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INTRODUCTIO;,J 

This report summarizes the results of two laboratory 

experiments designed to yield information regarding the 

effective utilization of arro1-rs in highway guide signs. The 

~ 2.£ Uniform Traffic Control Devices (1971) makes several 

specific recommendations with regard to the use of arrows in 

guide signs which have led to a number of standardized sign­

ing practices. For example, the manual recommends horizontal 

arrows for right angle intersections, vertical up-vrard for 

straight through movements, and arrov/S for turns at angles 

T .. "'i ++1 1':'1 rnf"\,....,..., +V.~-n +_l-,,...,0~ 
--- ........ __. .......... _ ................ ¥ ......... ~ ... ""' .......... 

suggestions seems to be available to the Traffic Engineer in 

his attempts to design efficient information displays con-

taining arro;;s as directional devices. In a recent review 

of the literature Zajkowski s.nd Satterly (1970) cite a number 

of studies concerned with the elements involved in the design 

of signs tncluding shape; dimension and size of the sign; use 

of words or symbol messages; lettering visibility and legibil-

ity; color; reflectorization and illumination. However, few 

studies were found >ihich dealt with the effective utilization 

of information on signs con ta.ining directional s.rrows. In 

tl·ro of .these studies (Enustun, 1964; '.Hley, 1964) it was 

suggested that vertical upHard or upward slanting arrows be 

used in advaetce of a crossroad or ramp and that domn;ard 
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slanting arrows be used at the point of turning 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 a reduction in driver complaints. 

Enustan suggests that the adoption of this principle "on a 

nationwide basis would eliminate the possibility of mislead­

ing the motorist." It is the contention of the present 

investigator that such use of arrows on informational guide 

signs may be both valid and highly desirable. 

Ho>Tever, before such a recom!llendation can be implemented, 

it is necessary to determine the conditions under l'lhich 

directional arro•,;s may be able to enhance the information 

extraction _;>recess. The present investigation -.;as conducted 

to provide information ~.bout several of these import:on t 

conditions. Specifically, before any modification of present 

signing techniques is undertaken, it behooves us to examine 

the possibility that well established stimulus response 

associations (population.stereotypes) may already exist for 

the materials under consideration. If the existence of stereo-

types can be demonstrated, then the changes in these associa­

tions caused by signing innovations must be examined. A 

benefit of such an analysis is that it permits the introductl.on 

of changes in associations where dl.sruption will be minimal. 

In addition to the analysis of the problem of habit 

competition, information regarding the relative interpreta-

bility of arrow aiming devices in various angular inclinations 

is of utmost importance in guide sign design. Since sueh 

signs are intended to communicate information sYmbolically, 
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the effectiveness of these symbols must be closely scrutinized. 

Experiment I of this investigation provides data with respect 

to both population stereotypes and symbolic meanings. It is 

clearly not sufficient to examine arrow aiming devices in 

is?lation from the conditions in which they are presently 

used or vrill be used in the near future. Certain of these 

conditions are inevitably experienced under normal diving 

conditions. Among these are sequential information processing, 

varying frequencies of information sources, and various dis­

tractions. Experiment II was designed to examine several of 

these variables. 

Thus the intent of the present investigation is to provide 

the preliminary information necessary to the design of a full 

scale field study of the innovative use of directional arrows 

in high;.ray guide signs. 

Experiment I 

The experiment followed a basic 9(arrow inclination) x 

2(arrow vertical orientation) x 3(informational content) 

factorial design 1-Ti th repeated measures on all factors. A 

description of each of these variables as well as the ration­

ale for their inclusion in the investigation is given below. 

Arrow Inclination 

The inclusion of this factor in the investigation is 

obvious in that angular inclination is the basis for communi­

cating directional information in many highway guide signs. 

The fact that this vari.able has also been a key element in 
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several current and recommended signing standards constitutes 

further justification for the examination of its differential 

effects. The specific levels utilized are given below in 

Table l. 

Table l. 

Angular Inclinations Used in Experiment I * 

Uuward Orientation 

22t 0 

45 ° 
67t 0 

90 ° 
112 ° 
135 ° 
157t 0 

Horizontal 

0 0 

180 ° 

Dowm·rard Orientation 

202t 0 

225 ° 
247t 0 

270 ° 
292il' 0 

315 ° 
337t 0 

* 0° refers to an arrow· wh"lcb is horizontal and 
pviutir..g tv ·~l-.~.t; .L lesi..1. ~ (::l..u.u t.one .cewaJ.n:.t.Hg incJ.::t.na Ll.ons 
read cou.nter-clocbrise from that. position. 

The 0° and 180° positions represent perceptu.a.l anchor 

points since they may be construed as belonging to either an 

4 

u:;nmrd or dowmmrd series. The seven positions of· the downward 

orientation are considered to be the inverted analogies 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 directionality to 

drivers. Ho1vever, the inclusion of a >vide range of arrow 

positions in this investigation perwits an analysis of the 

unique discriminant po;>er of each position. Thus, recommenda-

tions regarding the utilization of particular arroTrT positions 

can be made on the basis of their ability to communicate 



instructions and their oonfusability with other positions. 

Arrow· Vertical Orientation 

As indicated in Table 1. two major groupings of arrow 

inclinations 1-rere studied. These major groupings refer to 

the vertical orientations of the arr01r head (up-ward and do>m­

ward). In light of the Wiley (1964) and Enustun (1964) sug-

gestions and because of existing signing practices in the 

differential use of arrow vertical orientations, a thorough 

analysis of this variable was considered necessary. There is 

the distinct possibility that general upward or downward 

orientations are capable of producing unique responses. If 

such response differences exist they may be utilized to 

enhance driver choice behaviors. If no differences are 

unnecessary or superfluous design practices in guide signs. 

5 

It should be noted that because of their obvious relationship, 

the angular inclinations were designed to be isomorphic within 

the vertical orientations in order that possible interaction 

effects could be studied. 

Information Content 

Highway guide signs containing arrows are often combined 

w1 th other types and amounts of high1-vay information. Since 

such combinations of information seem to be the rule rather 

than the exception, an examination of the interactions of 

several selected types of information with directional arrows 

1-ras made a part of the present investigation. Three types of 

LIBRARY 
michigDn department of 

'itate highways 

LANSING 
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situations were used. In situation one, directional arrm·1s 

were presented alone. This type of stimulus permits the 

establishment of base line behavior to be used in comparative 

analyses of the other situations. In situation two, the 

additional information consisted of a route number; This 

combination of information is often encountered in intercity 

driving. ·The specific route number on the signs was selected 

from a table of random numbers to prevent any previously 

learned associations fro:n having an effect. The final infer­

rna tion situation combined a street name >vi th a directional 

arrow, a situation often encountered in urban driving. The 

particular street name was selected on the basis of its 

relative freedom from specific stimulus-response associations. 

The three conditions of this variable have been labeled sym­

bolic, numberical, and verbal, respectively. 

It has been demonstrated in the psychological literature 

that stimuli of the type described above interact signifi­

cantly 1-Ti th the type of re.sponse required of the subject to 

produce stimulus response compatabilities. Thus, because of 

the fact that these conditions presently exist on the hie;hwa.y 

and because of their psychological significance, this variable 

is of particular interest. 

Subjects 

Ideally, the subject pool for an experiment of this type 

should represent a sampling of all age ranges from the actual 

population of drl vers. The inclus1.on of such a rctnge permits 

6 
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the determina.t:i.on of age related differences in the processing 

of traffic sign information as well as providing a sound foun­

dation for the generalization of results. Table 2. gives the 

age ranges and frequencies of subjects included in the 

experiment. 

Table 2. 

Age and Frequency of Subjects 

-----------A~-g~e--------------------~F~r~~~------·------
16-25 
26-35 
36-lt5 
46-55 

20 
20 
20 
20 

Subjects were selected randomly from among the students 

and faculty of Wayne State University and from among respond-

ents to advertisements placed in the campus and daily news­

papers. The only restrictions placed on the subjects in the 

investigation were that they had to be a licensed driver and 

have normal vision either corrected or uncorrected. Each 

subject was paid ~3.00. 

Originally, it was planned to include age groups in the 

56-65 and 65-over age ranges. However, it proved to be 

extremely difficult to obtain volunteers in these age groups. 

Consequently, the data obtained from the several volunteers 

obtained in these age ranges, were not included in the final 

analyses. Interestingly, preliminary data analyses suggested 

that the performances of these individuals was not sign:l.fi-

cantly different from several of the younger age groups and 



in some instances showed a decided superiority to them. 

Apparatus 

The e~uipment used in the experiment was of standard 

manufacture. Thus, a general description of the e~uipment 

configurations and their operations will suffice here. A list 

and manufacturer's description of the e~uipment is given in 

Table 12 of Appendix I. 

8 

The eg_uipmen t ;.1as designed to serve three basic functions: 

the presentation of stimuli, the control of stimulus duration 

and interstimulus intervals, and the measurement of the sub­

jects 1 response latencies. The length of stimulus duration 

was set by determining the a.pproximate amount of time that a 

directional sign is available to drivers for processing. This 

measurement, taken at maximum speeds on 8 freewAy, h~n An 

approximate average of five seconds. The interstimulus 

interval was determined by the purely pragmatic consideration 

of the time necessary to record the subjects' responses. 

This process required approximately ten seconds. 

Upon the start of the experimental sequence the experi­

menter manually activated the timing sequences. From the 

time of this activation, a decade interval tl.mer measured a 

ten second interval. At the end of this interval a second 

decade interval timer was ac ti va ted. This second timer ser>ved 

two functions. First, when activated it adv1'mced the slio.e 

projector to the next st.lmulus position. ::Iowever, in order 

to assure that the stimulus duration was held constant, a 

dela3r between slide chanc:;e and sti.ruulus exposure 1-iaS considered 
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necessary. Thus, the second timer was also used to time a .05 

second interval, at the end of which a relay activated an 

electronically timed and con trolled tachistoscopic shutter on 

the slide projector. This shutter exposed the stimulus mate­

rial for a duration of five seconds. Simultaneously with this 

exposure, a synchronized pa.ssive relay closure on the shutter 

control activated both a voice key and a standard clock timer 

which measurc,d the sub,jeot's response time. \{hen the subject 

vocalized his response, the circuit on the voice key was 

completod, the latency timer stopped, and a new stimulus 

sequence was initiated. In the interval between the subject's 

response and a new stimulus, the experimenter recorded both 

the subject's latency and his categorical response. 

The stimuli in the experlment were dra1m to half scale, 

on artboard, in shapes corresponding to the recommendations 

of the Hichie;an Nanual of Uniform Traffic Control Devices. 

This hard copy -,·m.s then photographed against a green back­

ground to produce 35rmu col.or transparencies which served as 

the basic stimuli. The specific content of the slides is 

discussed in the following section. 

J'..£2~£ 

The basic set of information to which each subject was 

exposed consisted of depictions of the sixteen arrow incli.na­

tions described in an earlier sect:i.on.. This oasic set of 

information Has displayed alone' (arro~>l alone), with verbal 

information (street name), and with numerical information 

(route number). I~Js, each subject was exposed to three sets 

9 



10 

of sixteen slides-. The route number, when used, •ras identical 

on all slides and consisted of a tv:o digit nurnber Gelected at 

random from a random number table. The street name uas also 

identical on all slides 1-1here depicted, and 1·ms selected so 

that familiarity and readability were controlled. 

