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BACKGROUND 

How should controls and displays on products intended 

for the international market be identified? One answer has 

been to use pictographic symbols, a language-free form of 

lableling. For motor vehicles it is critical that 

information be presented so it can be easily and rapidly 

comprehended by drivers. If important warnings are not 

understood and heeded, or if the instrument panel diverts 

the driver's attention from the road, an accident might 

result. 

To help construct a universal set of symbols, many 

studies have been performed (Jack, 1972; Heard, 1974; 

McCormack, 1974; Simmonds, 1974; Elsholz and Bortfeld, 1978; 

Green and Pew, 1978; Green, 1979a, b; Wiegard and Glumm, 

1979; Green and Burgess, 1980, Green, 1981). Based on this 

research and the opinions of automotive representatives from 

many nations, International Standard 2575 was developed 

(International Standards Organization, 1979). It includes 

symbols for headlights, fuel, horn, and so forth. It was 

intended to be applied only to automobiles. However, 

because the truck market is also international, symbols are 

needed for trucks too. 

At the February 1981 Ann Arbor (Michigan) meeting of 

International Standards Organization Technical Committee 22, 

Subcommittee 13, Working Group 5 (ISO/TC22/SC13/WG5-- 

Ergonomics of Road Vehicles, Symbols) great interest was 

expressed in expanding the scope of I S 0  2575 to include 



trucks and buses and to add several specific truck and bus 

symbols. One of the meeting reso%utions was a request for 

suggestions for 20 "priority truck symbols." (See Appendix 

1.) 

The collection of candidate truck symbols and their 

preliminary evaluation is described in this report. 

Suggestions were obtained from the manufacturers and truck 

drivers and, based on a survey of additional truck drivers, 

undesirable candidates were culled. 



SYMBOL PRODUCTION EXPERIMENT 

Introduction - 
Many symbols for controls and warning lights have been 

proposed by automotive engineers and designers. However, as 

has been shown experimentally (Mudd and Karsh, 19621, the 

best source for candidate symbols is the user population, in 

this case, truck drivers. A popular technique for gathering 

suggestions is the population stereotype production method 

(Mudd and Karsh, 1961; Howell and Fuchs, 1968; Green, 

1979a,b; Green and Burgess, 1980). In this procedure users 

draw pictures representing the functions in question. That 

technique was employed here. 

Test Plan - 
People Tested 

Thirty-one truck drivers (all males) volunteered to 

participate. Drivers ranged in age from 22 to 57 (mean 39) 

with experience ranging from 3.5 to 41 years (mean 17). 

Their average annual mileage (including trucks and cars) 

varied from 10,000 to 250,000 (mean 112,500). Except for 

one part-time driver, all drove full-time. Fourteen of them 

were independent, sixteen were company drivers, and one was 

a company owner. They drove a wide variety of tractor- 

semitrailers, with two of them periodically driving straight 

trucks. Most had experience with farm vehicles and 

construction equipment, and except for some military stints 

abroad, had lived and worked in the U.S. their entire 



lives. Typically, they had completed high school, though 

five were college graduates. To illustrate the extremes 

tested, one earned a Ph.D. in Political Science (and, 

"couldn't make a living" at it), while another completed 

only grammar school. 

Test Materials 

The experimental materials were photocopies of a seven- 

page booklet. (A sample booklet is in Appendix 2 . )  The 

first page of this booklet contained an explanation of the 

experiment's purpose, instructions, and four IS0 automotive 

symbols. The second page was for biographical information 

and was completed by the experimenters to save time. Pages 

3-7 presented 18 driving scenarios, 2 or 4 per page, 

describing the use of controls and warnings that might be 

found on truck instrument panels. Underneath each 

description was a 2 x 2 inch ( 5  x 5 cm) box where the 

truckers drew suggestions for the following functions: 

Cab Lockdown 
Dump Load 
Engine Oil Temperature 
Oil Filter 
Brake Fluid Level 
Air Pressure 
Retarder 
Air Filter 
Loading Light 
Axle Lift 
Gearbox Malfunction 
Winch 
Power Take Off 
Trai ler Connect ion/Loc k-Up 
Engine Stop 
Fuel Shutoff 
Differential Lock 
Interaxle Differential Lock 



