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IXTRODUCTION

This report summarizes the results of two laboratory
experinents desligned to yleld Informatlion regarding the
effective utilization of arrows in highway guide slgns. The

lanual on Uniform Traffic Control Devices (1971 ) mskes several

speclfic recommendatlions with regard 1o the use of arrows in
gulde signs which have led to a number of standardized slgn-
ing practlces. For exawmple, the manual recoumends horlzontal
arrows for rizht angle intersections, vertical upward for

stralght through movements, and arrows for turns at angles

related to the charnnaesas of the turn

e~ -

i

suggestions seems to be avallable to the Traffic Engineer in
his atteupts to'design efficlent informatlon displays con-
talning arrows as directlonal devices. In a recent review

of the literature Zajkowski and Satterly (1970) cite a number
of studlies concerned with the elements involved in the deslgn
of slgns including-éhape; dimension and sizé of the slgn; use
of words or symnbol messages; lettering visibility and leglbil=-
1ty; coloxr; reflectorizatlion and illumination. However, few
studles were found which dealt with the effective utilization
of information on signs contalilning directional arrows. In
two of these studies (Enustun, 1964; Wiley, 1954} it was
suggested that vertical upward or upward slaniing arrows be'

used in advance of a crossroad or ramp and that downward



slanting arrows be used at the point of turuing or bifurcation.
Wiley reports that the use of this principle at the New York
World Fair (1964-1965) resulted in fewer mistakes being made
by out of state drivers and =2 reductionlin'driver complaints,
Enustan suggests that the adoptlon of this principle "on a
natlonwlde basls would elinminaste the possibility of mislezd-
ing the motorist." It 1s the contention of the present
investligetor that such usge of‘arrows on informational gulde
slgns way be both valid and highly desirable.

However, before such a recommendzation can be implemented,
1t 18 necessary to deterumine the conditions under which
diractional arrovws may be able to enhance the information
extraction process. The present Investlgatlon was conducted
to providé inforuatlon about several of thesge lmportsnt
conditioas. Specifically, before any modification of present
slgning techniques is undertaken, it behooves us to examlne
the possibility that well established stlmulus response
assoclatlons (population,stereotyges) may salready exlst for
the materials under conslderation. If the existenée of stereo-
types can be demonstrated, then the changes in these assocla-
tlons caused by signing innovations must be examined. A
benefit of such an analysls 1s that it permits the introduction
of chenges in associations where disruption will be minimal.

In additlon to the analysls of the problem of habit
competition, informatlion regarding the relative interpreta-
©ility of arrow almlng devlices 1in varioué angular inclinations
1s of utmost importance in guide sige design. Since such

signs are lntended to communicate information symbolically,
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the effectlveness of these symbols Qust be closely scrutinized,
Experiment I of this investigation provides data with respect
to both population stereotypes and symbollic meanings. It 1is
clearly not sufficlent to examine arrow alming devices 1in
isplation from the conditlons in which they sre presently
used or will be used ln the near future. Certaln of these
conditions are inevitably experlenced under normsl ddving
conditions. Among these are sequential information processing,
varying frequenclies of information sources, and various dis-
tractions. Experiment II was desligned to examine.several of
these variables.

Thus the intent of the present investigation is to provide
the preliminary information necessary to the deslgn of a full
gcale fieid study of the innovative use of directlonal arrows

in highway gulde signs.
Experiment I

The experiment followed a basle 9(arrow inclination) X
2{arrow vertical orientation) x 3(informational coﬁtent)
factorial design with repeated measures on all factors. A
descriptlon of each of these variables as well as the ration-

ale for thelr inclusion in the lnvestigatlon 1s glven below.

Arrow Inclination

The inclusion of thls factor in the investigation is
obvious in that angular inclination is the basls for communl-
cating directlonal information in many highway guide sligas.

The fact that this variable has also been a key element in



several ecurrent and recommended slgning standards constitutes
further Justification for the examination of its differential
effects., The speclific leveéls utlilized are given below in

Table 1.
Table 1.

Angular Inclinations Used in Experiment I #*

Upward Orlentation Horizontal  Downward Orientation

22% © 0 ° 202% ©
45 O 180 © 225 ©
673 © 247% ©
90 © 270 ©
112 © 202% ©
135 9 315 O
1573 © 337% ©
# 0° refers to an arrow whlch is horizontal and
polnting o0 Uhe ©ignt aund ke rewmsining lunclinations
read counter-clockwise from that position.

The 0° and 180° positions represent perceptusl anchor

roints since they may be construed as belonging to elther an

upward or downward seriesl The seven positiéns of -the dowaward

orientation are consldered to be the ianverted analogles of

- the seven positions in the upward orientation. It is clear

that the number of angles in each of the orientations probably
exceeds the number required to communicate dlrectionality to
drivers. However, the inclusion of a wide range of arrow’
positlions in this lnvestigation permlts an analysis of the
unique discriminant power of each position, Thus, recommenda=
tions regarding the utilization of psrilcular arrow posltions

can be made on the basls of thelr sbillty to conmunicate



instructions and thelr confusability with other positions.

Arrow Vertical Orientation

As indicated in Table 1. two major groupings of arrow
inclinations were studied. These major grouplings refar to
the vertical orientatlons of the arrow head (upward and down-
ward). In 1light of the Wiley (1264) and Enusitun (1364) sug-
gestions and because of existing slgning practices in the
differential use of arrow vertlecal orientatlions, a thorough
analysis of thls variable was coasidered necessary. There is
the distinet possibllity thail general upward or downward
orientations are capable of producing unique responses. If
suchh response differences exlst they may be utilized to
enhance driver choice behaviors. If no differenées are

L ST B
i
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y may ald in preventiag
unnecessary or superfluous design practices 1n gulde signs.

It should be noted that because of thelr obviouns relatlonship,
the angular inclinations were designed to be isomorphic within
the vertical orientations in order that possibles interaction

effects could be studied.

Information Content

Highway gulde signs contalning arrows are often combined
with other types and amounts of highway Information. Sinqe
such coﬁbinations of information seem to be the rule rather
than the exceptlion, an examlnatlion of the interactions of
several selected types of information with directlonal arrows

was nade a4 part of the present investigation. Three types of
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situations were used. In situation oné, directional arroﬁs
were presented alone. This fype of stimulus pernits the
establishment pf bese line beshavior %o be used in comparative
anaiyses of the other situations. In siltuation two, the
additional information consisted of a route nunber. This
combination of information is often encountered in interclty
driving. The specific route number on the signs was selected
from a table of random nuambers to prevent any previously
learned assoclations from having an effect. The final infor-
mation situatlon combined a street name with a directional
arrow, a situatlon ofteﬁ encountered in urban driving., The
particular street nauwe was selected on the basis of its
relative freedom ffom speclfic stimulus-response assoclatlions,
The three conditions of thls variable have heen labeled sym-
bollc, numberleal, and verbal, resosctively.

It has been demonstrated in the psychologlcal llterature
that stimuli of the type descrlbed above interact signifi-
cantly with the type of respouse réquired of the subject to
produce stimulus response compatablilities. Thus, because of
the fact that these conditions presently exlst on the highwsay
and because of thelr psychologlesal slgnificance, thils varlable

is of particular interest.

sunlects |
Idéally,'the subject pool for an experiment of this type
should represent a sampling of all ége ranges from the actual

nopulatlon of drivers. The inclusion of such a range permlts
P g
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the determination of age related differences in the processiag

of trafflc sign information as well as providing a sound foun-

dation for the generalization of resulis. Table 2. glves the

age ranges and frequenclss of subjects 1lneluded in the

experiment.

Table 2.

Aze and Frequency of Subjects

Age Prequency
16=25 20
26=35 20
3645 20
46-55 20

Subjects were selected randonly from among the students
and faculty of Wayne Stats niversiiy and from‘among respond-
ents to advertisements placed in the campus and daily newsg=
papers. The oniy restrictions placéﬁ cn the subjects in the

investigation were that they had to be a llcensed driver and

‘have normal visilon elther corrected or uncorrected. Each

subjJect was paid $3.00. e

Originally,_it was plannéd to'inqlude age groups in the
56-65 and 65-over age ranges. However, Lt proved to be
extremely difficult to obtaln voluntesrs in these age groups.
Congequently, the data obtalned from the several volunteers
obtained in these age ranges, were not included 1ln the final
analyses. Iﬁterestingly, preliminary data analyses suggested
that the performances of thesge individuals was not signifl-

cantly different from several of the younger age groups and



in some instances showed a decided superiority to them.

Apparatus

The equipment used in the experiment was of standafd
manufacturé. Thus, =z general description of the equipment
configurations and thelr operations wlll suffice hére. A 1ist
snd menufacturer's descrlption of the equipment is given in
Table 12 of Appendix I,

The egulipment was designed to serve. three basic‘functioas:
the presentatlion of stimuli, the control of stimulus duration
and iﬁterstimulus intervals, and the measurenment of the sub-
jects' respouse latencies. The length of stimulus duration
was set bg determining the sapproximate awount of time that a
directional sign 1s avallable to drivers for processing. This
measurement, taken al maxlmum speeds on a freeway, had an
approximate average of five seconds. The inferstimulus
interval was determined by the purely pragmatic consideration
of the time necessary to record the subjects' responses.

This process required approximately ten seconds.

Uporn the start of the experimemtal sequence the experi-
menter manually activated the tlming sequences. .From the
time of this activation, a2 decade interval timer measured a
ten second interval. At the end of thils interval a second
decade laterval timer ﬁas activated., Thlg second timer served
two functions. PFlrst, when activeted Lt advanced the slide
projectdr to the next stloulus positibn. However, in order
to assure that the stimulus duration was held constant, a

delay veitween sllde chanze and stlaulus exposure was considered



necessary. Thus, the second timer waé-alsﬁ nsed to time a .05
second inter?ai, at the end of which a relay activated an
electronically timed and controlled £;chistbsoopic shutﬁéf oﬁ
the_slide projectqr; - This sﬁutter‘exposed the étimﬁlus mate-
ria} for a duration of five seconds. 3Simulitaneously with this
exposure, a synchronlzed pasgsive felay closure on the shutter
control activated both a volice key and a standard ciock tlmer
which measured the subject's responsé time.  When the subject
vocallzed his respouse, the clrcult on the volce key was
completed, the latency timer stopped, and a new stimulus
- sequence was initlated. In the interval between the subject's
response and a new stimulus, the experimentér recorded-bcth
the subject's 1ateﬁcy snd his categorical response.

