syﬁbdlic—verbal
dimensions). Only main effects for age (E[l,37]=76;04,
P=.001, MS[err]=1.07014) and message type (F[1,38]=28.71,
 p=<.001, MS[err]=.04998) were signiiicant. The mean responsé
time for older subjects was 3.709 seconds and the mean
response time for younger subjects was 2.985 seconds.
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. Same

'"."TABLE'917

Two-Way Interactlon of Slgn vyg and Agreement of

' the Standard and Match as to g zg

?Vérbaif “; .»f’” B SymboliCdﬁv .

;Sémé" x—3 236:,’ ‘“,H§r3;134;rfr.f

~ s.D. 3081-‘_,V~- 8.D.=.297

Diff /= ¥=3.424 %=3.469

s.D.=.408

s.D.=.419

 E[1,31]=10.24, P<.004, MS[err]=.03287

TABLE 10

Two Way Interactlon of Age w1th Agreement of the MR

Standard and Match as to Slg yg

X*Z 884?*.?h "~;' X= 3. 487.;

':'»'S- hf-047h" s D =;066,”ﬁ

 Diff  X=3.043 X3, 851”““

 s.m067 ‘~s 108ffy_;1'

N T B

© F[1,311=10.94, P<.003, MS(err]=.02529
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TABLE 11

Three-Way Interaction of Message Type with Sign Type

‘and Agreement of the Standard and Match as to Sign Type

Affirmative
. Verbal Symbolic
/ / /
/ . / _ , /
Same / X=3.232 / X=3.170 /
/ / /
/ S.D.=.306 / S.D.=.307 /
/ / ' /
/ / /
/ _ / _ /
Diff / X=3.523 / X=3.534 /
/ / /
/ S.D.=.365 / S.D.=.413 /
/ / /
Negative
Verbal Symbolic
/ / /
/ _ / _ /
Same / X=3.240 / X=3.099 /
/ / /
/ S.D.=.313 / S.D.=.283 /
/ v v / /
/ / /
/ -~ / _ /
Diff / X=3.326 / X=3.404 /
/ / /
/ S:D.=.362 / S.D.=.417 /
/ / /

F[1,31]=4.86, P<.035, MS[err]=.01757
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.~Responses to negatlves (X -3.297 seconds) were faster thanv
vresponses to afflrmatlves (X—3 392 seconds) No 31gn1f1cant'
‘1nteractlons were found. but the lnteractlons'between 51gn
"type and degrees of dlfference between the standard and the
: dlstractor (F{3 114]=2'19 P-< 09 MS[err]—.04829) and amongtc_

51gn type, degrees of dlfference and age (F[3 114] =2. 39

Av’P-= 07 MS[err]—.O4892) approached 51gn1f1cance : Matches

vwere faster to symbollc than to verbal standards., Older _f
‘VUSubjects had faster response tlmes when distractors. and 'ﬂ
standards dlffered on both or no dlmenSLOns, whereas yonnger;
‘ subjects made faster matches 1f the standard and dlstractor
: dlffered on the afflrmatlve negatlve or the verbal symbollc’

dlmens1ons;
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 DISCUSSION -

Slmple Reactlon Tlme

Older subjects 1n thlS study had slower 51mple”reactlon}p, S
tlmes than d1d younger subjects;' Prev1ous reasearch (e. g;’
| Cerella, Poon, & Wllllams, 1980' Gottsdanker, 1982) haS»
ldemonstrated a statlstlcally 51gn1flcant but minimal
'lengthenlng of 51mple response t1me w1th age. When'simplell_i1j‘
: reactlon tlme was: covarled w1th comprehen51on tlme and match
‘ptlme for both younger and older subjects in thls study,rolder
vsubjects responses were slower than those of younger sub]ectsu
even after “the adjustment for speed of respondlng Thlsg
‘flndlng was not unexpected 1n llght of the relatlve ‘. :
complex1ty of the matchlng task and the usual flndlng that ut-’
‘response tlmes 1ncrease more for older subjects ‘than for
- younger subjects as the task 1ncreases 1n complex1ty That"
,volder subjects were 51gn1f1cantly slower than younger subjectsy
even when 31mple motor response tlme was controlled is: |
*con51stent w1th the flndlngs of Cerella, Poon, and Wllllamsvp
(1980) that more complex tasks result 1nlgreater performancei”b
:def1c1ts for the elderly .Cerella's,et al 1exam1natlon of
'thelr data revealed a sllght slow1ng in sensorlmotor tasks
land a morebsevere slow1ng on tasks 1nvolv1ng mental y