Further explanation of each intended application is 

contained in Appendix 1. (There are two more entries in the 

ISO list than this one because the IS0 list contains three 

variations of the air pressure function (1,2 and 3 - 
primary, secondary and tertiary). It is expected these 

syrtbols will be formed by placing a number next to the basic 

air pressure symbol. - 
Test Activities and Their Sequence 

The experiment took place in the truckers-only dining 

room of the Wolverine Truck Stop located in Dexter, Michigan 

( 7 0  miles west of Detroit), at the Baker Road interchange of 

Interstate 94. (1-94 is the main highway between Detroit 

and Chicago.) Interviews were conducted on weekdays between 

2 and 6 in the afternoon. Only about 1/3 of the truckers 

approached agreed to participate. Reasons given for 

declining ranged from a simple "not interested" to the quite 

unexpected "those symbols make everything so clear that 

anyone could drive a truck, and I don't need any more 

corr~petition than I already have." To encourage those 

truckers to take part, the authors gave these reasons for 

the experiment: 

1) American truck manufacturers are selling trucks in the 

international market so there is a need for language-free 

instrument panels. 

2 )  Symbols take less space than words. 

3) The most successful argument was to encourage truckers to 

imagine how difficult it would be to understand road 



signs if words were used instead of the customary 

symbols. 

The best time to approach drivers was after they 

completed their main course and started their dessert. They 

were interviewed individually, or in groups of two or three. 

The truckers,' task was very straightforward. They drew 

a picture in each box conveying the message in the 

accompanying scenario. (See Appendix 2 . )  Very little 

assistance was given to drivers, although encouragement was 

frequently offered. Drivers took from 15 to 40 minutes to 

complete the entire survey (mean 25 minutes). Where they 

could not come up with an image for a scenario, it was 

skipped to save time. The biographical data for most 

drivers was collected after they completed the experiment. 

When collected first, truckers were less likely to complete 

the experiment. 

Results and Discussion 

Appendix 3 contains copies of the drivers' sketches 

reduced to 65% of their original size. The drawings are 

grouped by function, one function per page. A given 

driver's sketches appear in the same relative location on 

each page in Appendix 3. Most of the drawings were far from 

being artistic and were much more difficult to decipher than 

those of students participating in previous studies (see 

Green, 1979a,b: Green and Burgess, 1980). Because the 

drawings are unstructured, a quantitative analysis of them 

has not been provided. Short descriptions of the drawings, 



howlever, are in Table 1 to which the reader's attention is 

directed, It is suggested the reader then peruse Appendix 3 

before reading further. 

Drivers were challenged by the drawing task and because 

of time constraints, six drivers completed only the first 

eight symbols. Including those six, the number of missing 

responses varied from 2 (for cab lock down) to 17 (for power 

take off). To a certain degree, these numbers represent a - 
measure of how difficult it is to symbolize a particular 

function and may be useful in developing acceptability 

criteria. In previous studies of symbol meaningfulness (for 

exa.mple, Heard, 1974), a fixed acceptance criterion of 75% 

correct was used. In addition to being quite arbitrary, 

that criterion may not be realistic (too high in some cases, 

too low in others). Also, varying considerably was the 

uniformity of suggestions across functions. The proposals 

for dump load were quite similar, while proposals for power 

take off were very dissimilar. 





TABLE 1 (c0n-t-  ) 

# Missing 
(excluding 
6 partial 
responses) 

n=25 

7 

1 0  

6 

4 

# Missing 
(all 

drivers) 
n=31 

7 

10 

6 

10 

Concepts Depicted 

balloon; brake shoe; load goes through 
the cab (since the brake system locks 
when the air pressure falls); crossed 
STOP sign; heat (wavy lines) coming from 
a tire; parachute; cloud 

truck going down the hill (usually 
showing just cab); J (for Jacobson 
brake); arrow pointing up or down the 
hill; drawing of exhaust system based 
retarder mechanism 

different views of truck air filter; 
side views of truck air filter housing; 
person inhaling; money (when air filter 
is clogged truck uses more gas - trucker 
loses money) 

source of light in different positions 
relative to the truck (side view of cab 
with liqht mounted above fifth wheel and 
aimed to rear, above trailer [side and 
rear views]); light bulb; candle; street 
1 ight pole 