A second set of slides was also prepared to gather 

information on the ability of different types of arrows to 

communicate directionality, In this instance, eight major 

arrow inclinations were combined with four different arro•• 

types. Because in this analysis the interest was pr5.marily 

on the impact of the arrorrs rather than the arrow inclinations, 

the number of inclinations was restricted to the eight con­

sidered to be the most unequivocal. Therefore, in this set, 

only the 0°, 45°, 90°, 135°, 180°, 225°, 270°, and 315° incli­

nations vrere used. The arrows used in this comparison are 

named and scaled according to the standards set by the 

:1<1ichigan State High1vay Department. One arrow type was the 

"Down 11 arrovr. This arrow is a short and str101.igh t-shafted 

arrow vrhose arrovlhead >fidth- to-length ratio considerably 

exceeds a value of 1.00. The type "A" arrow is relatively 

short and taper-shafted vdth a rather broad head having a 

width-to-length ratio greater than one but less than that of 

the do1im arroVI. The type "B" arrow is also a taper-shafted 

arrovl .-;hose overall length and arroVIhead length are somewhat 

greater than that of the type",A" arrow. These dimensional 

changes create a casual impression of greater "arro1cmess". 

The final arrm·r was a type "G" arro;;, This arrow is typically 
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used on Hichigan Route ll;:ark.er .Arrow· Panels. It is a relatively 

long straight-shafted arro<r whose arrowhead width-to-length 

ratio approached a value of one more closely than any of the 

other types, creating an even greater impression of 11 arro•mess 11
• 

Several random orders of the slides vrere constructed to control 

order effects. One half of the subjects in each experimental 

group received one of the random orders and the other half 

the second rsndom order. 

Each of the experimental age groups was constituted so 

that half of the subjects were male and the other half fe­

male. This permits an analysis of the data using sex as a 

moderator variable. 

Another procedural variable of considerable importance 

deals with the amoWlt of freedom that subjects had in •rhich 

to make categoric~d ·judgments in the present experiment. 

Since the amoWlt of constraint placed on the subjects' re­

sponses can make a significant; difference in the type of data 

one obtains, it i'fas decided to use two conditions of constraint. 

One half of the subjects were given instructions that they 

were to respond to each slide presentation with a tixed set 

of responses. Table 3. lists· the responses vfi th lfhich these 

subjects were to respond. 
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Table 3. 

Response to stimuli for Constrained Group 

A. 1-faintain present course 

B. TUrn off here (left or right) 

C. Adjust course ahead (lef"t; or right) slow·ly 

D. Adjust course ahead (left or right) quickly 

---·---------·---------------
The rems.i.ning half of the subjects ·were given the 

responses in Table 3. BS examples of responses that they could 

make, but vrere told that they should give vrhatever response 

they felt was appropriate. Thus, this group was unrestricted 

in their responses, 'l'he responses of the subjects under 

these tw·o conditions of constraint wel'e then compared in 

Before beginning the experiment, each subject was shovm 

a short set of demonstration slides to insure that he under­

stood the procedure. Each subject -vras told to respond as 

quickly as he could after 'having made his deci.sion and out 

loud so that the voice Jcey uould be activated and the experi­

menter vlould have an opportunity to record the response. 

The complete instructions to the subjects are given in 

Appendix II. 
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RESULTS 

The results of the latency ana.lysis on the arrow inelina-

tions are summarized in Table 4. An examination of this table 

reveals that only the m2-in varia.bles of age, F(3,64) = 3.60, 

p < .05, information content, F(2,128) =.: 16.62, p<.OOl, and 

arrow inclination, F(l5, ?60) = 16.45, p < ,001 prov8d to be 

significant. A craphlcal analysis of the age variable revealed 

that a ma.jor portion of the variance contrlbuti.ng to the signif­

ics.nce of ti:J.is variable uas due to the 36-1>5 year ege group. 

!-:ore specifically, it -,las determined. that this variance could 

be attributed to two male subjects >'lhose performances sie;nif­

icantly raised the overall performance level of their group. 

·Thus, it is concluded that this significant effect is due 

primarily to artifacts within a specific group. 

The significant effect due "Go informa "Gion con ten ·c seems 

due to an average latency in 1;he numerical condition >-rhich is 

significa.n tly greater than in either the symbolic condition or 

the verbal condition, a.l though these tvo latter conditions do 

not appear significantly different from each other. Reference 

to Figure 1 indicates that tihile higher, the trends in per-

formance related.to the numerical condition follow a pattern 

similar to the other t·,,o comli tions. 

Figure 1 also assists :i.n tbe analysis of the signific~:mt 

effect due to angular inclinations. From the figure it 

appears that the 0°, 45°, 90°, ,135°, and 1'\00 i.ncl1.nations 

consistently produce shorter latencies than the other posi-

tions. It should be pointed out that none of these inclina-

tions is in a downward orientation. It vJOuld thus ·appear 

. ·--1 
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'I:able 4. 
. ----------

Analysis of Variance Summary: Latencies on Arrow Inclination 

-
Source df :HS F 

2 
- l2 w_ 

A (Objective-Subjective) 1 . 17.02 1.73 
B (Age 3 35.43 3.60 .05 .0158 
0 (Sex) 1 .27 .03 
AXB 3 39.40 4.01 .05 .0183 
AXO 1 9.58 .97 

, ... ) BXO 3 37.24 3.76 .05 .0169 
AXBXO 3 13.71 1.39 
s 64 9. ·'34 

D (Information Content) 2 45.67 16.62 .001 .0177 
AXD 2 3. 2'• 1.18 
BXD 6 l. 55 . 56lJ. 
c:m 2 1.36 .496 
AXBXD 6 3.29 1.19 
AXCXD 2 2.37 • 361 
BXCX:D 6 1.00 • 364-
AXBXOXD 6 .402 .146 
SXD 128 .274 

E (Arrow Inclination) 15 13.67 16.45 .001 .0397 
AXE 15 1.81 2.1<3 .01 .0030 
BXE '+5 2.00 2.41 .001 .0109 
AXBXE 45 1.51 1.81 .01 .0063 
OXE 15 .82 .98 
AXCXE 15 .75 .89 

.-1 BXCXE 45 .92 1.11 
AXBXCXE 1+5 1. 7'7 2.14 .. 001 .008 
SXE 960 .83 

. i DXE 30 2.63 3.35 .001 .0112 
AXDXE 30 1.16 1.48 .05 .0023 
BXDXE 90 1.09 l. 3'3 .05 .0057 
OXD:CE 30 .460 .585 
AXBXDXE 90 1.10 1.41 .01 .006 
AXOX:DXE 30 .84 1.07 
BXOXDXE 90 .'37 1.11 
AXBXCXDXE 90 .56 .71 
SXDXE 1920 .79 
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that these particular positions produce a perceptual response 

that one might conclude is a population stereotype. The 

variability in the remaining positions suggest that, at least 

in terms of latency data, these positions are more amenable 

to retraining in the form of new responses. 

The results of the frequency of categorio81 responses 

tend to confirm the above analysis. These frequency data are 

broken do1m into tv:o basic sets of analyses, those for the 

res trio ted oondi tion and those for the unre,stric ted response. 

We shall deal with the results of the restricted data first. 

The frequency distributions of the categorical responses to 

the various arrovl inclinations are summarized in Table 5. 

Table 6. summarizes the statistical analyses of the fre­

Quency data in Table 5. :rhe ds.ta in this table clearly 

16 

reveal that arrow inclinatlons in an upward and horizontal 

orientation have specific meanings attached to them. In each 

of these orientations, there is a single category of response 

;rhich accounts for most o.f the responses to that specific 

stimulus. Examination of Table 6. gives the categorical 

response of highest frequency vrhile cross reference >11th Table 

5. provides verbal labels for these numerical categories. 

It is equally clear that dowmmrd or:\.ented inclinations are 

much less consistent in producing stereotypic responses 

except for the 270° inclination. This data tends to substan­

tiate the latency analyses reported earlier. 

In addi t5.ou to the major frequency e.nalysis three other 

supplemental analyses were done. These analyses compared 
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Table ;; 

Frequency of Responses to Angular lncl inations: -- ": 

Restricted Response Condition 

Angle Category of Response 

Maintain 
No RIGHT Position LEFT 

Response . Adjust Ad~ us t Adjust Adjust Adjust 
Turn Quickly Slowly Turn Quickly Slowly 

(1) (2) :3) (4) (5) (6) ( 7l 

oo • 102 6 9 3 
22.5° :v 25 65 :·:a 
45° , 20 84 !4 

67.5° ~ 14 89 12 3 

90° ... 158 1 

112.5° ~ 2 15 86 15 
135° ~ 2 1 18 !j4 14 

157.5° • 29 64 25 
180° • 2 1 01 7 9 
202.5° A" 4 34 38 44 

225° if> 5 3 25 33 53 
247.5° If 6 8 25 38 43 

270° " 20 3 132 3 
292.5° ~ 8 19 41 45 5 

315°" 4. 6 25 37 47 2 

337S .. 5 31 34 50 1-' 
~1 
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Table 6. 

Statistical Analyses of Frequencies to Angular Inclinations: 
Restricted Response Condition 

Inclination x:_.,_ df p No ~:J;. FreguenJ. Category 

oo 231.00 3 .001 1 
22.5° 25.23 2 .001 2 
45.og 76 c;r· 2 .001 2 ·~? 

67.50 100.51 2 .001 2 
90.0 ~~ 4 

112.5° llJ-3 .11 3 .OOJ. 6 
135.0° 79.73 2 .001 6 
157.5° 23.40 2 .001 6 
180.0° 147.90 2 .001 5 
202.5° 1.30 2 .70 7 
.-""' ...... r:"' 1'"\0 , , , ~ ~ '" 7 r_c_-_;.v~ .J....Lo.I..:.J c f 1,.,1.1. 

247.5u 4.83 2 .10 '7 
270.0° -~(- 4 
292.5° 33.81 2 .001 3 
315.0° 6.67 2 .10 3 
337.5° 5.44 2 .10 3 

-
*indicates that freq_uend.es concentrated l.n essentially 

a single category thus obviating the necessity of an analysis 



respo:1ses to angular incli.nations as a function of age group, 

information content, and gender of the subje·cts. In the age 

analyses several significant effects were found. Ho"l"rever, 

there was no consistent trend relating age category to spe­

cific response types. As indicated in the latency analyses a 

majority of the sie;nificant effects seemed to be due to a few 

male subjects in the 36-45 age group, thus suggesting arti·· 

factual data. In the gender analyses only a fe>v comparisons 

vrere found to be significant, suggesting that gender probably 

plays no significant role in determining the relationship 

between response categories and arrow inclinations. Finally, 

not a single significant effect was found to be due to infor­

mation content on the signs. These analyses a.re summariz.ed 

in Tables 13, 14, and 15 in Appendix III. 

The analysis of the unrestricted response condition 

cla ta tends to confirm the frequency analyses i.ndica ted above. 

In this condition, subjects were permitted to respond with 
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any response they felt vTafi appropriate for a particular 

stimulus. The responses were then sorted according to general 

meanings, those having what the experimenter considered to be 

similar meaning being g1 ven a single C8. tegory name. This 

process resulted in a list of 30 responses generated by the 

subjects in this condition. Table 7 contains the frequency 

distribution of category responses to each angular inclination. 

An exaraina tion of this table reveals that one e again incllna­

tions of an upHard or horizontal orientation generally 

resulted in having a single predom\nant response. It is also 
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Table 7. 

Distribution of l1esponse Frequencies to Angular Inclinations: 
Unrestricted Response Condition 

-----------··-------·--------·-

.Q?_.~Z..,_?o Ji2o •• 61,.,50 .JOO 
0 112.5 l~ 157·2.0 

~ .w '%! 1.1 • 

1. bear L. 2 
2. bear R. 13 
3. turn back 
4. turn left 2 
5. turn R. 98 
6, prepare to go 1. 
7. prepare to go R. 
8. straight thru 
9. dmfmr~rd 1. 