The stlioull in the experiment were drawn to half scale,
on artvoard, in shapes corresponding to the recommendatlons
of the Hichigan Manual of Uniform Traffic Control Devices.
This hard copy wss then photographed against a green back-
ground to produce 35mm color transparencles whlch served as
the basic stimull. The gpecific content of the slides is |

discussed 1n the following section.

Procedure

Thé basic set of information to which each subject was
exposed consisted of depletions of the sixteen arrow lncling-
tions described in an esrlier section. This baslc set of
information was displeyed alone (arrow alone), with verbal
inf@rmation {street nenme), and withlnumerical inforration

{(route nuuber)., Thus, ezch subject was exposad Lo three sets

N T L LT T T e L g
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of sixteen slides. The route number; Wheh used, was 1dentical
on 21l slides ahd consisted of a two diglt number selected at
random from a random number table. The street name was also
idéntical on all sllides where deplcted, and was selected so
that familiarity and readability were controlled.’

A second sel of slides was élso prepared to gather
informatlon on the abllity of different types of arrows %o
communlcate dlirectionality. In thié instance, eight major
arrow inclinatlions were combined wlth four different arrow
types. Because in thls analysis the interest was prinmarily
on the impact of the afrows'rather than the srrow inclinations,
the number of inclinatlons was restricted to the eight con-
sldered to be the most uneguivocal. Therefore, in this set,
only the 0°, 459, 90°, 135°, 1380°, 225°, 270°, and %15° incli-
nations were used. The arrows ussed in this comparison are
named and scaled according to the standards set by the
¥lchlgan 3tate Highway Department. One arrow type was the
"Down" arrow. This arrow is a short and stralght-shafted
arrow vhose arrovwhead wldth-to-length ratio considerably
exceeds a value of 1.00. The type "A" arrow 15 relatively
short and taper=shafted witb-a rather broad head having a
widthnto~iength ratlo greater than one but less than that of
the down arrow. The type "B" arrow 1s also a taper-shafted
srrow whose overall length and arrowhead length are somewhat
greater than that of the type"A" arrow. These dimensional
changes cfeate a casual impression of greater "arrowness".

The final arrow was z type "G" arrow. This arrow ls typleally



1l

used on Michigan Route Marker Arrow Planelé. Tt is a relatively
long straightéshafﬁed arrow whose arrowhead widthwto-length
ratio approached a value of one more closely than any of the
othér types, creating an even greater ilmpression of "arrowness".
Seyeral random orders of the sglides were consgtructed to control
order effects. One half of the sﬁbjects in each experlimental
group recelved one of the random orders znd the other halfl
the second rendom order. |

Bach of the experimental age groups was coanstliuted so
that half of the subjlects were male and the other half fe=
male. This permiﬁs an&analysis 0of the data uslng sex as s
moderator variable.

Another proeedural variable of considerable importance
deals with the amount of freedom thatvsubjects had in whieh
to make categorlical Judgments in the present experiment.
Since the amount of constraint placed on the subjects' re-
sponses can make a significant difference in the type of data
one obtainsg, 1t was decided to use two conditlons ofrconstraint;
One halfl of the subjects were glven lnstructions that they
were to responrd to each slide presentation with a fixed set
of responses. Table 3. lists-the résponses with which these

sublects were to respond.



Table 3. -

Response Lo Stimull for Constrained Group

A; Malntain present course

B. Turn off here (left or right) |

C. £djust course ahead (left or right) slowly
D. Adjust course ahead (left or right) quickly

The remaining half of the sublects were given the
responses in Table 3. as exémples of responses that they coul
make, but were told thail they should gilve whatever response
they fell was appropriate. 7Thus, this grouvup was wrestricted
in their responses. The responses ¢f the subjects under
these two conditions of consitralant were then compared in
aind Categuly Giflerences.

Before beginning the experliment, each subject was showm
a short set of demonstration slides %o insure that he under-
stood the oprocedure. Each subject was told 4o respond asg
quickly as he could after having made hls decision and out
loud so that the volce key would be activated and the experi-
menter would have an opportunity to record the response.

The complete instructions to‘ﬁhe subjeéts are glven in

Appendix II.

12
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RESULTS

fhe results of the latency analysis on the arrow inclina-
tions are summarized in Table 4. An examination of this table
reveals that enly the nmain variasbles of =2ge, 7(3,64) = 3,060,

p < .05, information content, F(2,128) = 16.62, p<.001, and
arrow inclination, F(15,9260) = 16;45, P<.001 proved to be
significant. A graphical analysls of the age varlizble revealed
that a major portlon of the varianceACOntributing to the sigznlf-
leance of this varlable was due to the 36-45 year sge group.
¥ore speclfically, it was determined that thils Variance could

be sttributed to two maie subjects whose performances slgnif-
lcantly railsed the overall performance level of their group.
Thus, it is conoluded that thls significant effect 18 due
orimarily to artifacts within a specific group.

Tne signiflcant effect due to information content seemsi
due to an average latency in the numerical condition which is
significantly greater then in elther the symbolic condition or
the verbal conditlon, although these two lattler conditiqns do
not appear significantly different from each other. Reference
to Flgure 1 indicates that while hligher, the trends in per-
formance related to the numerical condition follow a pattern
similap to‘the other two eonditions.

FPigure 1 also essigts in the analysils of the slgnlificant
effect due to angular inclinations. From the figure 1t |
appears that the 07, 45%, 90°, 1359, and 190° inclinations
consistently produce shorter latencles than the other posi-
tions. It should bhe »nolnted out that none of these lneling-

tions is in a downward orlentation. It would thus avpear



Table 4.

14

Analysis of Variance Summary: Latencies on Arrow Inclination

Sourge af M3 B D w2
A {Objective-Subjective) 1 - 17.02 1.73

B (Age 3 35,43 3,60 .05  .0158
C (3ex) 1 27 .03

AXB 3 33.40 4.0 .05 . 0183
AXC 1 3.58 « 37

BXC % 37 .24 3.76 .05 .0169
AXBXC 3 13.71 1.39

3 64 9,84

D {Information Content) 2 45.67 16.62 .001  ,0177
AXD 2 3,24 1.18

BXD 6 1.55 564

cxXo 2 1.36 A96

AXBXD & 3,29 1.19

AXCLD 2 2.37 8361

BXCLD 6 1.00 . 364

AXBIGXD 6 L 402 146

SiD 128 274

B (Arrow Inclination) 15  13.67 16.45 001 .0397
AXE 15 1.8 2.13 0L L0030
BXE | 45 2,00  2.41 .001 .0109
AXBAE 45 1.51 1.81 .01 L0063
CXE 15 .82 .93

AZCXRE 15 .15 .39

BYCXEHE . 45 . 92 1.11 .
AXBXCLE 45 .77 2.14 001 .008
SXE 960 .83

DXE - 30 2,63 3.35 L0001 ,0l12
AXDYE 30 1.16 1.48 .05 Q023
BXDI® : a0 1.09 1.33 .05 . 0057
CXDYE - 30 L460  .535

AXBIDIE : le) 1.10 1.41 .QL . 006
AXCLDYR %0 .34 1.07

BXCXDXH 30 37 1.11

AIBXCXDEE . ‘ g0 .56 .TL

SXDYE 1920 LT9
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that these particular positions prodﬁée a‘perceptual response
that one might counciude is a population stereotype. The
Variability in the remaining positions suggest that, at least
in“terms of latency data, these positioné are more amensble
to.retraining in the forw of new responses.,

The results of the frequenoj of categorlcal responses
tend to confirm the above analysis. These frequency data are
brokern down into two basic sets of émalyses, those for the
restricted condiftion and those for the unrestricted response.
We shall deal with the results of the restricted data first.
The frequency distribufions of the categorlical responses to
tie vearious arrow lnclinatlons are summarized in Table 5.

Table 6. sumﬁarizes the statlistical analyses of the fre-
quency data im Table 5. The data in this teble cleerly
reveal that arrow inclinstlons in an upward and horizontal
orientation have speclflc meanings attached to them. In each
" of these orlentationas, there ls a single category of response
which accounts for most of the responses to that specific
stimulus. ZExaminatlon of Table 6. gives the categérical
response of highest'frequenoy while cross reférenoe with Table
5. provides verbal labels fqr' hese numerical categories.

It is equélly clear that dowavard orliented inclinations ares
much less consistent in producing stereotypic responses
except for thé 270° inclination., This data tends to substan-
tiate the latency analyses reported sarlier.

In addition to the major frequency analysis three other

supplemental analyses were done. These analyses comnarsd



Table &
Frequency of Responses to Angular inclinations:

Restricted Response Condition

Angle : Cateqgory of Response
Maintain
No RIGHT Position LEFT
Response . Adjust Ad’ust ‘ Adjust Adiust Adjust

Turn Quickly Slowly _ Turn Quickly Slowly

(1) (2) :3) (4) (5} - (6) {(7)
0° - 102 6 9 3
22.5° S -4 1 25 65 28
Ls° = 20 84 T4
67.5° 4 14 89 : 3
90° A i 158 1
112.5° B 1 1 2 15 86 15
135° ® 2 i 1 18 gk 14
157.5° < 1 ! 29 bk 25
180° < 1 2 101 7 g
202.5° & 34 38 4y
225° & 5 1 3 25 33 53
247.5° ¥ 6 8 25 38 43
270° v 20 3 132 3 1 1
292.5° 4 19 b 45 5 1 ]
315° 4 25 37 47 2 1 i 1
337.5° B 5 31 34 50




)
co

Table 6.