transformatlons.ﬁ In the present study, mean 51mple responsep'
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'ratlme for younger and older subjects dlffered by only .05
"»seconds,»but dlfferences of up to one second occurred for_ii}ﬁj'

"the comprehen51on and matchlng tasks

: Comprehension.Times ‘f~

In-general comprehen51on tlmes were slower for older SOUREE

subjects in this study than for younger subjects, but the
*patterns of respondlng were the same for both age groups. o

‘_Both older and younger subjects responded more qulckly to

lyverbal than to symbollc standards.b These flndlngs agree w1th*,v'”

" those of Mergler and Zandl (1983) but do not agree w1th

those of Halpern (1984) Halpern (1984) found no dlfference Y{VU'

’_1n the response tlmes of younger subjects to ‘verbal or

'ﬁsymbollc 51gns,vbut found that older subjects responded an‘}'f

. average of .2 seconds more qulckly to Verbal than to symb011C'3[i"

bs1gns. There were methodologlcal dlfferences between the
present study and that of Halpern (1984) whlch may account
b,‘for the dlfference 1n the flndlngs.. The present study
‘;examlned only the responses of women, whereas Halpern si
'(1984) study had equal numbers of male and female subjects
fThat males have better spatlal abllltles than females 1s
if-well documented (Halpern, 1986) It may.well be that the

| greater spatlal abllltles of the youngeramales in Halpern s
(1984) study obscured the dlfferences ln'response time tov“
verbal or symbollc 51gns for the younger"subjects.:‘lnib ff’

'addltlon,‘ln Halpern s (1984) study, theﬁekperimenter readjiﬁpy
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_aloud a trafflc 31gn message and subjects were asked to“

: respond w1th a: verbal:"Yes“'Q'”"No" 1f the message read to h*;hk,

',them matched or dld not match theifessage of a 51gn pro;ected;;ﬁ

on'a Vlew1ng screen.f Slnce the"referent message was [

75‘presented ln Verbal form, the greater response latency for~}'d"';'"

'f“older subjects may 51mply reflect a greater dlfflculty 1n
o matchlng symbollc s1gns to a verbal representatlon ln memory.ff"
Responses to negatlve standards were faster than to

v_afflrmatlve standards.;:It appears from the data that the

"ﬁinegatlon 1n a trafflc 31gn message makes that 51gn ea51er tohhf
comprehend for both younger and older women,f Thls flndlng

“»lends support to the flndlngs of Ells and Dewar (1979) that A

'fwarnlng 51gns take less tlme to comprehend than regulatory ﬂ»fjf;i”"

g'slgns. In Ells and Dewar s (1979) study, 75%gfyg!yr;fuu

regulatory 51gns sampled contalned a negatlve, whereas all

‘”warnlng 81gns sampledxwere afflrmatlve, The data from the

'i_present study 1ndlcate that 1t was not theinegatlon that madefv’f'

regulatory 51gns 1n;Ells and Dewar s (1979) study more';fimJ

'Aﬁgdlfflcult to comp fhend than warnlng 51gns.r As there are'r

D}'also shape and color dlfferences between{warnlng and

Vfregulatory 51gns, more research 1s needed to'determlne what

vf;_aspect of warnlngﬁsf

ns ‘gl es them thelr advantage overv.

1‘regulatory;srgns.”