# 

6 

7 

8 

9 

Func t ion 

Air Pressure 

Retarder 

Air Filter 

Loading Light 
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PREFERENCE EXPERIMENT 

Introduction - 
A good symbol has many qualities. It can be correctly 

identified at first glance and remembered over time. It is 

eas~y to learn, if not immedately obvious. It can be rapidly 

identified after practice and is not confused with other 

members of the set. Numerous procedures for evaluating 

these characteristics of symbols have been suggested 

(Anonymous, 1979; Cairney and Sless, 1978; Easterby and 

Heikel, 1979a,b; Egar, 1979; Green and Pew, 1978; Sless and 

Cairney, 1979; Zwaga, 1979). Because of time and cost 

constraints, this experiment dealt only with the initial 

ease of identification (meaningfulness), since it is a key 

attribute of a symbol. A simple rank ordering was selected 

for this evaluation, It was chosen because of the speed and 

sirr~plicity with which the data could be obtained and 

analyzed. 

Teslt Plan - 
People Tested 

Thirty-three truck drivers took part in this 

experiment. They ranged in age from 25  to 55 (mean 39.8) 

with experience ranging from 2 . 5  years to 37 years (mean 

14.2 years.) Their average annual mileage (including trucks 

and, cars) varied from 25,000 to 180,000 (mean 96,600), 

slightly less than the previous experiment. Thirty-one were 

full-time truck drivers, 2  part-time drivers, 16 of them 

ind.ependent, and 17 company drivers. All drove tractor- 



semitrailers and three periodically drove straight trucks. 

Most had graduated from high school (26 drivers). Three had 

graduated from college. Like the previous test group, they 

were familiar with other types of vehicles and had limited 

exposure to foreign cultures. 

Test Materials 

The test materials were photocopies of an eleven-page 

booklet. (A sample booklet is in Appendix 4 . )  The first 

page explained the purpose sf the study and contained the 

instructions. Both were very brief (total of 14 lines) 

since some drivers in the previous experiment spent too much 

time examining the front page, which contained similar 

information and was 25 lines long plus illustrations. 

The following 9 pages contained the 18 driving 

scenarios from the previous experiment, 2 per page. Beneath 

each scenario was a circular array of 6 to 9 candidate 

symbols. Arrays were organized so that variations of the 

same theme were not in adjacent positions. 

Photocopies were black on white with a contrast ratio 

of about 1:5. All symbols, except for differential lock 

were surrounded by 3/4 inch (19 mm) or 7/8 inch (22 rnm) 

black circles, 

Symbols were obtained from many sources. At least half 

were simplified and modified versions of drawings collected 

from truck drivers in the symbol production experiment. 

Suggestions were also obtained from Hallen, 1977; Dreyfuss, 

1972; Karsh and Mudd, 1962; Mitchell, 1981 and Green and 



Burgess, 1980. In addition, the authors developed some 

synlbols based on their personal opinions, information they 

gathered from truckers' oral comments, and combined 

information from all of the previous sources. Overall, 125 

candidates were developed. After the experiment several 

additional candidates were developed. (Those additional 

idebas are in the Results and Discussion section.) 

Test Activities and Their Sequence 

Drivers were interviewed in the dining room of the Olde 

Colonial Restaurant, located in Ypsilanti, Michigan. at the 

intersection of U.S. 23 and U.S. 12 (Route 23 links Flint, 

Michigan and Toledo, Ohio), and in the locker room of the 

Great Atlantic and Pacific Tea Company depot located on Bart 

Road in Detroit, Michigan. Three weekday afternoon 

interviewing sessions were conducted, two in the Olde 

Colonial Restaurant (from noon to 2:30 and from 2 to 6) and 

one in the A&P depot (from 3:30 to 5:30). About half of 

the truckers approached agreed to participate. This 

percentage was higher than in the symbol production 

experiment, because the preference survey was more 

interesting and easier to complete. 

Drivers interviewed in the restaurant were approached 

right after they submitted their order. Drivers in the A&P 

depot were interviewed before or after their regular shift. 

Questions about the survey's validity were answered with the 

explanations from the previous experiment. In addition, 



noting the candidate symbols were based on truck drivers' 

ideas helped convince many drivers to volunteer. 