Statistical Analyses of Frequenciles to Angular Inclinstions:
Restricted Response Jondltlon

Inclination X2 af D Most Frequent Catecory

o0 231,00 3 001 1
22.5° 25.23 2 001 2
45.09 76,55 2  ,001 2
67.5, 100,51 2 . 001 2
1 90.0 Cow 4
112.5° 143,11 3 . 001 6
135.0° 79.73 2,001 6
157.5° 2%, 40 2 L0011 6
180.0° 147.90 2 . 001 5
202353 1.30 2 .70 7
225,07 11.15 2 W01 7
247,59 4,8% 2 .10 7
270,0° % 4
292,50 33,51 2 L0031 3
315,00 6.67 2 .10 3
337.5° 5.44 2 3

<10

#indicates that frequencles concentrated in essentially
a single category thus obvliating the necesslty of an analysls
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anglyses several significant effects were found. However,
there was no consligtent trend relating age tategory to spe-
¢lfic response types. As indicated in the 1atenoy'ana1yses a
maéority of the slignificant effects seemed to be due to a few
mzle subjects in the 36-45 esge group, thus suggesting artle
factual data. In the gender anslyses only a few oémparisons

were found to be slignificent, suggestinzg that gender probably

]

plays no sigulficant role in determining the relatiORShip
between response categories snd arrow tnelinations. Finally,
not & single slgnificsnt effect was found o he due to infore
mation content on the slgns. These analyses sre summarized
in Tables 13, 14, =ud 15 in Appendix ITI.

The anaiysis of the unrestricted response coundliion
data‘tends to confirm the frequency analyses iladiceated abOVe;
In this condltlion, subjects were permltted to respond with
any regsponse they felt was appropriate for a particular
stimulis. The responses were then sorted accordiﬂg-to general
meanings, those having what the experimeﬂtér'conSidered'to be
simllar meaning belng glven a siangle category name. This
Drocess resulfed in a list of 30 responses generated by the
subjects in thls conditlon., Table 7 contalns the frequency
distribution of category responses Lo each sngular inclination.
in examination of lhis table reveals that once again inelina-
tions of an upward or uorizontal orientatlon generally

resulted in having 2 single predowinant response. It 1s also
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Tahle 7,

Distributlion of Hesponse Frequencies to Angular Inclinations:
. Unrestricted Response Condition

Regponse Catexory Anguldr ITaclinastlon

0° 22,50 45° 67.5° 900 112.5° 1%5° 157,5°
¥ v 4 & 3 v =

1. bear L. 2 3 2 91 83 68
2. bear R. 133077 92 93 403 1 4
3.,  turn back ' :
4,  turn left 2 13 14 i5 31
5. turn R. 98 29 15 2 2 1
6. prepare to go L. ' 5 5 5
7. prepare to go R, 3 2 & 1

8. stralght thru 11 147 1 2
9, downward L.

10, dovnward 7. ‘

11. upward L. . 1 1 4 6 3

12, upward R, 4 4 6

13,  turn back 1L,

14. turn back R.

15. down shead

16. this is the 5t.

17. stop, caution

18. up stralght ahead

19. 3t%. straight ahead 1

20,  exlt

2l. up L.;sharply 2 6

22, up R.,sharply 6 1

23. Dprepvare Lo go L. . . 4

24, prepare to go R. - 1

25, dovn L., sharply
26. down R., sharply
27. up L., sharply

23, up R., sharply

29, Hongense, ¥No gense
30, HNo response




Table 7. (continued)

Distribution of Response Prequenciles to Angular Inclinatlons:
Unresirictied Response Condition

21

Responge Catezory

Anewlar Inclination

180° 202.5° 2250 247,5% 2700 292.5° 3157 337,5°
4 & B B v 4 4 L
1. Tbear L. 18 43 35 45 2 6 1
2. Ybear R. : 353 40 40
3. turn back 22
4, turn left 92 12 25 16 2 1 2
5. ®turn right 2 22 2 2 1 20 25 29
6. prepare 1o go. L, 6 7 3 4 1
7. prepare t0 g0 R. 4 5
8. stralght thru il _ &4 2 1 .8
9, dowanward L. 6 1.0 10 2 1
1C. downward R 3 1 8
11. upward L. 1
12. upward R. o 2
13, turn back L. 10 19 15 2 1
14. turn back R. : 1 1 12 15 10
15, down sashead : 2 12 3
16. this is the St. 1 1 2 1 1
17. stop, caution 1 2
18. up straight zhead 2
19, S3. stralght shead 1
20. Exit N 3
2l1. up L., sharply T 15 16 13 1 1
22. up R., sharply 1 20 12 22
23. prepare to go L. 1
24, 7prepare to go R. 1
25, down L., sharply
26, down R., sharply
27. up L., sharply
23. up R., sharply
29. nonsense, nNno senge ,
30. Do responge 4 5 6 13 5 4 5
LIBRARY

michigan department of
siate highways
LANSING
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¢lear that the ﬁownward srientatiocus ars much 1ess'oonsiétent
in the respbnsé they evoke hoth in terms of dlfferent responses'
evoked and the occurrence of severazl categorles whilch contain
a significant nunber of responses. Of unusual interest, is
the fact that several of the inclinations were sble to elicit
responses of vertlical dlrectloaslity. Once agaln, the con-
cluslon ls remched that upward and horlzontel orlentatlions

produce a much nore stereotyped set of responses suggesting
that when deslgn lnnovations are desired, attention should
he focused on downward‘orientatiﬁns ag they would appear to he
more amenable to manipulation, Ioble 8. summarlizes the statise-
tical analyses of ﬁhese data. It should be pointed out however
that the Xg'analyses were done by c¢ollapsing low frequency
categories 1nto a single "all others" catezory to meet the
requirenent of the test. Thus one can get a more accurate
pleture of the variablllity in subject responses from an exam=
ination of the frequency distributlons.

Several supplemental analyses were made on these data.
Specifically, 72 analyses of the.relationships‘betweén angular

Inclinations and sex, age, and information conteat were done.

‘Ho significant trends were observed in any of these analyses,

although & few significant effects were found. These analyses
are summnarized in Table 16, 17, & 13 of appendix III. These
results suggest that the major scurce of systenatic varlance
In the experliment is due o angular inclinations of the
BTCOWS .

A flnzl set of analyses evaluated the effect of different

arrow types on latency of response and cziegorical responses,



Table 5,

Statistical Analyses of Prequesncles to Angular Inelinations:
Unrestricted Response Condltion

Inclination X2 af D Most Freguent Catesory

00 137.3%9 2 001 5
22.53 54.16 2 .01 2
45,0 102.20 2 001 ?
67 .59 36,30 1 .001 2
90.0° 112,22 1 001 5
112,59 97.56 1 L0001 1
1%5.09 86.46 2 001 1
157.59 30,66 2 001 1
180,00 102.22 2 . 001 4
202,50 36,55 5 001 1
208, 09 10, A0 & L0 1
24T .50 40,80 5 001 1
270,09 114,15 4 .001 8
292,59 17.01 4 .01 2
315.03 30,20 5 001 2
337.5 22.59 4 L 001 2
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In these analyses some redundancy to earlier data 1s present,

o

loce arrow

7]

yoe, age, S&X,
and inclinations. However, with regard to inclinations, only
thé elght major inclinations were used. This allows soume
essegssment of the reliablility of the data in the earller
snalyses. The analyses of the ldtency data are glven in Table
9. The results of these analyses tend Lo confirm the results

Yol

of the latency snalysis presented iﬁ Table 4. In addlition,

the lnterpretation of the slgnificaunce of these effects in

the previous analysls also appear to be valld in ﬁhig instance,
The significance of the arvow type variable 13 apparently due
to a slightly higher mean latency for the "A" and "3" type
arrows. These meéns were 2,07 and 2.53 secs respectively as
compared 40 2.34 and 2,40 secs For the "B" and "D tyoe

ATTOWS, glthougﬁ tnese differences achleve statistical
slgniflcance, one can only conjecture about thelr practical
slgnificance.

The results of the ﬁrequency'of category responses 1o
tnclinations es 2 function of arrow type indicate ﬁhat ATTowW
type has no significant impsact. Once again, oue is led to
the concluslon that the wost sigoeificant source of varizance
in these énalyses ig due to the arrow inelinationsz., The
results of the frequency analyses for both the.restricted and

unrestrlcted response condltions zre glven in Table 10.
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- Table 9.

Analysis of Varlance Summary: ILatencles on Arrow Types

Source | ar M3 P P o
A (Objective=Subjective) 1. 40.209 2,763 L

B (Aze) 3 60,565 4,169 .05  ,0234
¢ (Sex) 1 17.059 1.174

J¥e: 3 99,356  6.883  .005 .0435
AXO 1 65,196  4.482 05,0036
BXO 3 85,663 5.897 .01 L0362
AYBYO 3 50.339 3,465

3 64 14.526

D Arrow Type) 3 13.519  3.774 .05 .Q051
AYD 3 17.584 4,937 .01 L0072
BXD 9 17.741 4.952 005 0217
CXD 3 28.252 7.337 005 L0126
AXBID 9 17.332  4.852  ,005 .0211
AXCYD 3 14,371 4.1%1 .01 0058
BLCED 9 21.103  5.8%1  ,005 ,0268
AYBXCXD 9 20.764  5.796 L0055 L0263
SXD 192 3.5%2

E {Arvow Inclination) 7 23.564 19,091 005  ,0266
AYE 7 13.178  1.067

BYE 21 175,934 L.133

AYRYD 21 1,806 1,139

CXE 7 2,363  1.914

AZCYE 7 - .883 719

BXCYE .21 1.765  1.43%0 _
AYXBXCXE 21 2,911 2.353  ,01L  .0060
SXE _ 448 1.234

DYE : 21 1.867  2.4%4 .01 .004
LXDYE : 21 3, 74% 4,632,005 .0105
BLDYE 63 JTUT . 388

CY¥DYE : 21 .68 845

AXBXDYE 63 669 823

AXCYDXE 21 1.091 1.351

BXOXDYE 63 672 832

AYBXCEDXE , 63 L7995 .984

SXDXE ‘ 1344 308




Table 10,

Frequency of Response Analyses:
Arrow Type ¥ Response Category

Tnclination 2 as o Most Frequent Uatesory
Restricted Resnonse Condltion
0o 1.61 6 .70 1
22,5° 2,95 9 .93 1=2
45,03 W30 3 .08 i
9030 fid bed P
135,0° 3.74 6 .70 6
150.00 60 4 .98 5
270.09 #* # #* 4
315,07 . .50 6 .98 2m3
Unregtricted Response Condltion
0° 5 6,58 6 .50 5
45eoo 6.50 6 <50 §
20.0 * 34 %
135.0% 2.99 5 .50 1
180.0° 1.40 3 .80 4
225.03 8.33 12 .30 6
270.0 1.83 6 .95 8
315,0 11.1.3 12 .70 5

#the majorlty of responses fall in a single category thus
obvieting the need for an aznalyslis. The category of regponse
are the same as those of Tables % and Table 7 respectively.