A;Match Tlmes

B Overall,;match tlmes were faster than comprehen51on




,tlmes for both- older and younger subjects. ”Because the‘
matchlng task is a- test of recognltlon memory,vthe meanlng
of the standard is actlvated in memory when 1t 1s presented
and the- subject must s1mply compare the two matchlng stlmull
h'to the representatlon 1n memory to flnd the correct match
’dThus, the matchlng response requlres fewer mental operatlons,:h
_and therefore less tlme, than does the comprehen31on task.
| For both age groups, matches to verbal standards were
‘veasler to make than matches to symbollc standards..eIn,‘f‘
\fTaddltlon, matches to both verbal and symbollc standards werey
‘ea51er if the standard and match were in the same verbal—’
fsymbollc-dlmen51on. Symbollc matches to a verbal standard
‘ were more dlfflcult than verbal matches to a symbollc.s
»:standard, suggestlng that women 1n both age groups translate;~'
a: symbollc representatlon into its verbal form,. ThlS flndlng
vdlsagrees w1th the suggestlon by Mergler and Zand1 (1983)
: that verbal stlmull actlvate plctorlal 1mages even before
fbelng systematlcally processed but plctorlal lnformatlon
cannot be labeled (or compared to other 1ncom1ng 1nformat1on)
until 1t is . completely processed.' In fact the data from ‘
thls study 1nd1cate that the proces51ng of symbollc '
1nformatlon 1nvolves translatlng 1t to a verbal code. d
| | There were methodologlcal dlfferences between Mergler
‘ and Zand1 s (1983) study and the present study whlch ‘may

 account for the dlfference 1n the flndlngs. Mergler and



,Zandl (1983) presented thelr stlmull in counterbalanced
hblocks of verbal and symbollc standards. In verbal standardy>
blocks, both match and dlstractor were symbollc and in
fsymbollc standard blocks both match and dlstractor were
”‘verbal Mergler and Zandl (1983) based thelr conclu51on
‘don the flndlng that subjects in both age groups had shorter .
"response latency to verbal standard blocks than to symbollc
standard blocks. Presentlng stlmull in verbal standard or -
brsymbollc standard blocks may have obscured the’real o
‘l dlfferences ‘in the proce551ng of Verbal and symbollc clv‘
'glnformatlon.-_,'l’ | | 3
‘1 For both age groups, response tlmes to- negatlve 51gns”;d*ﬁ
'-.were faster than response tlmes to afflrmatlve standards.'v:‘
i»Thls flndlng 1s surprlslng in v1ew of the well documentedb
'flndlngs of greater dlfflculty in process1ng negatlve :
1nformatlon (e g., Aklyama, Brewer & Shoben, 1979 Clark &
,Chase, l972° Matlln, 1983) The prev1ous research however,,t‘
-fhas concerned 1tself w1th the verlflcatlon of statements:‘.
ifL(Clark & Chase, 1972) or w1th answerlng yes no questlons 'a
l:(Aklyama,'Brewer, & Shoben, 1979) 3 In both of these
gfoperatlons,lsentences are represented in memory as
1g’prop051tlons, such as "Star above plus"‘or "Robln, blrd "o
8 :and the prop051t10ns are then compared to a: "truth 1ndex"‘or‘-
to general knowledge stored 1n memory.; Trafflc 51gn messages,fd‘
however, are so brlef that they may be regarded as’ already |
:'belng in prop051tlonal form and as not requlrlng the .



transformation needed by sentences and questions; In the
case of traffic sign messages, the saliency Qf the negation
allows it to be used as a short-cut in processing the sign's
message, rather than adding another processing step as it
~does in the processing of statements and questions. That‘
affirmative matches were more difficult to make when the .
match and standard did not agree oﬁ‘thé verbal-symbolic
dimension than were negative matches lends further support
to the suggestion that, for traffic sign messages, the
negation aids in processing rather than adding a proéessing
step. |
Matches to verbal negative standards were faster than
to verbal affirmative standards, but matches to symbolic
affirmative standards were faster than to symbolic negative
staﬁdards. Three of the affirmative standards contained a
directional message, but only one negative standard contained
a directional méésage (See Appendix A). Because there was an
equal probability of a correct match appearing in either the
right or left half or the visual field, there was also an
equal probability of the correct match appearing on the side
of the visual field opposite to the,directional message
carried by the sign. It may be that a verbal directional
message produces a étronger association with the direction
than does a symbolic representation of the direction. If

this is so, then it would account for the interaction between

message type and sign type. Selfvreports from several
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subjécts of difficulty pressing the left response key, for
example, when the sign's message said "right," suggests that
this may indeed be the case.