1 0 < n ""TYl"'8l"O. '.L 
11. UJrwa:r·d I1. 
12. upward R. 
13. turn back L. 
14. turn back R. 
15. dmm ahead 
16. this is the St. 
17. stop, caution 
18. up straight ahead 
19. s·~. straight ahead 
20. exit 
21. up L.,sharply 
22, up R. , sharply 
23. prepare to go L. 
24·, prepare to go R. 
25. down L., sharply 
26. dovm R., sharply 
27. np L., sharply 
2.3. up R., sharply 
29. nonsense, No sense 
30. No response 

3 2 
77 92 93 4 

13 
29 l'l 

3 2 6 
1 l 147 

1 1 
4 4 6 

l 

6 1 

~ ~ 'Wil 

91 88 68 
3 1 4 

14 15 31 
2 2 1 
5 5 5 

l 
l 2 

4 6 3 

2 6 
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Table 7. (continued) 

Distribution of Response Frequencies to P~gular Inclinations: 
Unrestricted Response Condition 

-------~---·-----·---........_ _______ _ 
Resl2onse_ Caj:.eg_ory ----~~n_gular_ Inclination 

;;;.1;.:;;8..;;o_
0
,_ • .:;'i!;.;;.o;.:;;2:.: ... 5'-0--"2;.:;;2""5'-0......;;2:...4'"'7-'·"'5'-0--"2;;,.J.7:-"0'-~......:;2::..9'"'2""'_ ."'~ 315 ° 3 3 7 • 5° 

4 4- It> ~- * <ill ~ • 

1. bear L. 18 
2. bear :1. 
3. turn back 
4. turn left 92 
5. turn right 2 
6. prepare to go. L. 
7. prepare to go R. 
8, straight thru 
9. domnmrd L. 

, {\ .:~ ..... _'n-_,._,.._~,.:1 r:. 
........... ., V.VH.,I.,J.fi"'*'.I..V. .. 1.1 •• 

ll. upward L. 1 
12. upward R. 
13. turn back L. 
14. turn ba.ok R. 
15. down ahead 
16. th:i.s is the st. 
17. stop, caution 
18. up straight ahead 
19. St. straight ahead 
20. Exit 
21. up L., sharply 7 
22. up R., sharply 
23. prepare to go L. 
24. prepare to go R. 
25. down L., sharply 
26. down R., sharply 
27. up L., sharply 
2.3. up R., sharply 
29. nonsense, no sense 
30. no res)onsa 

43 

12 
22 

6 

1 
6 

10 

1 

15 

I+ 

35 

25 
2 
7 

10 

19 

16 

5 

45 

16 
2 
8 

10 

15 
1 
2 

1 

1 

13 

6 

2 

22 
2 
1 
4 

2 
1 

12 
2 
2 
2 

3 
1 
1 

1 

13 

6 
38 

20 

4 
2 

2 

12 
3 

20 

5 

1 
25 

1 
5 
1 

1 
15 

1 

1 
12 

1 

4 

40 

2 
29 

8 
1 
3 

10 

1 

22 

5 
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clear that the downward orientations are tnuch less consistent 

in the response they evoke both in terms of different responses 

evoked and the occurrence of several categories 'r7hich contain 

a significant number of responses. Of unusual interest, is 

the fact that several of the inclinations were able to elicit 

responses of vertical direc tiocl8.li t,y. Once ng<dn, the con-

produce a Guch 8ore s·~sreoty)ed se~ of responses suggesting 

that 11hen design innovations are desired, attention should 

be focused on c1omn-rard orientations as they VTOnld appear to be 

more amenable to manipulation. l'B.ble 8. summarizes the statis­

tical analyses of these de.ta. It should be pointed out however 

that the :x:2 analyses ~rere done by collapsing low frequency 

categories into a single "all others" category to meet the 

requi.rement of the test. ~hus one can get a more accurate 

picture of the variability in subject responses from an exam­

j.na tion of the frequency distrH•utiona. 

Several supplemental· analyses 'tlere made on these data. 

Spec:l.fically, x2 analyses of the relationships betv1een ::>.ngular 

1nclinat:l.ons and sex, age, and information content were done. 

No significant trends were observed in any o:t' these analyses, 

although a few significant effects vrere found. TheDe analyses 

are summarized in Table 16, 17, & 1.3 of Apperuhx III. rhe.se 

results suggest that the major source of systematic variance 

in the experiment ls due to angular inclinations of the 

arrows. 

A final set of analyses evaluated the effedt of different 

a.rro;r types on latency of response and. categorlc~'.l responses. 
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Table S. 

Statistical Analyses of Frequencies to Angular Inclinations: 

oo 
22.58 
lf5,0 
67.5° 
90.0° 

112.5° 
135.0° 
157.5° 
130.00 
202.50 
-:>-:>o:c nO --- ..... -
247.5° 
270.0° 
292.5° 
315.0° 
337.5° 

Unrestricted Response Condition 

137.39 2 
54.16 2 

102.20 2 
36.30 1 

112.22 1 
97.56 1 
36.46 2 
30.66 2 

102.22 2 
36.55 5 
1 o l)n " ..._ ...... '~ . ...,. 

40.80 :J 
114-.15 4 
17.01 4 
30.20 5 
22.59 4 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.OJ. 

.001 
,001 
.01 
.001 
.001 

--

5 
2 
2 
2 
8 
1 
1 
l 
4 
l 
1 
l 
8 
2 
2 
2 

-----------·-
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In these analyses some redundancy to earlier data is present, 

since arrow typ8S com1J1ncd l,·ti th response type, .0.c;e, sex, 

and inclinations. However, "Iii th regard to inclinations, only 

the eight major inclinations were used. This allows some 

assessment of the reliability of the data in the earlier 

analyses. The e.nalyses of the latency data are given in Table 

9. The resul t.s of these analyses tend to confirm the reaul ts 

of the latency analysis presented in Table 4. In addition, 

the in te:cpre ~.?.ti.on of the s igL1l.fi.cance of these effects in 

the previous analysis also appear to be valid in thls instance. 

to a slightly higher mean latency for the "A" and "G" type 

arrows. These mee.ns vrere 2.67 and 2.53 sees resp<;!Ctively as 

compared to 2.3<'1- and 2.1>9 'Jecs for the "B" e.nd "D" type 

arrows. Although these difference~-; achieve statistical 

signl.:fi.cance, one can only conjecture about their ).ll'8.ctica.1 

stgnificanoe. 

The results of the frequency of category responses to 

inclinations as a function of arrow type indicate that arrow 

type has no signifl.cant impa.ct. Once again, one is led to 

the conclusion that the most significant source of variance 

l.n these ane.lyses is due to the ar-roH inclinatior:s. 'rhe 

results of the frequency analyses for both the restricted and 

unrestricted response conditions are given in Table 10. 
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Table 9. 

.Analysis of Variance Summary: Latencies on .Arrow Types 

source df HS F 2-. w2 

A (Objective-Subjective) l. 40.209 2. 763 
', : B (Age) 3 60.565 4.169 .05 .0234 
::. 0 (Sex) 1 17.059 1.174 ' 

AXB 3 99.936 6.383 .005 .0435 
.HC 1 65.196 4 ,1+83 .05 .0036 
BXC 3 85.653 5.897 .01 .0362 
AXBXC 3 50.339 3.465 
s 64 11+.526 

D ArrO'tT Type) 3 13.519 3. 771+ .05 .0051 
AXD 3 1'( ,68Lf 4.937 .01 .0072 
BXD 9 l7 • 7Lfl !+.952 .005 .0217 
CXD 3 28.252 7.337 .005 .0126 
AXBXD 9 17.332 4.852 .005 .0211 
AXCXD 3 12f. 3"{1 !+.151 .01 .0058 
BXOXD 9 21.103 5.891 .005 .0263 
AXBXOXD 9 20. 761+ 5.796 .005 .0263 
SXD 192 3.582 

E tArrow Inclination) '7 23.564 19.091 .005 .0266 
AXE '! 13.178 1.067 
BXE 21 13 e 9·31+ 1.133 
AXBXE 21 1.406 1.139 
CXE 7 2.363 l. 9111 
AXCXE 7 ,388 .719 
BXCX.E 21 l. 765 1.430 
AXBXCX:E 21 2.911 2. 358 .01 .0060 
SXE 4Lf8 l. 23Lf 

DXE 21 1.967 2. 43'+ .01 .OOlfl 
lLv.:DXE 21 3. 743 l.,L o 632 .005 .0105 
BXDXE 63 .717 .888 
CXDXE 21 • 682 • 8lf5 
AXBXDXE 63 ,669 .828 
AXCXDXE 21 1.091 1.351 
BXCXDXE 63 .672 .832 
AXBXCXDXE 63 .795 .984 
SXDXE 13Lf4 .803 __ ......,... _ ___..._~--~ 
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Table 10. 

Frequency of Response Analyses: 
Arrow Type X Response Category 

Inclination 

oo 1.61 6 .70 1 
22.5° 2.95 9 .98 1-2 
45.0° .32 3 .98 2 
90.0° ~~ ~~ ~· 4 

135.0° 3.74 6 .70 6 
180.0° • 60 4 .98 5 
27o.og lf l' * 4 
315.0 .80 6 .93 2-3 

_o 
6.88 6 .50 5 u 

45.0° 6.50 6 .50 2 
90 0° {.,~ ·;} ~} 8 ~ . 0 

2.99 3 .50 1 135.00 
130.0 l,ll-0 3 .30 4 
225.0~ 8.33 12 .80 6 
2~(0. 00 1.89 6 .95 8 
315.0 11.13 12 .70 5 

. _....._ -· .. --~ 
lithe majority of responses fall ln a single category thus 

obviating the need for an analysis. ]~he c0.t.egory of response 
are the same as those of Tables 5 and 1'able 7 respectively. 



DISOUSSIOH 

The general results of Experiment I allow· several 

conclusions to be reo.cil8d. ?irst, it vrould seem that arrow 

inclinations have developed, through past practice and 

experience, some rather consistent meanings for drivers. 

This genera.lizatlon applies particularly to arrows in an 

upward or horizoutal orientation. Presumably, this is be­

cause more signs 8.re experienced in this type of orientation. 

Even within this sweeping stG.tement certain of the inclina­

tions consistently produce very stable categorical responses. 

One oan only suppose that inclinations uhich are not quite 
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as stable are not experienced as often or are easily confused 

with other orientattons. Thus it might be prudent to consider 

relatively stable in our present signing programs. The 

incllna'Gions vrhich do not eltci t stereotypic responses might 

then be used for innovations in signing techniques such as 

that suggested by Hiley (1964) and Enustun (1964). That is, 

the dovm1v2.rd oriented arrovm, since they are more variable in 

the responses elicited, would in all probability be more 

susceptible to :l.nnovations in signing practices. In addttion, 

these inclinati.ons have a greater potential for change 

through driver education programs. 

Several other conclusions seem to follo~·r from the resul·~s. 

Specifically, it seems reasonable to conclude that categorical 

judgments 8.re independent of sex or age of the driver. This 

is as it should be if most drivers are driving as the designers 
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of the information systems intended. There are some slight 

differences in latencies of response of course, ·but these are 

not of practical significance and are to be partially expected 

due to maturational differences. 

The fccct that arrow type produced no significant differ-

en tial effect was somewhat surpri s·lng but nevertheless 

heartening, because it suggests that categorical responses 

are independe~t of interactions with purely physical oharao-

terist'cos of the a.rrows. This fao L 2.llous the sign designer 

a bit more freedom ln the phycd.cs.l config,J.ration of signs. 