DISCUSSION

The general results of Experiment I allow several
conclusions to be rezchad. ?1rsty 1t would seem that arrow‘
inclinations have developed, through past practice and
experiénee, some rafher consistent méanings for drivers.

This generalilzatlon applies paritlcularly to arrows in an
upward or horlzoatzl orientation. Presumably, this is bé«
cause more slgns are experlenced in this type of orientation.
BEven within thls sweeping statement certaln of the lnclinae-
tions conslstently produce very stable categorical responses.
One can only suppose that inclinatlons which are not qulte

ag stable are not ecxperlenced as often or are easily confused
with other orientatlions. Thusg 1t migbht be prudent to consider
The possibility of udluy only thuse inciiasiions which are
relatively stable in our present signlng programs. The
inelinations which do not eliclt stereotyple responses might
then be used for inncvatiouns in signing techniques such as
that suggested by Wiley (1964) aznd Enustun (1964). That is,
the downward oriented arrows, since they are more varlable in
the responses eliclted, would In 211 probabillity be more
sugceptible to iﬁnovations in-signing practices, In addition,
these Incllinations have a greater votential for change

through driver education programs.

Several other conclusions seém to follow from the results.
3pecifically, 1t seenms reasonaﬁle to conclude that categzorical
judgments are independent of sex orlage of the driver. Thils

13 as it should be if most drivers are driving as the deslgners



of the informatlon systems Iintended. There are some slight

[

differences 1n latencles of response of ecour

L
&

. |- 1
, pul these are

o
jog

not of practical éignificanée and are to he partially expected
due Lo maturational differences.

The fact thatlt arrow {type produced no significant differ-
ential effect was somewhat surprising but nevertheless
heartening, bhecsuse 11 suggests that categorical responses
gre lndependent of lateractions with purely physlcal charac=
terlstics of the zrrows., This fzcl zllows the slgn designer
2 1t more freedom in the physicsl conflguration of sizns.

A word of cautlon should be added at thls point. The
research reported in Experiment I is purely leaboratory in
nature. It would not be prudent Lo suggest that the resulis
are definitive in nature. It is suggested that a reliability
5 should be dons and combined
with field tests before the data are incorporated in future
signing work. However, 1t is felt that results clearly
indleate that such data can be of conslderable assistence in
future signlng practlices. 1In the folloving sectlons,
Experiment II will be described. Thils experiment ls an
atteupt to extend the findings of Bxperlment I and provide
addlitional insights.inta the utility of directional srrows in

highway signs.



Experiment IT

Baslc Desisn

The baslie deslgn of this experiment was a 2(experlence)
X 2(distractlion) X 2(freguency) factorial wlih repeated
medsures on frequency. Thls basie désign allows the assegsgw
ment of the basle arrew alming devices when used in various
combinations rather than singularly. In particular, an
attenpt was made to ldentlify the seguences of arrow alming
which produce the least amount of variabillibty in cétegorical
responses and the fastest reactlon timeg. The rationale for

ineluding each of the variables is glven below.

Experience

Experience 1s an integral part of any learning situation
and therefore was included in this sxperiment to evaluate its
impact on categorical responses to angular inclinations in
sequence. To galn some Insight into the effects of this
variable, two levels of experience were included in the
experiment. In the first level of experience, naive subjects
were required to make judgments of signs with dnly a brief
introductlion to the experiment. This type of condition
allowed ﬁhé assessment of the effects of uninstructed learning
on information utilizatlon, Very often it is possible to
instruct subjeCts as to the meaning of symbolic messages
before they actually galn any real experience with the systen,
Therefore, as the second level of experience, the deslign
included a group of subdbjects who were instructed as to the

intended meaning of the syabol system before they were -actually



required to use the system., A comparlison of the levels of
performance under the two levels of experience would thus
permit some degree of generallzation about the uitility of an
instructlonsl systea to accompany deslign changes in highway

marking systens.

Distraction

It ié obvious that drivers do not experience lnformstlon
in a completély nolse~free environment and therefore, 1t was
cousldered deslirable t0 evaluate the elfects of diétraction
on informatlion processing. Two levels of distractlon were
included. The first level used no distrscetion. Thus, hallfl
the subjects perforwsd the tagsk with no sescondary dutlies to
perform. The remaining sublects were distracted by =2 second-
ary taskh which was verformed simulisneousgly with Ghe prioary
task of the experiment. Thelsecondary task consisted of
Tollowing a pursult rotor track at 30 RPM with a siylusg. The
subject in this letter condition was instructed that his
performances on hoth the primary snd secondary tasks Here
being assessed and_therefore, he should be as accurate aund
guick as posslidble on both tasks., This instructlion was glven
to the subjects to suggest to them that the interactlion
between vehlele conirol znd information processing vas

critical sznd of unique interest in itsell.

Frequency of 3ymbols

The impact of the frequencgy of stimulus presentation 1s

of obvious imporizace. The notlon here is that as the



quantity of advance informatlon incresses the more likely the

driver ls to makKe accurate cholces., Two levels of frequency

were used 1n the experimen®t. Tt was felt that sequences of

two and four stimull would be adequate to assess the effect
of_this variable. The inclusion of this variable in the
design also allows the sesessment of the effects of ilnter-
actlions of frequency, with distraction, experience, and

errow Inclinations.

AXTOov Zaguentos

The general nurpose of hoih the experiments was o

Ies

examine possible arrow orientatlioans for indicating lumediste

-~

]

i turning points on the hizhway situstion z2fier a sequence of

advance information arrows has bheen experlenced. In Experinent

- PR P U o N - - P Y il . . - et B o~
Is 523 MONSTrated Wint a Lorlzonvel arrsouw ol eliler O

{right) or 180% (left) clearly connotes a turning polat.

Arrows which also coanoted such e driving action were the
. . e R
voward oriented 45° (right) and 13567 (left} arrows and the
N 0 - . s
downward oriented 225° (Laft) and 315° (right) inclinations.

Thus, for comparative purposes each of the above arrvow incli-

nations (horizontsl, upward and downward) were combined wlth

all possgible loglesl advance information.sequeaces. However,

the advance information possibillties were resiricted to Those
ae

inclinations which were Judged as those producing the most

unequivocal responses., Thus the advance information slildes

Q
159, 209, 1359, 1209, 2257,

were selected Ifrom smong the 09,
O ] -~ * - , Y %) L} . 2 .
2707, or the 315° incliustlons. These considerstions thus

4 '}

twenty-Tour two arroy sequencas z2und nlneity-sixz

o

4 .
raquire uan



four arrow seguences be used in the experlment. This method~-

glogy permits the cemparison of the effsctiven

}

et
in
w

3 of dilfferent
sequences ¢f information in conmoting certain desired responses.
A complete descriptlon of these sequences is glven In Table 19,

Appendix IV.

Sublects

The subjects in thls experiment consisted of fofty SUbhe
Jects randomly selected from zage levels and driving experience.
All subjects were licensed drivers and had not pafticipated
in Bxperiment I. Thus, the research employed 4 basic groups
of 10 each 33 based upon the experience (2) X dlstraction
(2) variables since all Ss recelved all levels of the other

factors. .The proporitlon of male and female subjects was

held canstant in 211 groups. Rach enhjient recelived a paymant

G 4 e

o
>

1

of $4.00 for nis participation in the experiment.

Methodoloay

As Indlcated above, @ll subjects experienced all infore
matlon sequences. The equipment and wmethodology was ldentical
to that used in Experiment I with a single exception. The
distracted groups were required to malntain a stylus in
contect with a rotating dlsk on a Lafayette Instruments Rotary
Pursult Meter. Bach sequence of slides was set off from the
other Sequences by means of & blank interval., The order éf
sequences 1o be presented was randomlzed and half the subjecis
in each of the groups recelved oune randou order while the

other half received a different rendom order. Subdbjects were
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glven a five minute rest between each serles of sequences

= 1
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wnlch was vlmed
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tray chsnges.

The dependent variables in this experiment coansisted of
latency of response and subjectlve categorical response as in
Experiment I. The objective response condition was elliminated

a

from this experim

=3
[
v
i
ﬁ'

gince 1t essentlally duplicates the

subjective conditlon and in wmost cases is not as lnclusive.

w

The subjects in the experiment were lnsitructed that tLhe
experiment was designed to assess the lnteraction of effects
of griving o be ;%mulated in thiz experiment by the pursuli
rotor and hlghway inflormstion processing to be simulated by
the slides. It ﬁas stressed that we were concerned with the
speed and accuracy of performance on both these tasks. The

complete 1lnstructions to subjects ave given lun Appendlxz II.

i
Ctw
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L | S RESULIS

The initial analysls of frequency data consisted of an
examlnation of the effects of distractlon and 1nformatioﬁ

about arrow meanings on the categorical respounses to the

various arrow sequences. To accompllish this analysls, a
separate chl square snalysis was done for each seguence

i utiliizing the distracilon and informaition condltions as the

categories of the contingency table. The data conslsted of
the different nuwber of categoriczl responses elicited under
each of the condltions. Only two of the 120 analyses reached
significance. The frequencies and the chl square tests are
summarlized in Table 20 of Appendix V. One must conclude from
these results that in the present study nelther dlsiracting

Hlm o mn B Ak tAas S Poammt v
B L LN I RO TR Uapt LSRR LA LV Sy

them 28 %o the meaninces of arraws
significantly affect the subjects' categorical responses.
The 120 seguences were then rsnk ordered in terms of

the number of different categorical responses ellcited. It

would seem reasonable to assume that those sequences which

elicit the fewest different cstegories are the sequences which

most probably azre ellcliting population stereotyple responses.