Matches were more difficult for the older subjects if
the match and standard did not agree on the verbal-symbolic
dimension than they were for younger subjects. Because
making a match to a standard in a different verbal-symbolic
dimension invélves a transformation from one form of
representatioh to another, it is a more complex task than is
making a match to a standard in the same verbal-symbolic
dimension. It is this greater complexity that causes the

increase in response time for older subjects.

Summarz

This study attempted to answer some questions about the
relative effectiveness of verbal ahd symbolic, affirmative
and negative traffic signs in conveying their intended
message to both older and younger drivers, as well as to
investigate the ways in which people in different age groups
process verbal and symbolic, negative and affirmative
information.

For both age groups, verbal signs produced faster
response times than did symbolic signs. There are at least
two possible explanations for this finding. The first
explanation is that women in both age groups rely on a verbai

code for processing information. The additional processing
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step needed to transform a symbolic representétion to its
verbal form would thus add to the necéssary processing time.
Symbolic signs would therefore be a less efficient means of
conveying information té people When speed and accuracy are
important goals (éuch as during driving).

The second explanation is that the symbolic traffic
signs presently in use may not be the versions of the signs
that best convey their intended message. If there is a lack
of clarity in the symbolic message, this would also add to
processing time and therefore make symbolic signs less
efficient than their verbal cdunterparts. Research is needed
that compares symbolic versions of traffic signs currently in
use with other possible symbolic representations of the same
message to determine if there are different versions of the
signs which more qlearly convey the intended message.
Despite the increasing need to convey important information
to people in a manner that is independent of their language
and culture, at least where driving safety is concerned, it
seems essential that we find a means of doing so that does
not sacrifice the‘speed and accuracy with which people
perceive the information.

A question remains as to whether a verbal or a symbolic
sign is more effective in quickly and efficiently conveying
negative information. For the compréhension task symbolic

negatives produced faster response tiems, but for the
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matching task, verbal negatives produced the fastest response
times.

Another question raised by the findings of the presen£
study is how people‘process verbal and symbolic directional
information. The present study did not directly address this
question, but the;self—reports from subjects of greater
difficulty in pressing the response kéy opposite to the
directional message in verbal signs makes this an intéresting
question for future research.

The finding of an age difference in response times to.
verbal and symbolic information in Halpern's (1984) study
which included males, and fhe finding of no such difference
in the present study which examined only female's responses;
suggests that more research is needed on gender differencés
'in cognitive abilities in the elderly. It seems at least
possible from the discrepant findings of Halpern's (1984)
study and the present one that the differential rate nf
decline in verbal and spatial abilities may result in males
and females becoming more similar in their cognitive abilities.
with increasing age. This, too, is an area that certainly

merits further exploration.
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APPENDIX A (continued)

Matches & Distractors for Symbolic Right Turn Only Standard.
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APPENDIX A (continued)

Symbolic Right Turn Only standard -- matches and distfactofs

LEFT
1 TURN
ONLY
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APPENDIX A (continued) .

Right Turn Only (verbal)

Standard

Matches and Distractors

LEFT |
TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Verbal Right Turn Only Standard

1 no |
|BicYCLES]
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APPENDIX A (continued)

Matches & Distractors for Verbal Right Turn Only Standard

[
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APPENDIX A (continued)

Keep Right (symbolic)

—

Standard

Matches and Distractors

KEEP |

RIGHT|

\
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- APPENDIX A (continued)

Matches & Distractors for Symbolic Keep Right Standard

LEFT
TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Symbolic Keep Right Standard
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'APPENDIX A (continued)

Keep Right (verbal)