! word of caution should be adaed at this point. The 

research reported· in Experiment I is purely laboratory in 

nature. :Lt would not be prudent to suge;est that the results 

are definitive in nature. It is suggested that a reliability 

and validity· ch&ck of t.he 

w·i th field tests 'before the data are incorporated in future 

signing >'ior1c. However, 1 t is felt that results clearly 

indicate that such data can be of considera.bJ.e asslsta.nce in 

future signing :practices. In the following sections, 

Experiment II will be described. This experiment is an 

attempt to extend the findings of Experiment I and provlde 

a.ddl tional insights into the utility of directional srro1·rs in 

highway signs. 
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Experiment II 

Basic J2tslgn 

The basic design of this experiment was a 2(experience) 

X 2(distraction) X 2(frequenoy) factorial ~rith repeated 

measures on frequency. This basic design allows the assess­

ment of the basic arrow· aiming devices vrhen used in various 

combinations rather than singularly,· In particular, an 

attempt 1vas made to ident:l.fy the sequences of arrow aiming 

>vhioh produce the least amount of var1abtl:Lty in categorical 

responses and the fastes·i; reactioo. times. The rationale for 

including each of the variables is gl ven belO'ir. 

Experience is an integral part of any learning situation 

and. therefore was J.noluo.ed in this experiment to evaluate its 

impact on categorical responses to angular inclinations in 

sequence. To gain some insight into the effects of this 

variable, two levels of eiperience rTere included in the 

experiment. In the first level of experience, naive subjects 

~rere required to make judgments of signs with only a brief 

introduction to the experiment. This type of conditi.on 
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allo>·md the assessment of the effects of uninstructed learning 

on information utilization. Very often it is possj.ble to 

instruct subjects as to the meaning of symbolic messages 

before they actually gain any real experience '!Vi th the system. . . 
Therefore, as the second level of experience, the design 

included a group of subjects Hho 1-1ere lm;tructed as to the 

intended meaning of the symbol system before they were ·actually 
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required to use the system. A comparison of the levels of 

performance under the two levels of experience \WUld thus 

permit some degree of generaJ.ization about the utility of an 

instructional system to accompany design changes in highway 

ma~king systems • 

.P..l§.lr~Q.E; 

It is obvious that drivers do not experience information 

in a completely noise-free environment and therefore, it l'ras 

considered desirable to evaluate the effects of distraction 

on information processing. Two levels of distraction were 

included. The first level used no distraction, Thus, l:J.alf 

the subjeets performed the ts.sl;. >vith no secondary duties to 

perform. ··:che remaining subjects were distracted by e. second­

':U.:,y L.ash whj.o(l V1a~ yeJ:fcu:.·r!lt:Hl :-.;.iwul·GaneoLt:sly with Ghe pri.wary 

task of the experiment, The secondary task consisted of 

following a pursuit rotor track at 30 R:i?M v1ith a stylus. The 

subject in this l2.tter oop.di tion v1as instructed that his 

performances on both the prltnary and secondary tasks <rere 

being assessed and therefore, he should be as accurate and 

q_uiclt as possible o:o. both tasks. This instruction vras t;;~lven 

to the subjects to suggest to them tllat tlw interactl.on 

bet't~een vehicle control 2.nd informat-ion processing vras 

critical and of unique interest in itself. 

J''r e ... ~JJl:P.£Z. .21. 3J'Ll~ 
The im)act of ·the frequency of stimulus presentation is 

of obvious import8Qce. The notion here is that as the 

30 
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quantity of advance information increases the more ll.kely the 

driver is to make accur8,te choices. Two levels of frequency 

lfere used in the experiment. It vras felt that seCJ.Uences of 

tv1o and four stimuli ''rould be adequate to assess the effect 

of this variable. The inclusion of this variable'ln the 

design also e,llmm the assessment of the effects of inter-

actions of frequency, with distraction, experience, and 

arrow inclinations. 

The general purpose of both the experiments was to 

examine possible arro>,r orient::ttions for indicating immediate 

turning potu ts on the high'iTHY situation sfter s, sequence of 

advance 'lnforma tion arTO\,rs has been experienced. In Experl.ment 

(rlght) or 180° (left) dearly connotes a turning point. 

Arrows 'tihloh also connoted such a dr'Lvlnc action 1-rere the 

up1,rard oriented 45° (right) and 135° (left) f!,Cl'O\'-'S and the 

dol'nnlard oriented 225° (left) 2.nd 315° (rl.ght) 'lncUnatlons. 

Thus, for comparative purposes each of the above arrovr 'Lnoll.­

nations (horizontrol, upHal'd and do>vmrard) v-rere comb'Lned with 

all possible logical advance information sequences. However, 

the advance information possibilltles were restrl.cted to those 

incline tions 1-1hich were judged as those produc'lng the most 

unequivocal responses. :rhus the Hdvance lnformation slides 

were S•?lected from among 'che 0°, 
270°, or the 315° lnclinat:ions. These CO!lSi.derations thus 
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four arro>v sequences be used in the experiment. This method-

ology :permits the comparison of the ef.fectiveness of different 

sequences of information in com1oting certain desired responses. 

A complete description of these sequences is given in Table 19. 

Appendix IV. 

Subje~ 

The subjects in this experiment consisted of forty sub­

jects randomly selected from age levels and driving experience. 

All subjects >vere lj.censed drivers and had not parttcipated 

in :Sxperiment I. Thus, the research employed 4 ba.sic groups 

of 10 each Ss based upon the experience (2) X distraction 

(2) variables since all Ss reeeived all levels of the other 

factors. .The proportion of male and female subjects was 

of :~lj., 00 for his participation in the experiment. 

Heth2d.olosy 

As indicated above, ~11 subjects experienced all infor­

mation sequences. The equipment and methodology was j_dentical 

to that us,3d in Experiment I 1vi th a single exception. The 

distracted groups 'Here required to maintain a stylus in 

con-t.aot 11i th a rotating disk on a Lafayette Instruments Hotary 

Purstd t J.Ieter. Each sequence of sl:l.des was set off from the 

other sequences by means of a blanlc intervs.L The order of 

sequences to be presented ws.B randomized Emd half the suhjects 

in each of the groups received one random order ;;hile the 

other half reoeivc,d a different 1'8.ndom order. Subjects 1·rere 



given a five minute rest between each series of sequences 

·:rhe depende:n t v~criable s in this experlmen t consisted of 

latency of response and subjective categorical response as in 

Experiment I. The objective response condition was eliminated 

from this exped.:nent since it essentially durlio8tes the 

subjective condition and in most oases is not as inclusive. 

' ' Tl1e sub j eo ts in the experiment were ins true ted that the 

experiment was designed to assess the interaction of effects 

of dri vi.ng to be simulated in this experiment by the pursuit 

rotor and high':!ay information processing to be sl.mulated by 

the slides. It i·re.s stressed that He 1'iere concerned 11j.th the 

speed and accuracy of performance on both these taslcs. The 

complete instructions to subjects are given in Appendix II. 



RESULTS 

The initial analysis of frequency data consisted of an 

examination of the effects of distraction and information 

about arrow me2.nings on the ca.tegori.cal responses to the 

various arrorr sequences. 1'o accomplish this analysis, a 

separate chi squ2.re analysis was done for each sequence 

utilj.zing the distraction and information conditions as the 

categories of the contingency table. ·rhe data consisted of 

the diffel'ent number of categorica.l responsefJ elicited under 

each of the condJ:tions. Only t•w of the 120 analyses reached 

significance. The frequencles and the chi square tests are 

summarize~'l in Tab1e 20 of Appendix v. One must conclude from 

these results that in the present study neither distracting 

significantly affect the subjects'categorical responses. 

The 120 seq_uences Here then r::wk ordered in terms of 

the number of different categorloal responses elicited. It 
~ -~ ' 

>vould seem rea.sonable to assume that those sequences vlhioh 
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elicit the f.~:i·!..§.S t different categories are the sequences which 

most probably are eliciting population stereotyplc responses • 

.!rbi trary criteria Here then established by vlhtch to separate 

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

empirically established and were determined to be six or . 

fe1.;er different categories for the two-arrow sequences and 

thirteen or fewer different categories for the four-arrow 

sequences. ~"o attempts Here made to establ1.sh the "correctness" 

of tJ:J,e c:;tegories" The sequences lfhich I:Jnt these criteria arc: 
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given in Table ll along w:l. th the mean number of categories 

elicited and the mean latency of response to the sequence. 

A complete description of each of these numbered sequences 

can be found in Table 19 of A:ppend:l.x IV. Several additional 

ana~yses of the criterlal sequences were then done to determine 

their essential chara.oterlstios. ll chi square of the right·· 

left orientation revealed no sign:l.ficant differences in the 

frequency 'I'll th whloh these orientations occurred in the 

sequences, z2(ldf) = .0236. S1milarly an analysis of the 

vertical orientation in the sequences revealed no s1gnificant 

differences in the frequency with which these orientations 

vrere represented in the advance information portions of the 

sequences, x2(J.df) = 2.9412. However, several additional 

analyses revealed some interesting characterlstics of the 

sequences included in the criterial group. An analysis of the 

end arrows of the sequences revealed that upward orientations, 

including the horizontal, 11ere s)_gnLficantly :nore frequent 

. " than dovmward orientat1.ons, xc(ldf) = 30.12, p<.OOl. 

Finally, it 1'ras determined that the horizonte.l orients tion in 

the end arro-~rs occurred in the criterial group more frequently 

than any other type of orientation, x2(ldf) ::: 6.42'36, 

p <. 025. Thus, one can reach the conclusi011 that the dr1 ving 

population represented by the sample in this investigation 

seemsto have established popule.tion stereotypeG fo:r the end 

arrow in guide sign sequences •. 3peoifically, it would appear 

that upward or1ented and horizontal end arrows are most firmly 

established in terms of driver expectations. 
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Table 11. 

Summary of a Mean ~umber of Categories 
and Mean Latencies for Sequences Reaching Criterion 

1 5.00 1.30 
I+ 1+, 25 l. 74 
7 5.25 1.36 

10 5.00 1.79 
11 5.00 l. 78 
13 5.00 1.31 
16 5.50 l. 72 
22 5.00 l. ,gg 
25 '3.75 1. 64. 
27 10.50 1.6f3 
23 9.75 1.67 
31 9.25 1.71 
37 10.25 1.69 
33 10.00 1.32 
Lf 3 9.75 1. 76 
if I+ 10.25 l. 73 
1~-6 10.00 1 .. 92 
49 10.50 l. 64 
50 10.50 1. 76 
51 10.25 1.63 
55 9.75 l. 72 
56 9.75 1. 7'7 
57 10.25 1.67 
61 9.75 . 1.77 
62 10.75 1. '31 
6.3 9.75 1. '37 
75 11.50 1.90 
79 12.00 1.93 
32 11.50 1. 7lf 
97 11.00 1."(2 
93 10.50 1. 79 

103 11.00 1.81 
106 10.75 l. 76 
112 12.00 1. '75 

~..,..,_,_ 

--~-- '-"""'"""'""'"' ··-
*complete description of sequences can be found in 

Table 19 of Appendix IV. 



37 

The analysts of response latencies was rest.rioted to the 

sequences ·which had met "che frequency criteria discussed 

earlier. HoHever, a complete summary of the means and stand­

ard deviat1.ons foJ.' all ser1uences as a funotl.on of information 

and distraction conditions is given in Table 21 of Appendix V. 