Arblirary crliteria were then estab1lshed'by which to separate

the "best" sequences from the others. These criteria were

enplrically established and were determined to be gix or

fewer different categories for the itwo-arrow sequences and

thirteen or fewer dlfferent categorles for the four-arrow

sequences. 70 attempts were made to establish the "correciness”

of the ce2iszories. The sequences which met these criterlis are
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given in Table 11 along with the‘mean'humbér of categoriles
el eliclted and the-mean latency of response to the Sequence.
| A cqmpiete description of each of these numberéd Sequences
can be found in Table 19 of Appendix IV. 3Several additionsal

analyses of the criterlal sequences were then done to determine

thelr essentisl charscleristics. .A chl square of the right-
left orientation revealed no significant differences iﬁ the
frequency with which these orientations occurred in the
sequences, X2(Lldf) = .0286, 3Similarly an snalysis of the
vertical orientation in the sequences revealed no slgnificant
differences in the freqﬁency with which these orientations
were represented in the advance information porilons of the
sequences, X(1df) = 2.9412. However, seversl additional

B - analyses revealsad some luteresting characteristics of the

| gequences inciuded in the criterial group. An sunalysis of the
end arrowsyof the sequences PEVealed_that unward orientations,
including the horizontal, were significantly wore freguent
than downward orientations, ¥2(1df) = 30.12, p-<.00lL.

Pilnally, 1t was determined that the horizoutal orlentztion in

the end arrows occurrad in the oriterial group'more frequently
than any other type of orientation, X?(ldf) = 6;42%6,
p<.025. Thus, one can reach the conclusion that the driving
populatlon representied by the sample in this investigatlon

seems to have established population sitereotypes for the end

arrow In gulde slgn seguences., 3pecifically, 1t would appesr
that upward oriented and horlzontal end arrvows are wmost flrmly

established in terms of driver expectations,




Table 11.

summary of a Mean Number of Categories
and HMean Latencles for Seguences Reaching Criterion

Sequence Mean Number of Categorles Yean Latency

1 5.00 1.30
4 4,25 1.74

7 5»2'5 1.86 ]
10 5.00 1.73
11 5,00 1.73
i3 5.00 1.81
16 5.50 1.72
22 5.00 1.38
25 3,75 164
29 10.50 1.68
23 2.75 1.67
31 9.25 1.7L
37 10.25 1.69
33 106.00 1.82
43 9.7% 1.76
44 10.25 1.73
A6 10,00 1.92
45 10.50 1. 64
50 10.50 1.76
51 10.25 1.68
55 2. TH 1.72
56 .75 .77
57 10.25 1.67
61 3.75 LT
62 10.75 1.51
63 2.75 1.37
5 11.50 1.90
79 12.00 1.83
32 11.50 1.74
97 11.00 1.72
95 10.50 1.79
103 11.00 1.81
106 10.75 1.76
112 12.00 1.75

Table

#eomplete description of sequences can be fouand in

19 of Appendix IV.



37

The analysis of response latencles was restricted to the
seguences whlch had met the frequency criteria discussed
earlier. However, a conplete summary of the means and stand-
ard deviations for all saquences as a funcitlon of information
and distraciion conditlons is g2iven in Table 21 of Appendix V.
Mo slzgniflcant difflerences in latencles were fouad as =2
function of seguences in the eriterion group, F(33,102) =
L0509, In zddition, & bt test for unequal sample slzes revealed
no SlOﬂLTinlt aifferenc:“ in latencles beiween the Itwo-arrow
and four-arrovw sequences, G{1644f) = 1.2079. Finally, an
analyslis of veriance revesled that the dlstractlon variable,

1,
M1,1

-
i

12,00, p < .01 and the information variable,

'\_ﬁ
H

178.00, » < .01 both were sliznificant. In the case
of the distraction varizble, the pean for the dlstracted
condition was 1.74 secs. as opposad to\l.SO gsecs. for the
undlstracted condition. This suggested the possibility that
in the experimsntal sliuation the dusl tasks of followling a
target and extracting information from highwéy signs caused

4

the subject to more efficlently distribute his attention,
resulting in =& 10wer‘1atenoy for the distracted group. The
fact that tLe_Lea latency for the group which was lnstructed
a8 to the meanings of arrows wes 1.32 secs. 23 opposed to 1.65
secs. for ithe unlunsitructed group ls loteresting and open to
gsome lnierpreiation., One explsnation for such a findlng lis
that the subjects nay have had stereotyple responses to the
arvows prior to paxticlpating In the ezxperiment and thet the

"

masnings esteblished by the experimenter confllcizd with
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these stereotypes thus rgising the mean latency. A ssacond

explenation for this.
speeific meanings to

because they attempd

2

nhiects
Dlegt

finding 1s that the
uize took longer to make thelr response

o check thelr cholce agalast avallable

response before overily stating thelr cholce. This finding

imblies that 1f one attempts to change informatlon on highway

signs and then atteundts o modify drivers' responses through

edugational prograns,

increase 11 response

agsociations are thor

it may be reasonzable to expect an
latencles until the new stimulus response

oughly learned.



SUMMARY

The results of the two experiments dlscussed in thils
repdrﬁ provide conslderable information with respect to the
use of arvows in routs gulde slgns. Experlment T demonsirated
that age or sex have 1ittle impaétwonrcategorical responses
to various sngular iaclinstions. In addiition it was found
that the type of zrrow used 1lu the experiment had 1ittle
effect on cztegorical respomnses and only umarginal eflfects on
response latencles. COn the otiier hend, i1 was deterained
that upwerd orientations were consistently related to uwors
stereobtyplce resvonses while dowaward orientatlons produced
significantly more varietly in responses. 4 delalled exaninge
tion of this data revealed thzt the zrrow Inclinations
oeceunying the malor vpwsrd compass DOlnus produéed 183ter
reaponse latencles and more unequlvocal categoricsl responses.
It was alzo found thaet arrow inclinations combined with
numerical informatlon on the guide:sign produced higher
latencles than when the arrows zre combined with verbal
inforuation or are presented aloue. Data are also presented
whiieh permiv an iaspection of the,relationship between speclific
cetegorical responses and the various angular inelinations.
Pinally, it was found that permitting the subject wnresitrlcted

P

latitude in making his categorical responses provides o more

D

on
e
U

4.7

zdequate dzta base lhan s forcing responses lnto a set of

’

Q

-
{®

fixed categories.
£

In Sxperiment II attentlon was focused on the effect of

verious arrow itnclinstlions 1u sequences.  Thne Q,dj ey revealed
) 4
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that upward oriented sequences produce the fewest different
categorical Tresponses. It was also determined that the end

arrow of the sequences is significantly more often 1in the
horizontel orlentatlon in the erlterion sequences. Xo sige-
nificant differences were found between right and left

oriented segquences. Distrazeting subjects from the primary task

or providing tnem with specific meanings for the angular

inelinations appesred to hzve no elfect on categorical re-

sponses. The latency data indicated no significant difference
between individual sequences or belwsen two-srrow and fourw
arrow sequences. Flnally, it was determined that both the
distractlon variazbles and lnstruction varlableg significantly
affected response iateﬂcies.

In conclusion, the data of this feport demonstrate the
existence of stereotyoic driver responses to gulde sizn arrows
| K in upward orisntations. The results‘also sugzest that the

innovative usge of arrows in guide signs should be concenirated

in downward orlentations. However, the abstract nature of the
stimuli in the present luvestigation reguires the lmplementow
tion of the recommendations nade by Zajkowski énd Satterly
{1970} for a laboratory study utilizing slides of actual high-
way scenes z2nd a fleld test of the proposed slgnlng methods,
Putting these recommendatlions Into effect wlll permit a

T

valldlity assessment of the dats obtained in the present

.

investigation and an exemination of the effects of dlfferential

=

oadway and intersectlion gulde sizn placement as suggested by

L

iz

!

at

s

o

n (1964) and Tiley (1964),

LIBRARY ,
michigan depariment of
state highways

LANSING
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Equipment used in the Experiment.
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TABLE 12

Equioment used in Experiment | and 1]

Unit

Quantity Mapufacturer

1 - Gerbrands 61168 Electronic Tachistoscopic
Shutter with Timer

1 Gerbrands G1169 Kodak Carousel 800

‘ Projector

2 Hunter 1131C  Dscade Interval Timer

1 Hunter i50 Self Holding Relay

1 . Lafayette Pursuit Rotor

1 Lafayette 6602A Voice Response Time
Control

1 Lafayette 5661ADW  Stop Clock

42
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instructions to Subjects in Experiments 1 and 11
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Instructions for Experiment |

You are going to be participating in an experiment which deals with
highway safety., Generally what we are trying to determine is the extent to
"which licensed drivers agree on the meanings of certain types of traffic
signs. You will be shown a series of slides which depict highway signs as
they might actually be experienced on the highway. There will be a number
of sets of these slides. After each set there will be a slight pause while
we change to the next set and you will be able to take 2 rest during these
pauses. Your task will be relatively simple, As soon as each slide appears
we want you to determine what action the sign indicates that you should take.

A. Instructions for restricted alternatives
If you will look at the card we have provided you will see the
choices of response that you have. For example your choices are
A, Maintain present course .
B, Turn off here (left or right}) HNote: emphasize that the left
' or right must be included-
C. Adjust course shead {left or right) slowly
D. Adjust course ahead (left or right) quickly

B, Instruction for nonrestricted group
We would like you to indicate whatever the sign Means To You,
For example it could mean
A. Maintain present course .
B, Turn off here {left or right) Note: Do not show card.
C. Adjust couise ahesd (leri ur rignt) siowiy
U. Adjust course ahead (left or right) quickly
These are only & few of the possibilities of course, but we do
want you to clearly indicate what the signs mean to you. It is
extremeiy important that you supply us with as exact a meaning
as possible,

As soon as each slide appears we would like you to make your decision as
quickly as possible, Once you have made your decision please report vour
answer out loud INTO THE MICROPHONE IN FRONT OF YOU, Please speak clearly,
distinctly and in @ normal tone of voice. As your response will stop a
timer and must aiso be hand recordad. |f possible, please avoid & cough or
unnecessary talking into the microphone when a slide is on the screen as
this might accidently activate the device controiling the timing. Once
again, in your responses always indicate exactly what action the sign connotes,.
That is, you should always indicate the dirsction and the type of action.

The speed and accuracy of your responses are both critical, Therefore we
would like you to make your responses as quickly and accurately as possible,

Do you have any questions?