Drivers were asked to rank-order the symbols in each 

array and then complete the biographical information 

sheet. The completed forms were collected when they left the 

dining room (or locker room,) It is not known how long it 

took the drivers to complete the form. In two cases, the 

drivers misunderstood the instructions and ranked only the 

best and the worst candidates in each array. In a few other 

cases, drivers didn't like any of the candidates for a 

certain function and didn't rank them at all. No assistance 

was given. 

After the interviews were completed, the data were 

transcribed to a special form for computer entry, (See 

Appendix 5.) This form helped organize the data and reduce 

errors. 

Results and Discussion 

The analysis of the truck driver rankings of the 

candidates for each of the eighteen functions appears on the 

following pages, Each page contains a scale on which 

symbols are ordered from best to worst based on the mean 

rankings averaged over drivers. Tables presenting the 

ranking distribution for each candidate and text explaining 

the results are also provided, In each case, the rankings 

were analyzed using a Friedman two-way analysis of variance 

and the - S statistic for differences in the means is reported 
(Conover, 1971; Hollander and Wolfe, 1973; Siegel, 1956). 



For every function there were significant differences among 

the ratings of the candidates. Also presented are the 

results of multiple comparison tests of differences between 

candidate means. Nan-significant differences at the p < 

.1 function-wide error level are indicated by brackets to 

the right of the table on each page. 

In examining the comments for each function, the reader 

should notice several recurring issues: 

1) The use of letters/abbreviations. Some functions-- 

for example, power take off (PTO) and retarder ( J  

or Jacobson brake)--are f requentli identified by 

their initial letters rather than their full names 

by English-speaking drivers. It is not known how 

meaningful those terms will be to non-English 

speakers. It has proven to be a problem in the 

reverse direction (Formaro, 1977). For example, 

the German representatives believe the brake 

failure warning label should be the letters "ABSw 

for anti-lock braking system. To Americans that 

abbreviation commonly stands for absolute (as is 

absolute temperature or pressure) (Crocker and 

Kennedy, 1977; United States Department of Defense, 

1968; American National Standards Institute, 1972), 

though it also could mean air-break switch or 

acrylonitrite-butadiene-styrene, a plastic from 

which many automotive parts are made (Crowley, 

1976). Some have been so bold as to remark it 



stood for "abominable snowman." Why one would find 

a label for such in a car is hard to imagine, 

Using a padlock to represent locking. In this set 

there were four functions having locking aspects 

(cab loc kdown , trailer connection/lock-up, 

differential lock, and interaxle differential lock) 

and there are others that were not evaluated (for 

example, automatic door lock). While in some cases 

a padlock may be one alternative locking device, in 

many others the latching mechanism could be quite 

different, so too might the approprite name in 

languages other than English. 

Carryover of existing, questionable IS0 symbols. 

There is a growing body of evidence that the 

current IS0 symbols for coolant temperature and 

engine oil pressure may not be understood by car 

and truck drivers and that superior alternatives 

exist (a problem also reported by Green and 

Burgess, 1980). As other temperature and engine 

oil symbols (for example, hydraulic fluid 

temperature, engine oil level) are added to the 

set, the problem is compounded. To avoid 

perpetuating bad design, better symbols for coolant 

temperature and engine oil pressure should be 

substituted. It is unfortunate that much of the 

automotive community views the IS0 Standard 2575 as 

"cast in concrete." 



Further discussion of differences among the candidate 

syntbols appears on the following 18 pages. 





Best = 1 Mean 
Rating 

Friedman's - S = 15.67, g <  .05 

Worst = 7 i 

I I, CAB LOCKDOWN 1 
A1 1 symbols depicted a t i  1 ted cab. 
The preferred candidate ( A )  con- 
tained an outlined cab and padlock. 
For several variations of the t i  1 ted 
cab theme, rep1 acing the padlock 
with an exclamation mark ( E ,  G )  or 
eliminating the lock entirely, ( C ,  
D ,  F) resulted in lower ratings. 
(Note: Use of the padlock t o  repre- 
sent locking may cause problems for 
non-Engl i sh speaking drivers . ) 
Preferences for solid ( 0 ,  E ,  F)  
versus outlined symbols (A,  C ,  D y  

G )  were equal . A t  1 east the fi rs t  
three (according t o  the mu1 tiple 
comparison tes t )  and possibly the 
top  five symbols should be tested 
further. 