KEEP

RIGHT

Standard

- Matches and Distractors

| err ﬁKEEPﬁ
TURN ~
ONLY | ,RJGHTJ

1
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APPENDIX A (continued)

Matches & Distractors for Verbal Keep Right Standard
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APPENDIX A (continued)

Matches and Distractors for Verbal Keep Right Standard
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APPENDIX A (continued)

2 Way Turn Lane (symbolic)

Standard

Matches and Distractors

2 WAY
TURN LANE
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APPENDIX A (continued)

‘Matches & Distractors for Symbolic 2 Way Turn Lane Standard |

2 WAY
TURN LANE

2 WAY
TURN LANE
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APPENDIX A (continued)

Matches & Distractors for Symbolic 2 Way Turn Lane Standard

NO |
| BICYCLES §

- 2 -WAY
TURN LANE
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APPENDIX A (continued)

2 Way Turn Lane (verbal)

2 WAY
TURN LANE

Standard

Matches and Distractors

2 WAY
[ TURN LANE
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APPENDIX A (continued)

Matches & Distractors for Verbal 2 Way Turn Lane Standard

“NO
BICYCLES |

| 2 war
TURN LANE
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- APPENDIX A (continued)

_ Matches & Distractérs for Verbal 2 Way Turn Lane Standard

2 wAY
[fTURN LANE
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' APPENDIX A (continued)

Left Turn Only (symbolic)
(o

I~ ONLY

Standard

Matches and Distractors

LEFT
"TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Symbolic Left Turn Only Standard

-

LEFT
TURN
ONLY

LEFT
TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Symbolic Left Turn Only Standard

|

KEEP

IRIGHT

LEFT
TURN
"ONLY
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APPENDIX A (continued)

Left Turn Only (verbal)

LEFT
TURN
ONLY

Standard

Matches and Distractors

| 2 way LEFT
TURN LANE TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Verbal Left Turn Only Standard

———

| LEFT
TURN
ONLY
N —
NO U | j ‘.
| TURN |
— | ONLY

LEFT
TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Verbal Left Turn Only Standard '
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'~ APPENDIX A (continued) -

o ﬁ0{316yclés.(symbdli¢)¥~ ,

'Sﬁéndard_ o

-~ Matches and Distractors

1 n~no 1 1
\sicvcLes| ||

| KEEP]

- RIGHTIA |
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APPENDIX A (continued)

Matches & Distractors for Symbolic No Bicycles Standard

NO
BICYCLES

2 WAY
TURN LANE

NO
BICYCLES
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APPENDIX A (continued)

Matches & Distractors for Symbolic No Bicycles Standard
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APPENDIX A (continued)

No Bicycles (verbal)

NO |
BICYCLES}

Standard

Matches and Distractors

NO |
BICYCLES ]
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APPENDIX A (continued)

Matches and Distractors for Verbal No Bicycles Standard

no |l
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Appendix A (continued)

Matches and Distractors for Verbal No Bicycles Standard

NO
BICYCLES

NO U
TURN

bd() .9
BICYCLES
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APPENDIX A (continued)

—

—

No U Turn (symbolic)

Standard

Matches and Distractors

2 WAY
TURN LANE
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APPENDIX A (continued)

Matches & Distractors for Symbolic No U Turn Standard

NO
RIGHT

| TURN

TURN

— LEFT
NO U | |TurN
| TURN | | ONLY
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APPENDIX A (continued)

Matches & Distractors for Symbolic No U Turn Standard

LTU.RN‘
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APPENDIX A (continued)

No U Turn (verbal)

NG U:_
QTURN

Standard

~ Matches and Distractors

m—

.;TURN |
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APPENDIX A (continued)

Matches & Distractors for Verbal No U Turn Standard

NO U
| TURN
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APPENDIX A (continued)

Matches & Distractors for Verbal No U Turn Standard

LEFT -
TURN INO U

ONLY _TURN

NO
} BICYCLES ]

—
NO U
| TURN
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APPENDIX A (continued)

No Ped Xing (symbolic)