:~o sizniflcant differences in latencies Fere found as a 

function of sequences in the criterion group, ?(33,102) = 
.3503. In addition, a t test for unequal sample sizes revealed 

no sigrdfloec1t differences in latccncies between the two-arrow 

and four-arr01'i sequences, t(l61+df) ::: 1.2079. Pinally, an 

analysis of ve.ri~moe reve•3.led that the d:tstre.ction variable, 

F(l,l32) ·- 12.00, p < .'!1 and the inforwation variable, 

~'(1,132) = 178.00, v < .01 both 'tiere signlfJ.cant. In the case 

of the dis t.I'Ztc tion varicJJle, the Dean for the distract·ad 

sees .. as opposed to_ 1.80 sees .. for the 

undlstracted c:oncli tion. This suggested the ]JOssibil:i. ty that 

in the experimental si 'Gua tion "che dual te.sl1:s of followlng a 

target and ext~'a.oting information f1•orn highvmy signs caused 

the subject to more efficiently distribute his attention, 

resul ti.ng in a lo1·1er lrJ. tency for the distracted group. The 

fact that the L1ean latency for the group 11hi. ch He.s ins true ted 

a.s to the meanint;s of a.rrO'iTS v.re_s 1.33 sees. e,s OJ!l)Osed to 1.65 

sees. for tlJe unL1struc'ced group is interesting a.nd oven 'G.o 

some interpretation. One explanation for such a finding ls 

that the subjeotr; may l18ve had stereotypic responses to the 

arro~i.rs prior to part.lcipatlng in the experii1lent and th2.t the 

meanl~ss ~st~blished by the experitll€~1·ter· conflj_c~sQ with 
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these stereotypes thus raising the mean le.tency. A second 

explanatton for thiS! finding is that the subjects given 

specific meanings to use took longer to make their response 

because they attempt to check their chol.ce against available 

response before overtly stating their choice. This finding 

implies that if one attempts to change :l.nformation on high;·ray 

signs and then attempts to modify drivers'responsesthrough 

educational programs, it may be reasonable to expect an 

increase in response latencies untl.l the ne'\'1 ~;timulus response 

associations are thoroughly learned. 
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STJ!iJ1<1ARY 

The results of the tlfo experiments discussed in this 

report provide cons:Ldr:;r2.ble information 1-1ith respect to the 

use of arro;'fS in routs guide signs. Experiment I demonstrated 

tha't age or sex have little impact .on categorice.1 responses 

to vartous fJ.nc;ular Lnclina tiona. In addition it >>as found 

th2.t the ty.r:e of c.:t'r·JH U;3ed in the eXpc,rimen t he.d little 

effect on c.sctegorical responses and only marginal effects on 

:-cesponse latencles.. On the other hand, it ··;·r~1s deter2.ined. 

that upward oriente.tions vTere consistently related to wore 

stereotypic reSl)Onses 11hlle do1,nnmrd orientations produced 

si.gnificantly more ·va.rlety i!~ responsesG J;.. det2.lled exam:i.na ... 

tion of this data revealed that the arrow inclinations 

ooctl9Y1ng the major upwara compass po1n~s proaucea Iaa~er 

response latencies and more unequivocal categorical responses. 

It 1-JaS also found that arro>:r inolinat:l.onB combined 1d th 

numerical inform8.tion on the guide sign produced higher 

latencies than v1hen the arrm·w are combined 1-ri th verbal 

lnformation or a.re presented alone. Data are also presented 

v1hich permit an i!lSpect:i.on of the rela.t:i.onship bet1wen specific 

categorical responses and the various angular inclinations. 

Finally, it vras found that pe:rmittln[!; the subject unrestricted 

latitude in making his categorical responses provides a more 

adequate deta base than does forcing responses into a set of 

fixed categories. 

In :Sxperiment II attention was focused on the effeet of 

verious arrow inclinations in sequences~ ~he ~nulyses reveal.ea 
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that upward oriented sequences produce the fewest diff8rent 

categorical responses. It was s.lso determined that the end 

arrow of the sequences is significantly more often in the 

horizontal orientation in the criterion sequences. ~o sig-

nificant differences were found bet.>·reen right and left 

oriented seqtJ.encE·S. l:lh:tracting subjects from the primary taslc 

or providing them vrl th specific mecmings for the angule.r 

inclinations appeered to have no effect on categorical re-

sponses. The le. tenoy da~a iadicated no significan L difference 

bet1·reen individual sequences or bet>·reen t1·ro-arrow and four-

arro11 seque:'lces. Finally, it 1t1as determined that both the 

distract:ton vari,lbles and instruction v:su·iables significantly 

affected response latencies. 

In conclusion, the data of this report demonstrette the 

existence of stereotyp:lc drlver responses to guldt; sign arrows 

in upwa:-cd orientations. The r·esul ts alBO suggest that the 

innovative use of arro•lfs in guide signs should be concentrated 

in dowm·mrd orientations.· B:owever, the abstract nature of the 

stimuli. in the present inves tiga tlon requires the implemen ta-

tion of the recomnendatlon:> made by Ze.jlcm·ISki and Satterly 

(1970) for a laboratory study ut11iz1ng slides of actual high-

;ray scenes and a field test of the 11rOlJosed signing method.s. 

Putting these recommendations l.nto effect will permit a 

v2lldi ty assessment of the date, O·btaj.ned :1.n the present 

invesi;J.gati.on a.nd an examination of the effects of differential 

roadway und intersection guide sign placemen·t as su~gested by 

3n1.lS t~'.n ( 106!r.) and .:n ey ( 1964) • 

LIBRARY 
michigan department of 

state highways 
LN~SING 

~----~· 
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Appendix I 

Equipment used in the Experiment. 

' __ ' 



•'-----· 

TABLE 12 

-------'~,9_l!j.£.rf!.ent used in Ex££.Ciment I and::......,_ll,__ ______ _ 

Quantity Hanufacturer 

Gerbrands 

Gerb rands 

2 Hunter 

Hunter 

Lafayette 

1 Lafayette 

1 Lafayette 

Unit 

G1168 Electronic Tachistoscopic 
Shutter with Timer 

G1169 Kodak Carousel Boo 
Projector 

111C Decade Interval Timer 

150 Self Holding Relay 

PursuIt Rotor 

6602A Voice Response Time 
Control 

5661ADW Stop Clock 



43 

Appendix I I 

Instructions to Subjects in Experiments I and II 



Instructions for Experiment I 

You are going to be par·ticipating in an experiment ~1hich deals with 
highway safety. Generally ~1hat l'le are trying to determine is the extent to 
which licensed drivers agree on the meanings of certain types of traffic 
signs. You will be sho•11n a series of slides v1hich depict high~1ay signs as 
they might actually be experienced on the highway. There wi II be a number 
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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 a rest during these 
pauses. Your task wi II be relatively simple. As soon as each slide appears 
v1e want you to determine what action the sign indicates that you should take. 

A. Instructions for restricted alternatives 
If you wil I look at the card we have provided you wi 11 see the 
choices of response that you have. For example your choices arc 
A. Maintain present course 
B. Turn off here (left or right) Note: emphasize that the left 

or right must be included 
C. Adjust course ahead (left or right) slowly 
D. Adjust course ahead (left or right) quickly 

B. Instruction for nonrestricted group 
Vie would 1 ike 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. 
f' "--' ~ .. ~ ~. -- .. ·-·-- - - L. _ c. • I 1 r. . _ • _ • .· \ . • • 
vo rl\..lj\.l..>-t. lvVI...II .,..._";! Clllco'U \ 1~1 1.. Uf I 19r1t) ~lOWlY 

D. Adjust course ahead (left or right) quickly 
These are only a few of the possibilities of course, but we do 
want you to clearly indicate what the signs mean to you. It is 
extremely in~ortant that you sup~ly 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 r,gporLYQ~L 
ansv1e1· out loud INTO THE HICROPHONE IN FRONT OF YOU. Please speak clearly, 
dist-inctly and in a normal tone of voice. As your response wi 11 stop a 
timer and must also be hand recorded. If possible, please avoid a cough or 
unnecessary talking into the microphone when a slide is on the screen as 
this might accidently activate the device controlling the timing. Once 
again, in your responses always indicate exactly what action the sign connotes. 
That is, you should always indicate the dir£_C;.!:J..<Jn and the !21'e of ac!_ion. 
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 rna in, body of the experiment I \-li ll sh01" 
you some demonstration s I ides so that you can see the kind of slides you vii 11 
be asked to respond to--once again even with these slides respond as accurately 
and quickly as you can. 



Instructions for Experiment II 

lnstructi~~s to be read to a! I Subjects 

You are going to be participating in an experiment ~1hich deals with 
highway safety. In this specific instance, we are going to be examining the 
drivers abi Jity to extract information from highway signs. Naturally, "'e 
wi 11 not be using a, real 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 attempting to c'xarnine. For example, instead of actual 
highway signs, you will be shovm 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 each set of these slJdes. Your task wi 11 be ~ela­
tively simple, v1itil regard to these slides. As soon as each slide appears we 
v1ant you to tell us ,.;hat the sign means to you. For example the sigh £'?_tJJ.2. 
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 X£':'.· 

As soon as each s I ide appears vie wou 1 d 1 ike you to make your decision as 
quickly as possible. Onco you have mnde your decision please f\EPORT YOUR 
ANq'-'r-R O!IT lllttn !NTO T~H: t-1!CP./1P~-!0~!E _IN FR(i~!'!' 0F Y~\Lt. P!-;;2se S?e?.!~ G~8~;1y, 

distinc.tiy, qncJ in a nonrK~i t011e of voice. if possible, piease 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, That is, you should 
always indicate the DIRECT I ON .L\ND THE TYPE OF ACT! ON. The speed and accuracy 
of your responses are both critical. Therefore we would like you to make 
your responses as quickly and acc~rately as possible. 

vie are of course interested in the interaction bet1•1een visual task 
capabilities and the ability to drive the vehicle. Thus, while you are seeing 
the slides we vii II askyou to perform a second and simultaneous task, which 
simulates 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 sty 1 us (an l.··shaped rod on a hInged 
handle) and holding the handle, keep the metal tip on this little disc as it 
revolves. A~, you can see, this requires some degree of coordination as you 
must respond to each slide as it appears while doing your bast to keep the 
stylus on the target. I wish to emphasize that we are concerned with your 
abi 1 ity to perform of both of the tasks. Your performance on each of the tasks 
wi 11 be automatically on record • 

.L\dd i tiona I ins tru_c t i on~_J'i_o r ins true ted __aroup_.£~Y. 

Before we begin the experiment I 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 Y.Je have been able to establish the genera! mean·ingS of these signs. 
(Give s.ubject card with arrow inclinations and general categorical responses 
on it). If you ~Jill look at this card ~1e can go over it together and examine 
these meanings. 

Arrow Inc I I nation Genera 1 Categorical res~onse 

1. • Straight Ahead 

2. ~ 18 Keep left (right) 

3. .- + Turn left (right) 

4. 
"" 

~ E:x..i:.t left (right 

5. v Thru Traffic 

All of the slides that you wi 11 see contain one of these arrows and we 
wi 11 require you to respond to each s 1 ide. However, I VIOU 1 d 1 ike to emphasize 
once again, that we v1ant you to indicate what each s I ide means to :t~· So 
give whatever you beliewe to be an appropriate response to each slide. Do you 
have any questions? 
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Statistical Analyses 
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TABLE 13 

Frequency Ana 1 ys is: Age X Arr-ow Inc 1 ina t ion 

___ Restricted~onse Condition 

__ An 9 . .:..:1 e'----

0 

22.5 

45 

67.5 

'90 

112.5 

135 

15/.5 

180 

202.5 

270 

292.5 

315 

337.5 

2 
X 

16. 16 

20.85 

9.53 

l3. j 1 

19.34 

8.98 

5.86 

10.25 

8.49 

16.28 

df n 
·~----"----

6 

3 

6 

6 

6 

6 

,., 

6 

6 

6 

.02 

.02 

.os 

.05 

.01 

.20 

.50 

.20 

.30 

.02 

Note.--* means that majority of responses 
have fallen in a single category. 