RANKING DISTRIBUTION 
OF EACH SYMBOL F 

5 MEAN - 1- 
Best --Worst 

0 - medi an 

SYM- 
BOL 

A 
B 

C 
D 
E 
F 

G 

1 2 3 4 5  6 7  

l O @ 5  5 1 2 1 

6 8 0 3  6 2 3 

8 1 7 0 8  0 5  

5 7 3 1  5 8 
2 5 2 6 g  5 6  

2 2 6 2 G 1 0 4  

0 1 6 8 R 7 5  



Best = 1 

Rating 1 Mean 
The highest ranked symbol was t h a t  of 
a t i  1 ted body with an arrow indi - 
cating the control dumps the load 
(raises the body). This candidate 
garnered over 113 of the f j r s t  place 
ranki ngs . In general , candidates 
containing just the body of the truck 
(8-6, G )  ranked higher than  those 
showing b o t h  the cab and the body 
(0-F, H)  . (Candidates F and H might 
be very appropriate for a dump truck 
b u t  not appropriate for a truck with 
a dump t ra i ler . )  Among f i r s t  and 
and second place votes, there was a 
clear preference for showing the body 
as a solid figure w i t h  an arrow 
poi n t i  ng upwards (candidate A versus 
B ) .  Because there were no signifi- 
cant differences among them in this 
tes t ,  the f i r s t  five candidates 
(A-E) should be evaluated further. 
A variant sf candidate A wi t h  a 
double ended arrow (shown be1 ow) 
should also be tested. 

Friedman's 2 = 18.92, - p < .01 

RANKING OISTRIBUTI ON 
OF EACH SYMBOL c UJ 

p<. I. - 

- - 

- 

- - -- -- -- -- -- 

- - - - 
Addi tronal Suggestion 

I -  
- 

a - median = 3 . 5  
b -median = 4.5 



Best = 1 
Mean I Rating 

1 3 ,  ENGINE OIL TEMPERATURE 

I Friedman's 2 = 26.04, p < ,001 

2 - 
A 

Worst = 7 J 

A1 1 candidates combined a thermometer 
indicating a high temperature with some 
other image. There was no consensus 
among drivers as t o  w h a t  t ha t  other 
image should be. In fact, the symbol 

RANKING DISTRIBUTION 
OF EACH SYMBOL m c 

t h a t  had the second highest mean rank- 
ing ( B  - engine block over thermo- 
meter) received more f i r s t  place votes 
than the symbol with the highest mean 
ranking (candidate A - block oil drop 
and thermometer). ( B  also received 
numerous extreme negative votes. ) 
Notable are those candidates that were 
disl i ked. The f i f th  ranked candidate 
( E  - drilling rig and thermometer) was 
t o p  rated in Green and Burgess, 1980 
(though here, the s t a  t i  s t i  ca1 di ffer- 
ences among the t o p  five were not  
significant). Candidate F (engine 
block cross section with oil drop) is  
found on agricultural and industrial 
equipment. Candidate G i s  a modifica- 
t i o n  of the existing IS0 low o i  1 
pressure symbol. The poor ranking of 
candidate G here, in Green and Burgess , 
1980, and other studies indicates that 
the IS0 oil symbol should be replaced 
possibly by the "oilM elements of 
candidates A-E . 

0- median 
a - median = 2 . 5  

SYM- Best+-+ Worst : 
BOL 

p< a I, 1 2  3 4 5 6 7IE/MEAN, - 



4, OIL FILTER I 

Drivers preferred by a statisti~cally 
significant margf n the candidate 
depicting a perspective view of an 
oil fi4 ter wi t k  an oil drop on i t s  
face ( A ) .  mis  candidate was 
ranked #I by 2/3 of the participants. 
Candidates showing an oil drop (or 
drops - candidates C-E) or an arrow 
changing col or ( t o  i ndi cate 
cleaning - candidate F )  were not  
we41 received. Candidates D and E 
are similar t o  symbols used on 
agrf cul tural and i ndustri a1 equip- 
ment. Th i s  evidence argues for 
only considering candidate A 
further. When presented as part of 
a set  of symbols, candidate B migh t  
also do we1 1,  