Standard

Matches and Distfactors
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APPENDIX A (continued)

Matches & Distractors for Symbolic No Ped Xing Standard
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APPENDIX A (continued)

Matches & Distractors for Symbolic No Ped Xing Standard
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APPENDIX A (continued)

No Ped Xing (verbal)

Standard

Matches and Distractors

KEEP

\

RIGHT
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APPENDIX A (continued)

Matches & Distractors for Verbal No Ped Xing Standard

LEFT |
TURN
ONLY
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APPENDIX A (continued)

Matches & Distractors for Verbal No Ped Xing Standard

RIGHT
TURN
J ONLY

| BICYCLES

| TurN
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APPENDIX A (continued)

No Right Turn (symbolic)

Standard

Matches and Distractors
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' APPENDIX A (continued)

Matches & Distractors for Symbolic No Right Turn Standard

-~ NO
| BICYCLES|
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APPENDIX A (continued)

Matches & Distractors for Symbolic No Right Turn Standard
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APPENDIX A (continued)

No Right Turn (verbal)

NO
RIGHT

TURN

Standard

Matches and Distractors
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APPENDIX A (continued)

Matches & Distractors for Verbal No Right Turn Standard

| KEEP | i

IRIGHT|
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APPENDIX A (continued)

Matches & Distractors for Verbal No Right’Turn Standard

2 WAY
TURN LANE'

NO U
gTURN

NO
RIGHT

TURN
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APPENDIX B

Verbal.InstructiOns to Subjects

Beforerwe begln the actual experlment I would like to
measure,your'react;on tlme,v Please rest the 1ndex flnger of
"your right.(left) hand,on the ralsed-grayvdot between the
response keys on’thevtableiand:look”through the viewfinder'on
the tachistoscope.. I Will'say the word "ready" and the screen
.inside'the tachistoscope,»called"the,"visual field," will
llght up and an‘"X“ w1ll appear on the screen in front of you.v
‘As soon as you see the "X", press the center red button on
the,response keyboard.v Pressing the button will stop the
fresponse tlmer and cause ‘the visual fleld ‘to become dark.
Again I will say "ready" and shortly thereafter another "X
will appear in the v1sual fleld. Press the button again as
soon‘aS'you see the1"X. | We w1ll repeat the same procedure
several tlmes so that I can later compute your average"
response time. ThlS is not a contest but 1t is 1mportant
for you to respond as quickly-as you can after seeing the "X."

. Now I am g01ng to show you some plctures of trafflc.
signs;c I want to flnd out what klnds of trafflc 51gns are
_theueas;est for you to'recognlze Thls is what your task
inyolves.' I will say the word "ready" and lmmedlately

fafterward a traffic s1gn will appear 1n the v1sual fleld._
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APPENDIX B (contlnued)

As soon as you have understood the meanlng of the trafflc
sign, press the center button on the response keyboard
Pre531ng the button w1ll stop the timer on the computer and
~cause the first trafflc 51gn to dlsappear and two more trafflc
'signs to appear 1n,the-v1sual fleld.f One of the 31gns will
jmatch the message ofvthe sign you saw prev1ously and one 51gn
w1ll have a dlfferent message;t When-you have determlned
whlch of the two 51gns agrees in meanlng w1th the first 51gn,
fpress the button that corresponds to the- s1de of the Vlsual
fleld on Wthh the matchlng 51gn appears. Pres51ng,e1therl
button. w1ll stop the timer on ‘the computer and cause the “
visual field to become«dark. ‘Again I-wlll-say ready"'and
“another singievsign'Will appear‘in theivisual field.

| Before we,go on, I am going to show you each»of the signs
so you will have a chanceptobget acquainted with the pictures
:and:practicecand reei COmfortablevwithlthe procedure,"Wevwill
run through them just_as Ihdescribed'earlier."Please try to'
hexas,fast and accurate as possible when you decide whicho
signvis the correct match; Try to relar and do your best to
answerpcorrectly, If»you.become tired“or feel the need to

’take aibreak’at’anyptime,‘just let me know.
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