Before we get started with the main body of the experiment | will show
you some demonstration slides so that you can see the kind of slides you will
be asked to respond to--once again even with these slides respond as accurately
and quickly as you can,
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Instructions for Experiment 11

Instructions to be read to all Subjects

You are going to be participating in an experiment which deals with
highway safety. 1In this specific instance, we are going to be examining the
drivers ability to extract information from highway signs. HNaturally, we
will not be using a.rcal vehicle or highway signs in the experiment but the
tasks we have chosen for the experiment do contain the essential elements of
the actual tasks we are attempfing to examine. For example, instead of actual
highway signs, you will be shown several series of slides arranged in mean-
ingful orders, but not necessarily as they are seen on highways. There will
be a slight pause between sach set of these slides. Your task will be rela-
tively simple, with regard to these slides. As soon as each slide appears we
want you to tell us what the sign means to you. For example the sign could
mean=

1. Stop.
2. Yield
3. Turn here

Let me emphasize that these are only examples and we want you to indicate
whatever the sign means to you.

As soon as each slide appears we would like you to make your decision as
quickly as possible, Once you have made your decision please REPORT YOUR
ANSWER NHT 100D INTO THE MICROPHOME 11 FRONT OF VOUI, Dlzasse spealt clearly,
distinciiy, and in a #ovmxi tone of voice. |if possibie, please avoid a cough
or unnecessary talking into the microphone when a slide is on the screen as
this might accidently activate the timing device. Once again, in your
responses indicate exactly what action the sign connotes. Thaf is, you should
always indicate the DIRECTION AND THE TYPE OF ACTION. The speed and accuracy
of your responses are both critical, Therefore we would like you to make
your responses as quickly and accurately as possible. ' '

Additional Instructions-Distraction group only

We are of course interested in the interaction between visual task
capabilities and the ability to drive the vehicle, Thus, while you are seeing
the slides we will ask you to perform a2 second and simulitaneous task, which
simuiates the actual vehicle control task, As you will note, on the table in
front of you is an apparatus which somewhat resembles the turntable on a
phonograph. Your task is to take this stylus (an L-shaped rod on a hinged
handie) and holding the handle, keep the metal tip on this little disc as it
revolves. As vyou can see, this requires some degree of coordination as you
must respond to each slide as it appears while doing your best to keep the
stylus on the target. 1 wish to emphasize that we are concerned with your
ability to perform of both of the tasks., Your performance on each of the tasis
will be automatically on record, '

Additional instructions for instructed group bn]y

Before we begin the experimant | would like to take a few moments to
explain the information you will be seeing on the slides, On each of these
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“slides you will see a guide arrow of a particular kind

. in preliminary
research we have been able to establish the geneval meanings of these signs.
(Give subject card with arrow inclinations and general categorical responses

on it). 1If you will look at this card we can go over it together and examine
these wmeanings.

Arrow Inclination General {ategorical response
1; A : Straight Ahead ‘
2. WA Keep left (right)
3. & B Turn left (right)
h, B 4 Exit left (right
5. v Thru Traffic
All of the slides that you will see contain one of these arrows and we

will require you to raspond to each slide. However, ! would like to emphasize
once again, that we want you to indicate what each slide means to you. So

give whatever you believe to be &n appropriate response to each slide, Do you
have any questions? '
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TABLE 13

Frequency Anelysis: Age X Arrow Inclination

Restricted Response Condition

Angle x2 df p
0 % %* %
22.5 16.16 6 .02
Lg 20.85 3 . .02
67.5 9.53 1 .05
‘90 e % %

112.5 A 3 *
135 * & *
i57.5 i3.01 & 05
180 * e %
202.5 19,34 6 .01
225 © 8.98 6 20
2h7.5 5.86 6 .50
270 * % %
292.5 10,25 6 20
315 8.49 6 .30
337.5 16,28 6 .02

Note,==~ * means that majority
have fallen in & single category.

of responses



- TABLE 14
Frequency Analysis: Sex X Arrow Inclination

Restricted Response Condition

Angle ® df P
0 1.05 1 .50
22.5 7.0k 2 .05
Lg 1.99 y4 .50
67.5 1.71 2 .50
90 3 % %
112.5 2.15 2 .50
135 .25 2 .90
i57.5 .93 2 .70
180 b4y 1 .05
202.5 2,10 2 | .50
225 18.15 2 .01
247.5 10,26 4 .05
270 - .,08 1 .80
292.5 10.88 2 .01
315 11.65 2 .01
337.5 36 2 .90

Note,=~= % means that-majority of responses
have fallen in a single category.

D



TABLE 1.5
Frequency Analysis: information Content X Arrow Inclination

Restricted Response Condition

Angle x2 df - p
0 1,58 2 | .50
22.5 2.03 b .80
L5 2.30 ! .70
67.5  1.12 2 .70
aG * % ¥
112.5 .87 I .98
i35 - 3.%8 .70
157.5 1,03 b .95
180 g 2 .60
202.5 6.40 b .20
225 2,29 L .50
247.5 2.28 L .70
270 L .1 2 .95
270 R 83 - 2 .70
292.5 1.79 6 .95
315 2.25 4 .70
337.5 6.61 4 .20

Note.~= * means that major{ty of responses have fallen
in a single category. .



TABLE 16

Frequency Analysis: Age X Arrow inclination

Unrestricted Response Condition

2

Angle X df p
o 13.58 3'. .01
22.5 11.22 6 10
kg L 3 .99
67.5 7.0 3 10
90 s % %
112.5 3.89 3 .30
135 L.ot 3 .20
i57.5 2.56 ) .50
180 7.49 3 10
202.5 17.97 6 | .01
225 22,47 -9 .01
247.5 23.32 6 .01
270 33.95 9 .01
292.5 16.41 9 .10
315 19.@8 6 .01
337.5 14,34 6 .05
Note.-- * means that majority of responses

have fallen in a single category.



TABLE 17

Frequency Analysis: Sex X Arrow Inclination

Unrestricted Response Condition

Angle xz df P

0 9.78 1 .o

| 22.5 3.06 2 .30
; b5 2.22 2 .50
67.5 3.08 2 .30

90 ¥ # *

112.5 .70 2 80

135 1.90 2 .50

157.5 2.6 z .50

180 4.52 2 .20

202.5 36.02 5 .ol

225 6.94 5 .30

247.5 12.81 5 .05

292.5 7 12.98 3 .01

315 6.06 5 .50

337 6.66 4 .20

Note,-~ % means that majority of responses
have fallen in a single category.




TABLE 19

Frequency Analysis: information Content X Arrow Inclination

Unrestricted Response Condition

Angle xz df D

0 2.42 2 .30
. 22.5 2.24 b 70
? 45 4,36 b .50
67.5 .69 2 - .80

90 ki W %
112.5 1.09 2 .70

135 2.39 2 50

157.5 5.68 b .59
180 .34 2 .90
2025 3.2 6 .80
225 2.68 6 .90
247.5 1.1 b .90

270 42.61 2 .01
292.5 1,92 8 .99
315 1.73 I .80
337.5 2.88 6 .90

Note,-- % means that majority of responses have fallen
in a single category.
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TABLE 19
\_\ _ Experimental Sequences
 Sequence Angular Inclinations Visual Representation
in Degrees '
e 2. 3. b Y. 2. 3. b

1. b5 0 7 B

2 b5 315 v A

3 45 L5 w 7

4 90 0 A B

5 90 315 4 =&

6 90 U5 h W

: 7 350 A P

8 315 45 A 7

9 315 45 A 7

10 270 0 ¥ »

11 270 45 L 4

12 270 315 v »

3 135 180 w
| th 135 225 < A
15 135 135 v W
16 90 180 &, <

17 90 225 A P

18 S0 135 A w
19 ©225 180 - A <

20 225 135 A w

21 ' 225 225 & py

iy
N




TABLE 19
: Continued
Sequence Angular Inclination Visual Representation
L In Degrees
N P T . > L 2. 3. b,
‘ 22 - 270 180 \'4 <
23 270 135 4 e
24 270 225 v &
25 90 90 90 180 A A A <
26 135 135 135 180 v w % <
27 135 135 135 13 v v 9w %
| 28 90 90 90 135 s A A W®
29" 90 90 90 225 A A b e
30 135 135 135 225 v % w 4
31 i35 90 90 180 w A A @
32 135 135 90 180 o & A <
33 35 90 90 135 o A A W
3l 135 135 '90 135 « w4 w
35 135 90 90 225 ® A A &
36 i35 7135 90 225 w w & &
37 90 135 90 180 A w & <
38 90 135 135 180 A R W <
39 90 135 90 135 A w & =
{+o 90 135 135 135 A ® ¥ A
L 0 135 % 25 A w A a
42 90 135 135 225 A v oW &

i
(831




TABLE 1.9

Continued

Sequence Angular Inclinations Visual Representation
In Degrees
1. 2, 3,k 1, 2. 3. 4,
43 90 90 135 180 7. A W -
Ly 135 90 135 180 w & w &
b5 90 90 135 135 A & - S 4
16 135 90 135 135w A 0w w
L7 90 90 135 225 & A W 4
48 135 90 135 225 w A &
b9 90 90 90 0 L
50 bs b5 45 0 ¥y v oy P
51 90 90 90 4§ & A & 5
52 A T T A A
53 90 90 90 315 A & A A
5L bs 45 90 315w w A &
55 45 90 90 0 7 A A p
56 45 45 90 O y w A P
57 b5 - 90 90 k5 s A 4 g
58 bs b5 90 4 b4 =4 A b4
59 b5 90 90 315 v A A £
60 b5 b5 L5 315w s A b
61 90 k5 90 0 A ¥ B P
62 90 45 45 0 % 5 s o
63 90 45 90 45 A 4 A v

57
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Visual Representation

TABLE 19

Continued
3.

L5 b5

90 315
Ls

b5

s

In Degrees

hs
5
b5
90
90

Angular Inclination
2.