I,.J 



TABLE 14 

Frequency Analysis: Sex X Ar rm' I nc 1 i nat i on 

Re~tricte.d Re~_£~~ Condition 

Ans.le x2 df p_ ----
0 1.05 .50 

22.5 7. 04 2 .05 

115 1.99 2 .so 
67.5 1. i' 1 2 .50 

90 j'( .. -: •k 

112.5 2.15 2 .so 
135 .25 2 .90 

157.5 .93 z .70 

180 4.47 . 05 

202.5 2. 10 2 .so 
225 i 8. 15 2 . 01 

2lJ7.5 10.26 4 .05 

270 .08 .80 

292.5 10.88 2 .01 

315 11.66 2. . 01 

337.5 .36 2 .90 

Note.-- ·k means that majority of responses 
have fa lien in a single ~ategory. 
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TAB l.E 15 

Fr·equency Analysis: I nforrnat ion Content X Arrow Inc! ination 

Restricted Res~ ion 

Angle 
2 _____ x ____ _df 

0 1 . 58 2 .so 
22.5 2.03 4 .80 

45 2.30 4 .70 

67.5 1.12 2 .70 

90 '~ .... , '1: 

112.5 .87 If .98 

135 3.28 4 .70 

157.5 1.03 Lf .95 

180 .49 2 .80 

202.5 6.40 4 .20 

225 2.29 4 .so 
247.5 2.28 4 .70 

270 L . 11 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 majority of responses have fa II en 
in a single category. 



TABLE 16 

Frequency Analysis: Age X Arrow Inclination 

__ _._:U"-!.n.restricted Res_ponse Condition 

--·-------· 
2 __ ...:,A.;,;.n_g_l e ___ ::L_ ____ , d::.,:f ___ ..,p ___ _ 

0 

22.5 

45 

67.5 

90 

112.5 

135 

157.5 

180 

202.5 

270 

292.5 

315 

337.5 

11 . 22 

7.ho 

3.89 

4.01 

2 ... 56 

17.97 

22.h7 

23.32 

33.95 

1h. 34 

3 

6 

3 

3 

3 

3 

6 

3 

6 

9 

6 

9 

9 

6 

6 

• 01 

• 10 

.99 

• 10 

* 
.30 

.20 

.90 

• 10 

• 01 

.01 

.01 

• 01 

• 1 0 

.01 

.05 

------------------------------
Note.-- *means that majority of responses 

have fallen in a sing!~ category. 
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TABl.El7 

Frequency P,nalysis: Sex X Arrow lncl ination 

___ ...:::Unrestricted R_~o!'se C2_')_d i ti on 

0 

22.5 

45 

67.5 

90 

112.5 

135 

157.5 

180 

202.5 

225 

24?.5 

292.5 

315 

337 

9.78 

3.06 

2.22 

3.08 

,,, 

.70 

1. 90 

- _, 
L • it) 

4.52 

36.02 

12.81 

12.98 

6,06 

6.66 

df 

1 

2 

2 

2 

2 

2 

2 

2 

5 

5 

5 

3 

5 

4 

.01 

.30 

.so 

.30 

.80 

.so 

.50 

.20 

.01 

.30 

• 05 

• 01 

.so 

.20 
---- ·-------·-----

Note.-- * means that majority of responses 
have fallen in a single category. 
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TABLE l'l 

Frequency 1\na 1 ys is: Information Content X Arrow lncl I nation 

Unrestricted f\('!Spor)Se Condition 
i 
I 

______ ......,..._, 

2 
Angle X df 

0 2.42 2 .30 

22.5 2.24 4 .70 

45 4.36 4 .50 

67.5 .69 2 .80 

90 '" -.'( * 
112 .5 1.09 2 . 70 

135 2.39 2 .so 
157.5 4.G8 /, rn 

~·r . ;;; -..; 
180 .34 2 .90 

202.5 3.22 6 .80 

225 . 2.68 6 .90 

21'< 7. 5 1 • 11 4 .90 

270 lf2. 61 2 • 01 

292.5 1. 92 8 .99 

315 1. 73 4 .80 

337.5 2.88 6 .90 

Note.-- '' means that majority of responses have fa 11 en 
in a single category. 
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Appendix IV 

Expe r i !He(, ta 1 Sequences 



TABLE 19 

Exee r i mentp l ~'!.£D~--

Sequence Angular Inc I ina t ions Visual Representation 
In Degrees 

1 . 2. 3. 4. 1. 2. 3 .. 4. 

1 45 0 , _.. 
2 45 315 , A 

I 3 45 45 ~ , 
4 90 0 • • 
5 90 315 • ~ 

6 90 45 • , 
7 315 0 A • 
8 315 45 A , 
9 315 45 A , 

10 270 0 .,_-b • VI 

11 270 45 1' ~ 

12 270 315 'f A 

13 135 180 ~ • 
14· 135 225 

"" A 

15 135 . 135 v. .. 
16 90 180 },. • 
17 90 225 .. A 

18 90 135 • "'" 19 225 180 A • 
20 225 135 A .. 
21 225 225 .. .A 
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TAI:lLE 19 

Continued ·---------

Sequence Angular Inclination Vi sua 1 Representation 
In Degrees 

_____£ 4. 1. 2. 3 .. 1+. 

•• ! 22 270 180 • .. 
23 270 135 • ~ 

;.:_-] 
2Lf 270 225 • A 

25 90 90 90 180 *' • • .. 
26 135 135 135 180 

~ ~ ~ .. 
27 135 135 135 135 ~ ~ ~ ~ 

28 9\l 90 90 135 if; • • \1Z 

29 90 90 90 225 4> • + A 

30 135 135 135 225 ~ ~ ~ A: 

31 135 90 90 .. n .... 

* 41 • iOV 
'\~' 

32 135 135 90 180 -w. ~ • • 
33 135 90 90 135 ,._ • • ~ 

34 135 135 ·9o 135 
~ ~ • \1Z 

35 135 90 90 225 
~ • • 4 

36 135 135 90 225 l< ~ • .. 
37 90 135 90 180 • l< 4 .. 
38 90 135 135 180 if; l< ~ • 
39 90 135 90 135 • l< • 'f. 

110 90 135 135 135 • l< l! "" 41 90 135 90 225 • l< • A 

42 90 135 135 225 • ~ " ;.\; 
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Sequence 
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44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

Tt1BLE 19 

Continued 

Angular Inclinations 
In Degrees 

1. 2. ~-' 4. 

90 90 135 180 

135 90 135 180 

90 90 135 135 

135 90 135 135 

90 90 135 225 

135 90 135 22S 

90 90 90 0 

45 45 Lf5 0 

90 90 90 Lf5 

45 45 45 45 

90 90 90 315 

45 45 90 315 

45 90 90 0 

45 45 90 0 

Lf5 90 90 1t5 

45 45 90 45 

1+5 90 90 315 

45 Lf5 45 315 

90 45 90 0 

90 Lf5 Lf5 0 

90 Lf5 90 ~5 

57 

Visual Representation 

1. 2. 3. 4. 

* 4 \1: .._ 
\1: 4 '\11: • 
4 4 " '\)\'_ 

'V< 4 ~ " 4 • ~ .. 
'\li: • ~ 4 

4 4 4 • 
Jtf -W -V • 
4 4 4 Yif 

;if ;If ;if Yif 

4 4 4 A , -'If' 4 A. , 4 4 • 
Y'l' JV • .. , • • ;If/ 

Yif Jlf 4 v 

v * 4 • 
_.., J.!! a,,. --1!... 

4 , .. .. 
4 , , .. 
4 ;If .... -\>' 
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TABLE 19 

Continued 

Sequence Angular Inc 1 ina t ion Visual Representation 
In Degrees 

1. 2. 3. 4. 1. 2. 3 .. 4. 

64 90 45 45 45 • :PI .,., :PI 

65 90 ItS 90 315 • Jlf • 'A 

66 90 45 1~5 315 • '!II :PI 'A 

67 90 90 45 0 • • .,., .. 
68 45 90 1+5 0 Yl 4 Jlf .... 
69 90 90 Lf5 45 • • .,., 

Jlf 

70 45 90 45 1~5 .,., • '!II '!II 

71 90 90 45 315 • • .,., 'A 

72 45 90 45 315 Jlf • Jlf 'A 
.,, 

270 270 270 0 ..!-. v v • u v 

74 270 270 270 315 t • t .. 
75 270 270 270 115 

" t t :v 
76 315 270 •270 0 .. t t .... 
77 315 270 270 315 /i,~ • • ... 
78 315 270 270 45 ... • 'f • 
79 270 315 270 0 t -A. • ... 
80 270 315 270 315 • -A. • 'A 

81 270 315 270 45 • &. t Jlf 

82 270 270 315 0 • v 'A ... 
83 270 270 315 315 v t A .. 
84 270 270 315 45 t v A Jlf 
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TABLE 19 

Continued ---------· 

Sequence Angular Inc l ina t ions Vi sua 1 Representation 
In Degrees 

1. 2. 3. 4. 1. 2. 3 .. 4. 

85 315 315 315 0 .. .. .. • 
86 315 315 315 315 .. -A .. .. 
87 315 315 315 45 .. A A 1¥ 

88 315 315 270 0 A -A 'f • 
89 315 315 270 315 .. .. :t J;;,. 

90 315 315 270 '15 .. ... v Yf 

91 270 315 315 0 ' ... • .. 'V 

92 270 315 315 315 v -A ... A 

93 270 315 315 45 t it. ... Y41 

~1. ~•r 2"/0 315 0 if>, "' -~). -v .... ::J"t .}i) v 

95 315 270 315 315 it. t -A ~ 

96 315 270 315 45 -1&. t .. J?" 
l 

180 • • • ! ' 97 270 270 '270 <111-

98 270 270 270 135 " v v 'W 

99 270 270 270 225 • v v .t1K 

100 225 270 270 180 .k t v ~ 

101 225 270 270 225 .k v t A 

102 225 270 270 135 A. t t '1ji: 

103 270 225 270 180 t A; t 4 

1 Oll 270 225 270 135 t .k t ~ 

105 270 225 270 225 t A t .k 
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TABLE 19 

Continued 

Sequence Angular Inc l ina t ions Vis ua I Representation 
In Degrees 

1_. __ 2. __ 3. 4. 1 . 2. 3. lj. 

106 270 270 225 180 " " AI£ ... 
107 270 270 225 135 v • "* 

,. 
I 108 270 270 225 225 ... " Lk .« I i 
I.: 

109 225 225 225 180 "* • "* "'lfi· 

110 225 225 225 '135 As Lk Lk \l': 

111 225 225 225 225 • .A 4; 4; 

112 225 225 270 180 .A 4- v "'* 
113 225 225 270 135 & 4 v ~ 

114 225 225 270 2?5 Ar Aa v "" 
115 270 225 225 180 v ,6; & ... 
116 270 225 225 135 " 4 .& ~ 

117 270 225 225 225 ., 
4!1- & A 

118 225 270 . 225 180 A • .. <!tl· 

119 225 270 225 135 .. t k ,. 
120 225 270 225 225 k t ...&- & 
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Appendix V 

St~tistical Anaiyses Expe1·iment i l 
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iABLE 20 

Number of Different Categorical Responses 

to ArrDI;'. Sequen_ces 

Seguence Number of Ca~qo1·ies x2 df 
Undistracted Distracted 

uninformed infor~ed uninformed informed 

5 6 5 4 .20 1 ns 

2 8 7 7 6 .00 1 ns 

3 8 6 6 4 .02 ns 

4 3 4 4 1{. .08 ns 

5 8 5 5 6 .62 1 ns 

6 8 5 5 4 .08 ns 

7 6 4 5 6 ,4Lf ns 

8 10 7 7 5 .00 1 ns 

9 9 5 8 6 1<: ns . ' -' 

10 6 4 Lf 6 .80 ns 

11 6 5 4 5 .20 1 ns 

12 8 5 5 5 .30 ns 

13 6 5 5 4 .oo ns 

14 8 6 7 5 .oo 1 ns 

15 8 8 8 5 .39 ns 

16 5 4 3 4 .25 ns 

17 8 3 5 5 1.15 1 ns 

18 8 5 4 4 .30 1 ns 

19 9 5 4 6 1.39 ns 

20 9 6 8 5 .01 ns 



. --------

Segue nee Nl!mb(;r of 
Undistracted 

.;:t;;Tnform-ed ___ i nformeJ -
21 10 6 

22 5 5 

23 7 6 

24 8 5 

25 11 8 

26 14 14 

27 12 13 

28 13 9 

2<J 14 <J 

30 17 12 

31 11 10 

32 14 10 

33 17 11 

34 15 11 

35 15 10 

36 16 10 

37 13 11 

38 13 9 

39 15 10 

40 15 11 

TP.B LE 20 

Continued 

Categories 
2 

X 

Distracted 
;:Jn"r;;f9~~J 

8 

5 

5 

6 

8 

12 

9 

9 

7 

17 

8 

10 

12 

11 

11 

11 

9 

9 

10 

8 

6 .08 

5 .00 

Lf .oo 

6 .33 

8 .22 

8 .47 

8 .08 

8 .oo 

11 l.GS 

9 .26 

8 • 02 

9 • 13 

7 .02 

8 .00 

9 .11 

7 .00 

8 . 01 

9 .33 

9 .24 

8 .24 

LIBRARY 
michigan department of 

state highways 

LAi\JSING 

63 

df 0 

ns 

1 ns 

ns 

1 ns 

ns 

1 ns 

1 n'· .. 
1 ns 

1 ns 

1 ns 

1 ns 

ns 

1 ns 

1 ns 

ns 

ns 

1 ns 

ns 

ns 

1 ns 



Ti\BLE 20 

Continued 

Sequence Number of Catc_gorics 
2 

df X E 
Undistracted Drs t rae ted 

.~n i nfm;ea i ~formed U~i nfof'rn~·d inform~ 

41 16 11 11 9 .09 1 ns 

42 16 10 12 10 . 12 1 ns 

43 13 9 9 8 • 14 1 ns 

44 13 10 10 8 .00 1 ns 

45 1 lt 8 10 8 .27 1 ns 

46 13 10 9 6 .04 ns 

117 15 9 9 9 .66 1 ns 

48 12 14 11 9 .35 ns 

49 12 8 8 8 .36 ns 

50 13 10 11 8 .01 1 ns 

51 13 6 11 8 .45 1 ns 

52 16 12 13 10 .oo 1 ns 

53 17 8 15 9 3.27 ns 

54 14 10 12 9 .oo 1 ns 

55 12 10 6 10 1.07 ns 

56 11 7 11 10 .33 1 ns 

57 13 10 10 8 .oo 1 ns 

58 16 10 11 8 .06 ns 

59 14 11 10 10 . 16 1 ns 

60 17 15 13 8 .40 1 ns 



.§eguence 

61 

62 

63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

"--~umber of 
Undistracted 

uninformed i nfor-;;;;;J -
13 

13 

15 

15 

16 

jl; 

14 

11 

15 

15 

14 

13 

13 

15 

16 

17 

12 

16 

9 

12 

8 

11 

11 

11 

9 

9 

q 

9 

9 

12 

14 

11 

11 

11 

11 

12 

10 

14 

TABLE 20 

Continued 

Ca t~gor i es 
Dis t rae ted 

uninformed informed 

9 

10 

10 

11 

11 

12 

9 

10 

10 

13 

11 

12 

8 

12 

11 

11 

12 

11 

13 

12 

8 

8 

8 

8 

10 

9 

8 

9 

8 

8 

9 

9 

12 

12 

11 

11 

12 

11 

13 

12 

2 
~----"d:.:_f __ _;;_ 

• 15 

• 10 

.40 

.oo 

.23 

.00 

.25 

.02 

• 12 

.oo 

7 .1+8 

.05 

.30 

. 17 

.08 

.28 

.37 

.09 

.05 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

.01 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TABLE 20 

Continued --
___ Numbe.r_9i....£§.~or i es 

2 
df §.eguence X 2 

Undistracted ___ D)stracted 
JJninformed_ --informe-d uninformed i nfo1·med ------ ---~ 

81 17 10 11 10 .54 1 ns 

82 12 11 12 11 .00 ns 

83 16 12 10 12 .67 ns 

84 15 10 11 11 .47 ns 

85 17 11 1 lf 11 • 12 ns 

86 20 13 16 12 .07 ns 

87 19 12 16 11 .02 ns 

88 16 10 9 11 1.24 ns 

89 15 8 15 12 .118 ns 

90 13 12 17 11 • !rJ n~i 

91 15 8 7 13 3.90 1 .Q5 

92 18 12 14 12 .22 ns 

93 17 12 1 lf 10 .00 ns 

9'f 14 10 15 14 .23 1 ns 

95 15 12 14 15 .29 ns 

96 17 12 12 16 1 .lf2 1 ns 

97 11 10 11 12 .09 ns 

98 13 9 9 11 .83 ns 

99 15 9 10 12 1.34 1 ns 

100 15 9 10 14 2.08 ns 



TABLE 20 

Continued 

Number of Categories -· 
z 

df Se,guence X e._ 
Und is t rae ted Distras_ted 

uninformed ~-;,d uninformed informed 

101 17 10 12 12 .87 ns 

102 15 10 11 11 .47 ns 

103 13 10 11 10 .07 ns 

104 16 11 15 10 .00 ns 

1 05 18 10 14 12 .61 ns 

106 11 10 10 12 .30 1 ns 

107 17 10 13 11 ,1!0 ns 

108 17 14 12 12 • 13 ns 

1no !h 8 1h 11 j(l n< ·-~ 

110 16 12 12 11 1. 79 ns 

111 20 12 17 12 .09 ns 

112 13 11 12 12 .08 ns 

113 17 11 13 11 .22 1 ns 

114 17 12 15 12 .05 ns 

115 14 9 11 11 .53 1 ns 

116 17 11 13 11 .22 1 ns 

117 18 12 10 10 .48 1 ns 

118 15 8 13 13 1.16 ns 

119 18 10 13 12 .81 ns 

120 18 11 1 3 12 .55 1 ns _______ , 

_:J 
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TABLE 21 

t1eans and Standard Deviations of La tE:~nc i es 

on A rro¥1 Sequences 

Sequence Condition 
·undistracted ·---Distracted ___ 

uninformed --i~ -;:;;,; n f 0 rme;:r---i n r;rme d 
-··~--~- -----

~lEAN 1.68 1. 81 1.77 1. 93 
S.D. .33 .38 .53 .57 

2 f1EI\N 1. 71 2. 12 1. 78 1.82 
S. D, . 3 1 .56 . 71 .28 

3 HEAN 1. 53 1. 90 1 • 511 1. 81 
S.D. .23 .49 .42 • 51 

!1 f1EAN 1.58 1. 98 1. 60 1. 80 
S.D. • 2.8 .46 .36 .37 

5 f1EAN 1.58 1. 92 1.60 1. 97 
S.D. .Lw .58 .26 .46 

6 ~~~.L\H ! '53 1.81 1 T7 1 ..,, 
'• I I ' . ' _, 

S, D. .22 .36 .57 .30 

7 ~\E.~.N 1. 70 1.85 1 .86 2.02 
S.D. . 1+7 .38 .58 .55 

8 MEAN 1. 60 1. 91 1. 76 2.04 
S.D. .29 .38 .62 .1!6 

9 HEI\fl 1. 74 1.68 1.68 1.77 
S.D. .56 .38 ,lj4 .42 

10 f\EAN 1.62 1.81 1.77 1. 96 
S.D. .36 .36 .33 . 51 

11 1·\EAN 1. 74 2.09 1 .118 1 . 81 
S.D. .39 .45 .28 • q.l+ 

12 f1EAN 1.65 2.06 1. so 1.99 
S.D. .25 .38 .119 .35 

13 r\EAN 1. 72 1.86 1.67 1.98 
S.D. .26 .37 . 34 .60 

14 f1EAN 1 . 71! 1. 99 1.66 1.90 
S.D. .36 .52 .65 . 61 

----·~P~--------··-----------·-----·~----·~·~-~-·-, -·~---·-··~-
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TABLE 21 

CCl\TiNUED 

Sequence Co;--Jc; it ion 
___..__~ Und is·:: C~;c:~2.:-~---· ofstrac::eci -'·~_,: ____ .,._,. ·.-- .... ----·' 
..t::!.~~~ l_!lrl ... t~ un i r.for~~~2ci i nfo~~med 

15 t<EAN i. 74 2.00 1. 66 1. 94 
< 0 ...... u. .48 .45 .47 .72 

16 i<;_,C!,N 1.60 1.80 1 .1+7 2.00 
S.D. .23 .43 .32 .110 

17 v~~;~~·x 1. 66 1. 92 1. 82 1. 97 
S.D. .33 .43 .68 .1+3 

18 V~EAN 1.67 1. 94 . 1.48 1. 89 
S.D. .30 .42 .00 .45 

19 HEAN 2.62 2.55 2.58 2.22 
S.D. 1.47 .87 .97 .53 

20 i"'iEAN 1. 61 2.20 1.62 1. 9lf 
S.D. . 31 1.00 .60 .lf1 

21 {•:EAN 1. 57 1.84 1. 61 1.87 
S. D, .28 .39 .48 6<" . ·' 

i·-· 
22 F~EAN 1. 74 2.03 1. 76 1. 98 

S.D. .32 .62 .45 .30 

23 HEAN 1.58 2.07 1. 77 1. 90 
S.D. .43 .39 )fO .40 

24 HEAN 1.66 2.05 1.76 1. 96 
S.D. .23 .39 .50 .05 

25 jv;EAN 1.56 1.77 1.52 1.69 
S.D. • 31+ .lf2 .28 .32 

26 HEAN 1.68 1. 81 1.52 1. 72 
S.D. .35 .33 .38 .47 

27 1-'.U.N 1. 71 1. Sit 1 .lt8 1. 67 
S.D. .44 .lt6 .56 .40 

28 ~',EAN 1.63 1.83 1.43 1.77 
S.D. .39 ,l+O .35 .45 

------~ ~--~-
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TABLE 21 

29 ;.,;::;,,....; 1.64 1. 92 1 . 61t 1. 74 
S.D. . 31 .55 .38 .45 

30 :'·:Er:.~ 1. 55 1.87 1.59 1.87 
S.D. .27 .40 .36 .56 

31 j'.~~f:.;\l 1.60 1. 911 1 . lf8 1. 81 
S.D. .29 .47 .40 .38 

32 r-,:::P.N 1. 54 1. 98 1.59 1. 91 
S.D. .23 .47 .49 .67 

33 ~<::f..r! 1. 60 1. 96 1. 66 1.86 
S.D. .34 .~9 ,117 .47 

31! f·~.E,t,;\ 1. 61 1.88 1 .115 1 . 72 
c " ?? ··~ 

?~ , .. ~ 
..... IJ • --~ 

• .v .~v ···-.v 

35 /·lEAN 1.68 1. 98 1 . 511 1. 80 
S.D. .36 .62 .35 . 1!9 

36 I'.EAN 1.66 2.04 1. 63 1.89 
S.D. .32 . .lt7 .40 ·.52 

37 MEAN 1. 61 1.83 1. 57 1. 75 
S.D. .29 . 511 .33 .39 

38 t-1EAN 1. 72 2. 13 1.62 1.80 
S.D. .29 .71 .46 .39 

39 f11EAN 1.68 2.22 1.68 1.92 
S.D. .38 1 .42 , If? .112 

40 l·iEAN 1. 61 1. 93 1. 61 1. 79 
S.D. .40 . 51! .58 .47 

Lt 1 f·~~EP)J 1.68 1 . 93 1.54 l. 91 
S.D. .54 .55 .37 .59 

42 V.EAN 1.72 1.85 1.58 1.87 
S.D. .33 .45 . .38 .47 

·--,·------
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TABLE 21 

CO~lTl>!UED 

--~ 

Seouer:cz: Cc.-,.,:.·: ·~ion 
~-

~Li;-d r s :: ract~sd ;) ; straCt>::d 
un i n-Fc;A:r:2d i nf ;;r.~·:2d u .lin r;:;:z;d 1:-:·:-=o; .. r;-:::;d 