90
90
90
90
L5

6l
65
66
67
63

Sequence

LMy [T | 2a w [Ta¥ Ly
in (K — ~— — n Lt [ Ta — [ 29 -
e g o [l < oy By () o - o 2 - o 12

jo o] < =] < jo] [ o < [Xa¥ ¥4
N u [Fo¥ w P~ ~ r~ P~ ™~ P~ ~ ™~ ~ -~ —
= - Py = (3 o o™~ ol o~ o o~ o~ o oMy ™

[ o < o ) [} [¥2Y n Lea o o
< < < <> Fa P~ P ~ e fa = o - e P~
(o) [ea) (o2} N od ] ™~ o Y ol o o o [l o

© (o] (e [ [Ta¥ [¥29 o o [es] < <
< [Fq} Q Ly M P~ ™~ - - -— e I~ P ™ ™~
o0 =3 [on g L] [a) o~ o o o o o o ™~ o~
o < - e~ Y =t 22 pre) ™~ 0] (o o N o
p¥e] P~ P~ o~ [t ™~ i~ ™~ | ~ ™~ [+o] o 0 o

270 315 45

270

8L




TABLE 19

Continued

7 Sequence Angular inclinations Visual Representation
In Begrees
1, 2, 3. b, 1. 2, 3. b,

85 315 315 315 0 B A A b
86 315 315 315 315 A A A A
87 315 315 315 45 A A A ¥
88 315 3i5 270 0 ' AN
89 315 315 270 315 A 4 0V '
90 315 315 270 45 U N 57
91 270 315 315 0 Y A B +
92 270 315 315 315 v A & #a
93 270 315 315 45 v o A ¥
54 315 270 315 O n Y A B
95 315 270 315 315 A ¥V A a
96 315 270 315 L5 A v A ¥
97 270 270 270 180 v vV ¥ o«
98 270 270 270 135 W vy %Y w
99 270 270 270 225 v v YV 4
100 225 270 270 180 & V¥ v @
101 225 270 270' 225 & v VA
102 225 270 270 135 P
103 270 225 270 180 v ¥ o
104 270 225 270 135 v V W
105 270 225 270 225 v 4 v o4&




TABLE 19

- Continued

Sequence Angular Inclinations Visual Representation
In Degrees

1. 2. 3. b, -1, 2, 3, b
106 270 270 225 1Sb v v A <4
. 107 270 270 225 135 0V 0V & W%
108 270 270 225 225 ¥ YV & &
‘l 109 225 225 225 180 & - & <
110 225 225 225 135 A& & & W
T 225 225 225 225 4 & & &
112 225 225 270 180 & & YV @&
113 225 225 270 135 & A& ¥ w
114 225 225 270 25 & & ¥ &
115 270 225 225 160 W A & <
I 116 270 225 225 135§ & & W
117 270 225 225 225 0V @ A& & @ &
118 225 270 225 180 e Vo & -
119 225 270 225 135 4 Vo & w
120 225 - 270 225 225 4 v o A
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Number of Different Categorical Responses

TABLE 20

to Arrow Sequences

AV

Sequence _ Number of Categories x2 df D
_ Undistracted . Distracted
uninformed informad uninformed informed
i 5 6 5 h .20 1 ns
2 8 7 7 6 .00 1 ns
3 8 6 6 4 .02 i ns
L 3 L L Iy .08 | 1 ns
5 8 5 5 6 .62 1 ns
6 8 5 5 b .08 1 ns
7 6 4 5. 6 Al [ ns
8 10 7 7 5 .00 1 ns
9 9 5 8 & 15 1 ns
10 6 L b 6 .80 1 ns
11 6 5 b 5 .20 t - ns
12 8 5 5 5 .30 1 ns
13 6 5 5 4 .00 1 ns
h 8 ) 7 5 .00 i ns
15 8 8 8 5 .39 1 ns
16 5 L 3 b .25 i ns
17 8 3 5 5 1.15 1 ns
18 8 5 b Iy 30 ns
19 9 5 4‘ 6 1.39 1 ns
20 9 6 r 8 5 .01 1 ns




TABLE 20

Continued
Sequence Number of Categories xz df D
Undistracied Distracted :
uninformed informed uninformed dinformed
21 10 6 8 6. .08 1 ns
22 5 5 5 5 .00 1 ns
23 7 6 5 4 .00 1 ns
b 8 5 6 6 .33 1 ns
25 1 8 8 8 .22 1 ns
26 ih th 12 8 A7 1 ns
27 12 13 g 8 .08 1 ns
28 13 9 9 8 .00 [ " ns
929 ik 9 7 11 1.95 i ns
30 17 12 17 S .26 i ' r-s
31 11 10 8 8 .02 i ns
32 14 10 10 9 .13 1 ns
33 17 1 12 7 02 1 ns
34 15 1 it 8 .00 i ns
35 15 10 11 9 R ns
36 16 10 11 7 .00 i ns
37 13 1 9 8 .01 1 ns
38 13 9 g 9 33 1 ns
39 15 - 10 10 .24 1 ns
[y} 15 11 8 8 .24 1 ns
LIBRARY

michigan departiment of
stale highways

LANSING




TABLE 20

Continued

64

- . Seguence | Number of Categories X df P
= Undistracted Distracted
uninformed - informed uninformed informed
L 16 H 11 g .09 1 ns
42 16 10 12 10 .12 1 ns
h3 13 9 S 8 Al 1 ns
bl 13 10 10 8 .00 1 ns
45 14 8 10 8 .27 1 ns
L& 13 10 9 6 .04 1 ns
L7 15 9 9 9 .66 1 ns
48 12 12 11 9 .35 1 ns
ho 12 8 8 8 .36 - 1 ns
50 13 10 H 8 .01 1 ns
51 13 6 it 8 h5 1 ns
52 16 12 13 - 10 .00 1 ns
53 17 8 15 9 3.27 1 ns
5l | ik 10 12 9 .00 1 ns
55 12 10 6 10 1.07 1 ns
56 1R 7 11 10 .33 1 ns
57 13 10 10 8 .00 1 ns
58 16 10 11 8 .06 1 ns
59 14 11 10 10 .16 i ns
60 S 17 15 13 8 40 1 ns




TABLE

o

e
k2

Continued

()Y
183

Sequence Number of Categories X df )
Undistracted Distracted
uninformed informed uninformed informed
61 i3 9 9 8 .15 1 ns
62 13 12 10 8 .10 i ns
63 15 8 10 8 4o 1 ns
6L 15 11 i1 8 .00 1 ns
65 16 11 1 10 .23 1 ns
66 14 i1 12 9 .00 i ns
67 o g 9 8 .25 1 ns
68 1A 9 10 9 .02 1 ns
69 1 9 10 8 12 3 ns
70 i5 9 13 8 . 00 i ns
71 15 9 11 9 7.h8 1 L0
72 14 12 12 9 .05 1 ns
73 13 14 8 12 .30 i ns
74 14 i 12 12 A7 i ns
75 13 1 1 1 .08 1 ns
76 i5 1 1 IRk .28 } ns
77 16 17 12 12 iy 1 ns
78 17 12 i1 1 .37 i ns
79 12 10 13 i3 .09 1 ns
60 16 14 12 12 .05 1 ns




TABLE 20

66

Continued
- Sequence - Number of Categories xz. df D
: Undistracted Distracted
81 17 i0 11 10 54 1 ns
82 12 R | 12 H .00 1 ns
83 16 12 10 12 .67 i ns
8L 15 10 11 11 A7 1 ns
85 17 i1 14 LR .12 1 ns
86 20 13 i6 12 .07 1 ns
87 19 12 16 11 .02 | i ns
88 16 10 g 11 1.24 1 ns
89 15 8 15 12 A8 1 ns
90 13 12 17 11 i i ng
91 15 8 7 13- 3.90 i A5
92 18 12 i 12 .22 1 ns
a3 17 12 14 10 .00 _1  ns
9h 14 10 15 14 .23 1 ns
95 15 12 th 15 .29 1 ns
96 17 12 12 16 1.42 1 ns
97 11 10 11 12 .09 1 ns
98 i3 9 9 11 .83 1 ns
99 15 9 10 12 1.34 1 ns
100 15 9 10 14 2.08 i ns




67

TABLE 20
Continued
i Sequence Number of Cateqories x> df P
& Undistracted Distracted
ininformed  informed  uoinformed  informed
101 17 10 12 12 .87 1 . ns
102 15 10 1 Ti L7 i ns
103 13 10 1 10 .07 1 ns
104 16 1 15 10 .00 1 ns
105 18 10 ih 12 .61 i ns
106 11 10 10 12 .30 1 ns
107 17 10 13 11 A0 i ns
108 17 14 i2 12 .13 1 ns
1ng 14 2 16 1 1o 1 ne
10 16 12 12 11 1.79 1 ns
T 20 12 17 12 .09 i ns
112 13 11 12 - i2 .08 i ns
113 17 11 13 11 .22 T ns
114 17 12 i5 12 . G5 1 ns
115 14 9 i1 1" .53 1 ns
116 17 i1 13 H .22 1 ns
117 18 12 10 10 A48 1 ns
118 15 8 13 13 1.16 1 ns
119 18 10 13 12 .81 1 ns
120 18 1 13 12 .55 1 ns




TABLE 21 -
Means and Standard Deviations of Latencies

on Arrow Seduences

Sequence Condition
* Undistracted ' Distracted
unigfgiggﬁ informed Hﬂiﬂfﬂiﬂﬁﬂ informed
1 MEAN 1.68 1.81 1.77 1.93
S.0. .33 .38 .53 Y
2 MEAN i.71 2.12 1.78 1.82
5.0, .3 .56 71 .28
3 MEAN 1.53 1.90 1.5h 1.81
$.D. .23 , g A2 .51
L MEAN 1.5 1.98 1.60 1.80
5.0, .28 b .36 .37
5 MEAN 1.58 1.92 1.60 1.97
s.D. 4o .58 .26 b6
b MEAN 1.53 181 1.77 172
5.0, 22 .36 Y .30
7 MEAN 1.70 1.85 1.86 2.02
$.D, 47 .38 .58 55
8 MEAN 1.60 1.91 1.76 2.04
5.D. . .29 . .38 b2 46
9 MEAN 1.74 1.68 1.68 1.77
5.0. .55 .38 Lk b2
10 MEAN 1.62 1.81 1.77 1.96
5.0, gt .36 .33 .51
11 HEAN 1.7 2.09 1.48 i.81
S.D, , .39 s .25 bl
12 MEAN 1.65 2.06 1.80 1.99
5.0, .25 .38 h9 .35
13 MEAN 1.72 1.86 1.67 1.98
S.D. , 26 .37 L34 .60
1L MEAN 1.7h 1.99 1,66 1.90
©&.D, .36 .52 .65 .61
)