43 ,'<::::-..0: 1 . 67 2..00 1 .56 1. 79 
S.D. .43 .64 .29 . 51 

44 t1,EP;~ 1 . 55 1 . g!~f 1 . SLr 1.87 
S.D. .25 .47 .34 .1!8 

45 t-:EA~ 1.54 1.89 1 . Lr7 1. 70 
S.D. .34 .45 .24 .38 

46 :1:EAN 1. 82 1. 90 1. 96 1.99 
S.D. .113 .86 .67 .75 

47 ,'<CAN 1. 58 1. 95 1.63 1.89 
S.D. .30 .52 .38 . 59 

48 ;"'~EAN 1. 81 2. 13 1.61 2. 19 
3.D. l.r .so .33 .70 ,ryu 

49 1\l?..AN 1.59 1.77 1.50 1. 70 
S.D. .30 .39 .23 . 31 

50 11EAN 1.89 1. 73 1. 59 1.84 
S.D. .70 . 34 . 31 .63 

51 11EAN 1.56 1.82 1.59 1. 75 
S.D. .28 . 41 .47 .lr1 

52 HEAN 1.49 1. 79 1.49 1.64 
S.D. .40 .30 .36 • 38 

' ! 
53 N~AN 1. 72 1.85 1. 75 1. 79 

S.D. .40 . 51 .60 . 4Lr 

54 I'.EAN 1.58 1. 93 1. 60 2. 30 
S.D. .30 .so .36 .96 

55 1\I;S:AN 1. 52 1. 96 1.52 1.89 
S.D. .21 .68 .41 .59 

56 i,.,SAt~ 1. 70 1. 91 1.52 1.95 
S.D. .40 .53 .30 .44 

----··--~·-------



TABLE 21 

c o:rr 1 r;u:: o 

~2r1C8 Cc:~d i ~::: i 0:1 
~------ ----· -- Lin .. :Cff s t r :::; c t•::; c.-1 ----·- D i ::, '..': :2c t.::;;:i 

l!:linfo;-rr:.:::d f~~t-;r-;;~d ~.-;~-:-,:;:-~~---:--:-~:::-:::.-~:7 

·--·-- .... 1 , ,. ; o ; " ...... a ..!..l2.!_'2.:.l::;::.;:. 

57 :c;.:;:.,;~ 1.52 1.80 1.57 1. 79 
S.D. .27 .34 .56 .41 

58 t~;:::.~.:.! 1.60 1.88 1. 51 1. 76 
S.D. .26 . 51 • 31 .54 

59 t<E!\N 1.80 2. 10 1.77 2. 10 
S.D. .50 .~5 .43 .65 

6o J-:E;,i\! 1. 64 1. 91 1. 63 1. 87 
i S.D. .37 .52 .Ira .56 

61 ~--:CAN 1.68 1. 91 1.58 1.89 
S.D. .34 .43 .35 .47 

62 ~'~EJ\(-J 1.69 2. 01 1 . 6Lr 1. 90 
' s.u. .35 . 61 .34 .60 ! 

63 l'\EAN 1.67 2.05 1. 56 1. 83 
( ... • 

S.D. .54 .so .1rs .49 
I 

6~ t--\E/\N 1.58 1.82 1.58 1. 73 
S.D. .29 .29 .37 .Lro 

65 MEAN 1. 65 1.95 1 . 7Lr 1.90 
S.D. .28 .47 .63 .If 1 

66 i':EAN 1. 61 1. 93 1 .59 1. 87 
S.D. . 31 .42 .38 .44 

67 11EAN 1.67 1.80 1 . 58 1. 92 
S.D. .39 .34 .50 .54 

68 HEAN 1.80 2.02 1.82 1.84 
S.D. .53 .115 1.00 .115 

69 r':EAN 1.48 1.82 1. 55 1.62 
S.D. . 211 .60 .39 .72 

70 ,vlEf...N 1. 73 1. 96 1. 65 1. 81 
S.D. . Lr6 .39 .Lr8 .38 

--~-·-
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TABLE 21 

S ;;~.-:'~!<:::r~ce ____________ _f,Q::Jd i ~~ion_~-----~--·-----·--
____ _G--::_C: r :.~~~ r2o-:: -~-:::E~-- _ .. _____ y i ~ -~ ~d _____ 
urt~for~~d infor~ed u~infcr~od infor~3d ----

' 71 :-/ '= . \' 1 . 6Lf 1. 87 1. 67 1. 79 i ''"/-." 

S.D. .32 .45 .49 .38 

72 ;.~.C,t,;-~ 1. 68 1. 97 1.63 1. 76 
S.D. .28 . 4Lf .56 .72 

73 ;";EAN 1. 90 2. 16 2.05 2. 7'+ 
S.D. .62 .80 1.10 1. 98 

74 v~::AN 1. 71 2.12 1.58 1. 93 
S.D. .58 .75 .48 .50 

75 ~-::::AN 1.69 2. 16 1. 76 1. 97 
S.D. .42 . 76 .85 .47 

76 J··1EAN 1. 61 1. 95 1. 56 1. 94 
S.D. .24 .55 .2h .55 

77 H::AN 1.55 2.01 1. 60 1. 79 
S.D. .26 .56 .11·0 .40 

78 ~'LEAN 1.64 1. 91 1.60 1. 81 
S.D. . 31 ,Lf3 .40 . Lf4 

79 /'A,EJ\N 1. 94 2.06 1. 76 1. 93 
S.D. .70 .54 . 1:9 .40 

80 HEAN 1. 58 2 . 1 () 1.56 1.80 
S.D. .20 .48 .33 .46 

81 MEAN 1. 57 2.01 1.58 1.90 
S.D. .30 .48 .42 .115 

82 t1EAN 1.54 1.86 1.62 1. 88 
S.D. .32 .35 .41 . 51 

83 V.U•,N 1. 51 1.86 1.68 1. 79 
S.D. .25 .29 .52 .49 

84 J'<EAN 1.56 1.88 1.65 1. 98 
S.D. .27 .34 .62 .65 

----
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·.~ f, p! !::' 
I /"',1.) :...'- 21 

CONT HlU~D 

52::-'"...!8;-',CC Co:-:dition -------- ·--~-----~~-
Unc:. is r rac::;..';,J G; :~ ·.: :--~1c.-::0:C: ---- . -~---· 

un I nfr;;-.r:·.:~;d i nfon·,:<:;d u~infor~2d infor~ed ----
85 1\', ·:::/'...,;\ 1.56 1.86 1. 50 1. 74 

S.D. .23 .46 .40 ,I{Q 

86 ru:.c .. N 1.57 1. 71 1.59 1 . 66 
( s. [). .26 • 31+ .48 .42 

87 1".~~.N 1.60 1.86 1.49 1. 92 
S .. D. .43 .52 . 31 .53 

88 !1iCAN 1. 68 2.06 1. 67 1.96 
S.D. .36 .58 .35 .50 

89 ;..;c:.:~.N 1 . 71+ 1. 99 1.62 1 . 87 
S.D. .42 .Lf2 .25 . 78 

90 '.j :· {_• •..; 
J ;~, Ul 2. 3lt 2. !r2 2.52 2. 71+ 
S. D ~ _R7 .74 L 'l9 1. 7q 

91 ~~<EAN 1.85 2.23 2.13 2.16 
S.D. .46 .85 .86 .89 

92 t\joEAN 1.60 1. 91 1.56 1.77 
S.D. .30 .1+5 .1+1 .47 

93 HEAN 1. 67 1.99 1. 61 1. 97 
S.D. .35 . 51 .37 .so 

94 1'/tEAN 1. 97 2.02 2. 16 2.20 
S.D. .69 .52 1.48 .59 

95 t;,E/iN 1. 79 1. 91 1. 57 1 .80 
S.D. .57 .39 .29 .37 

96 IJ,EAN 1. 73 2.09 1 .. 63 1. 94 
S.D. .36 .62 .1+5 .so 

97 i1EAN 1. 71 1. 88 1.56 1. 72 

i S.D. .Lt8 .47 .35 • 3Lt 

98 JV1Er~N 1.64 1. 99 1.68 1.85 
S.D. .32 .Lt5 .37 .58 



I 
I 

I 

. J 

I 
i 

99 .\.:!-.>~ 
S v D. 

1 00 ~.J,O:,t.t~ 

S.D. 

1 01 v. ;:,D, i'! 
S.D. 

102 v.;:;..N 
S.D. 

103 HEAN 
S.D. 

104 fic':AN 
S.D. 

105 v~::A:~ 

S.D. 

106 1·\EAN 
S.D. 

107 11EAN 
S.D. 

108 P,EAN 
S.D. 

109 I':EAN 
S.D. 

110 HEAN 
S.D. 

111 fliEAN 
S.D. 

112 I.';;:P,N 
S.D. 

------

1.53 
31· . ' 

1. 54 
. 21 

1.60 
.44 

1.65 
.39 

1. 78 
.49 

1. 62 
. 23 

1.67 
.34 

1 . 611 
.33 

1.63 
.36 

1 • 711 
.44 

1. 66' 
.lro 

1.56 
.22 

1.44 
.26 

1. 69. 
.38 

75 

TABLE 21 

CONTINUED 

1. 77 1.69 1. 79 
.33 .54 .50 

1. 81 1 '53 1.85 
.29 .37 .38 

1. 85 1.68 1. 81 
.61 . 74 .38 

1. 90 1.77 1.91 
.34 .39 .47 

1. 94 1.69 1.83 
.27 ,1{2 .35 

2.02 1. 64 1. 94 
.1!6 .46 .45 

1.99 1 . 511 1.87 
.49 .58 ,117 

1. 94 1.63 1.84 
.62 .41 .Lr 1 

1.98 1.62 1. 79 
.70 .1!3 .28 

2.02 1.80 1.89 
.58 .116 .41 

1. 82 1. 63 1. 79 
.45 .53 .40 

1.96 1. 67 2.00 
.52 ,112 .68 

1. 72 1.57 1.66 
.41 .43 • 112 

2. Oil 1.56 1. 72 
.53 .27 .38 

--·--------·------= 
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TABLE 21 

Continued 

--
Segue nee Condition 

UndistraCted ------· Distracted 
unl0o;:med informed uninformed informed ---- ----

113 MEAN 1.62 1. 91 1.65 2.00 
S.D. .33 .39 . trs .1+5 

114 MEAN 1. 76 2.06 1.66 2. 01 
S.D. .38 .62 • Lf2 .53 

115 1·\EAN 1. 52 1. 87 1.57 1. 74 
S.D. .22 .32 .40 .45 

116 MEAl~ 1. 66 1. 92 1.54 1. 99 
S.D. . 31 .58 .40 .50 

117 MEAN 1.85 2.21 1.69 1. 75 
S.D. .52 .76 .56 .41 

118 HEAN 1. 70 2.03 2.29 2.32 
S.D. .27 .46 1.20 1. 39 

I 
1.69 2.04 1.64 !·· 119 ~lEAN 2.07 

S.D. .38 .63 .38 .60 

I 120 MEAN 1.59 1. 90 1.65 1.89 
S.D. .L+O .60 .46 . 62 

-

I. 
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