TABLE 21

5.0, .39 40 .35 g

CONTINUED
Saguence Condition
Undistractad Distracied

uninformed - informed uninformed - informad
15 1ZAN 1. 74 2.00 1.66 - 1.94
$.D. 48 s A7 .72
16 220N 1.60 1.80 1.47. 2. 00
5.0. .23 | 43 .32 A0
17 MZAN 1.66 1.92 1.82 1.97

$.0, .33 L3 68 : L3
18 MEAN - 1.67 1.94 1.48 1.89
s, .30 2 .00 5
19 HEAN 2,62 - 2.55 2.58 C 2,22
S.D. 1.47 .87 .97 . .53
20 MEAN 1.61 2.20 1.62 1.9k
S.0 .31 1.00 . L6D . At
; S.D. .28 .39 48 .65
| 22 MEAN 1.74 2,03 1.76 1.98
S.D .32 62 s .30
| 23 uean 1.58 . 2.07 1,97 1.90
: $.D. 43 .39 0 ‘ Lo
i 24 pean 1.66 2.05 1,76 1.96
$.D. .23 .39 .50 .05
: 25 §zAN 1.56 1.77 1.52 1.69
- 5., .3l A2 28 .32
f 26 MEAN 1.68 1.81 . 1.52 1.72
: S.D. .35 33 - .38 Y
j 27 nrpy 1.71 1.84 1.8 1.67
$.D. iy L6 ' 56 0
28 yeay 1.63 1.83 1.43 1.77
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TABLE 21

CONT VLED
Szsauancs Co: icn
Undistractad Disgraciad
unintormad dntorned usinformad Inrormed
43 MIAN 1.67 2.00 1.56 .79
$.D, A3 . Bl .29 .51
bh e s 1,55 1.94 1.50 .87
S.0. . 25 A7 .34 .48
b5 MEAN 1.54 1.89 1.47 .70
S.D. 3k A5 .24 .38
L& ngEaN 1.82 1.80 1.96 .99
$.D. 43 .86 .67 .75
L7 wEan 1.58 1.95 1.63 .89
5.0, .30 .52 .38 .56
L8 wrman 1.81 z2.13 1.61 2,19
3.0, R 50 .33 .70
49 zan 1.59 1.77 1.50 .70
5.0, .30 .39 .23 .31
50 MEAN 1.89 1.73 1.59 8l
S.D. .70 .34 .31 .63
51 MEAN 1.56 1.82 1.59 .75
$.D. .28 LA Ry N
52 MEAN 1.49 1.79 1.49 6l
S.D. 4o .30 .36 .38
53 MEAN 1.72 1.85 1.75 .79
5.0 40 .51 .60 Ly
54 AN 1.58 1.93 1,60 .30
5.0, .30 .50 .36 , 96
55 MEAN 1.52 1.96 1,52 .89
S.D .21 .68 L .59
56 MEAN 1.70 1.91 1.52 .95
5.0. ko .53 .30 by

7L



T2

TABLE 21

CONTINUED

Saauence Condition
Undistraciad Disvracted
unlovermad informed wnintormod inrormed
57 MIAN 1.52 1.80 1.57 1.79
$.D. .27 L3h .56 At
& 58 MEAN 1.60 1.88 1.51 1.76
- 5.0, .26 .51 .31 .54
59 MEZAN i.80 2.10 1.77 2.10
$.D. 50 Lbs 43 .65
60 HEAN 1. 64 1.91 1.63 1.87
5.0, .37 .52 Lo .56
61 MEAN 7.68 1.91 1.58 1.89
S.D. .31.!, -L‘B .35 ’ ol‘l‘.]
62 MEAN 1.69 2.01 t.64 1.90
B 5.0. .35 .61 . 35 .6U
63 MEAN 1.67 2.08 1,56 1.83
5.D. 5L .50 s A9

6l MEAN

1.58 1.82 1.58 1.73

5.0, .29 .29 ' .37 Lo

65 MEAN 1.65 1.95 1.7h ‘ 1.90
$.D. .28 A7 .63 vt

66 MEAN 1,61 1.93 1.59 1.87
5.0, .31 b2 .38 iy

67 MEAN 1,67 1,80 1.58 1.92
$.0. .39 L3k .50 54

68 MEIAN 1.80 2,02 1.82 1.84
- S.D 53 45 1.00 b5
69 MEAN 1.48 1.82 1.55 1.62
5.0, .24 .60 .39 .72

70 MEAN 1.73 1.96 1.65 1.8

S.D. 6 .39 48 .38




TABLE 21

CONTINUED

Sarvence Condition
! I T N A ST m e e e
; AL SIrasTad LisTuraaoed
| ] ; s P :
b . ur Teformad informad uninfoirmed informasd
Bl abiyzd EALTARSLIULSS) Harnlaines RALERST NIt

o 71 REAN 1.64 1.87 1.67 1.79
N 5.0, .32 b5 149 .38

- 72 VELN 1,68 1.97 1.63 1.76
" §.D. .28 Lk - .56 .72

iyl
.98

73 MEAN 1.90 2.16 2.05
o

.62 .80 .10

—
- N

7 uEAN 1,71 2.12 1.58 1.93
$.0, .58 .75 | 48 .50

75 KIAN 1.69 2.16 1.76 1.97
5.0, b2 .76 B85 _ A7

76 MEAN 1.61 1.95 1.56 T.94
S.G. 2k .55 L2k .55

77 MEAN 1.55 2,01 1,60 1,79
$.0. 26 .56 4o ho

78 MEAN 1.64 1.91 1.60 1.81
5.1, .31 i3 40 il

79 MEAN 1.9k . 2.06 1.76 1.93
5.0, .70 .5h .ha ' Lo

80 MzaN 1.58 2.10 1.56 1.80
5.0, .20 48 .33 146

81 yeay  1.57 2,01 1.58 1.90
5.0, .30 k8 A2 45

82 MEAN 1.54 1.85 . 1,62 1.88
$.D. .32 .35 g .51

83 vean 1.51 1.86 1.68 1.79
D, .25 .29 .52 49
8l wean 1.56 1.88 1.65 1.98

5.0. .27 34 .62 .65




Sawuance _ Conaition
Lknoistractad visiracted
uninformed informed uniaformned informad

85 mzan 1.56 1.86 1.50 1,74

$.D. .23 b 4o Ao

86 1zaN 1.57 1.71 1.59 1.66

$.0. .26 b 48 A2

87 pEaN 1.60 1.86 1.49 o 1.92

§.0. 43 .52 .31 .53

88 uzan 1.68 2.06 1.67 1,86

5.0. .36 58 .35 .50

89 MEAM 174 1.99 1.62 1.87

$.D. 2 b2 .25 _ .78

90 HEAN ' 2,34 2.h2 2.52 2. 74

8.0, , 87 7k 1.39 1.79

91 MEAN 1.85 2,23 2.13 2.16

5.0, A6 .85 .86 .89

92 MEAN 1.60 1.91 1.56 1.77

5.0, .30 s A Y

: e L6 o 19 e Ly
5.D. .35 .51 .37 .50
O ey 1.97 2.02 2,16 2,20

$.D. .69 .52 1.48 .59

95 MEAN 1.79 1.91 1.57 1.80

$.D. .57 .39 .29 .37

= 96 pean 1.73 2.09 1.63 1. 94
P 5.0, . .36 .62 A5 50
97 oA 1.71 1.88 1.56 1.72

5.0, 48 7 .35 L34

98 vray 1,64 - 1.99 1.68 1.85

5.D. .32 .LI-S .37 -58




Sanuance Comdition
Locisgractad Bilgstrezohod
uninformad informad uninformed informad
; 9G AN 1.53 1.77 1.69 1.79
$.D. 3k .33 .5k .50
S 100 MZaN 1,54 1.81 1,53 1.85
Tj 5.0, .21 .29 .37 .38
101 w2aN 1.60 1.85 1.68 1.81
$.0, bk 61 L7h .38
102 iz 1.65 1.90 1.77 1.91
$.0, .39 3l .39 A7
103 wEaN 1.78 1.94 1.69 1.83
g $.0. 49 .27 Az , .35
| 104 MEAN 1.62 2.02 1.64 1.94
$.D. .23 e T b5
105 pzay 1.67 1.99 1.54 1.87
5.D. .34 b9 .58 A7
§ i 106 pEAN 1.64 1.94 1.63 1.84
5.0, .33 .62 L L
L

iﬁi 107 pMzaN 1.63 " 1.98 1.62 O 1.79
" $.D. .36 .70 43 .28
o 108 zan 1.74 2.02 1.80 1.89
= 5.D. ik .58 6 S
‘ 109 pran 1,661 i.82 1.63 1.78
= $.D. A0 g .63 A0
110 MEAN 1.56 1.96 1.67 2.00
S.D. .22 .52 RV .68
L 11 ey ‘ 1. kb 1.72 1.57 1.66
1]{ . 5.0, .26 R b3 e
112 opy 1.69 S 2.0h4 1.56 1.72
J $.0. .36 .53 .27 .38




TABLE 21

Continued

Sequence _Condition
L Undistracted Distracted
ELJ EﬂiﬂforWEﬁ informed uninformed ~informed
113 MEAN 1.62 1.91 1.65 2.00
$.D. .33 .39 Ag g
, 114 MEAN 1.76 2.06 1.66 2.01
: 5.D. .38 .62 2 .53
| 115 MEAN 1.52 1.87 1.57 1,74
5.0, .22 .32 0 b5
116 MEAN 1.66 1.92 1.54 1.99
$.D, .31 .58 Lo .50
117 MEAN 1.85 2.21 _ .69 1.75
S.D, 52 .76 .56 A9
118 HMEAN - 1.70 2.03 2.29 2.32
5.D. .27 R 1.20 1.39
L 119 MEAN 1.69 2.0l 1.6 2.07
' S.D. .38 .63 .38 .60
120 MEAN 1.59 1.90 1.65 1.89

5.0, A0 .60 A6 62
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