RANKING DISTRIBUTION 
OF EACH SYMBOL m 

e 
Best r-------t Wors t '71 -. 

v) p< * l - 1 1 2 3 4 5 6 1 1 MEAN - 



Besit = 7 Mean 

Additional Suggestion r 

1 5 ,  BRAKE FLUID LEVEL / 

Drivers were extremely consistent in 
their preference among these candi - 
dates as indicated by the large 
value of Friedman's S and the group- 
ing of the rankings :long the main 
diagona7 of the table. Drivers 
preferred symbols showing the side 
view of a foot and pedal above a 
wavy line for fluid surface (A-C)  and 
disliked a truck going down hi11 ( D ) ,  
a cross section of a fluid reservoir 
( E ) ,  a stop sign ( F ) ,  or a brake 
shoe ( G )  . Except for candidate E 
(included in their study), Green and 
Burgess, 1980 report the same 
findings. Deserving further eval ua- 
tion are candidates A and B (which 
were n o t  s tatist ically different) and 
G .  ( G  is  a modification of an exist- 
ing IS0 brake system symbol and may 
receive higher rankings when pre- 
sented with other brake symbols which 
were not  evaluated in this s t u d y . )  
Also deserving further eval uati on i s  
candidate I of  Green and Burgess , 
1980 (shown below), a simp7 ified ver- 
sion of candidate C from this set. 

Friedman's S = 107.64, p < .001 - - 
RANKING DISTRIBUTION 

OF EACH SYMBOL m s 

SY M- 
Best - Worst : 

B O L  1 2 3 4 5 6 71'1 MEAN -- pc.1 

C- median 



The candidate consisting of two brake 
shoes with two arrows indicating 
pressure on them, and a foot depress- 
ing a brake pedal ( A )  was preferred. 
I t  received 2/3 of the #I rankings 
with only one ranking below #3. I t  
was so ranked because i t  focused on a 
consequence of low a i r  pressure in 
trucks--no brakes. None of the other 
candidates (arrows and brake shoes 
alone [El , a pressure vessel and 
guage [C], a balloon bursting [ D l ,  a 
warning triangle [El , arrows and a 
circle [F] )  were effective in repre- 
senting "air  pressure," an invisible 
entity. The subjects of Green and 
Burgess, 1980 a1 so had problems wi th 
symbols for a i r  pressure. 
While candidate A is  significantly 
better than the others, more meaning- 
f u l  a1 ternatives should be sought. 
Candidate A i s  very complicated and 
wi 11 become i 1 legible when reduced t o  
sizes sometimes found on instrument 
panel s . 

Friedman's 2 = 37.91, p < .001 

RANKING DISTRIBUTION 
OF EACH SYMBQL 

m 
t Best +-t Worst 

SY M- VI 
V) 

BOL 1 2 3 4 5 6 'f MEAN 

A 3 4  0 0  1 3 1 . 5 3  
B 5 4 5 0 8  3 3 3 . 5 3  

0 - median 



Drivers preferred images depicting a 
truck going down hi 11 , especially 
when the letter "J" was beneath i t .  
(The J stands for Jacobson brake, a 
common transmi ssi on-type retarder .) 
The "J" may not be meaningful t o  non- 
American drivers , because another name 
might be used or because other desi ns 
(for example, exhaust based systems , 
may suggest different images. 

3 
Candidates B and D are interesting 
examples of the command-error prob- 
lem. Should the label show the 
error (the truck is going down the 
hi 11 too fast ,  [BI ) or the command 
t o  the vehicle, what the control 

4 - should do,  ( D )  (slow the vehicle 
down)? Drivers preferred the error 
label ( B )  , b u t  conventional wisdom 
says a control label should indi- 

F cate what the control does (select 
D )  . For this and other reasons, 
A-D deserve further study a1 ong with 
a version of A showing only a truck 
going downhi 11 . (see be1 ow) 

Worst = 6 

Friedman's 2 = 50.92, p- < .001 

Addi tion'al Suggestion r 1 

RANKING DISTRIBUTION 
OF EACH SYMBOL rn 

C - 

Best +------) Worst " ;!!- 1 1 2 3 4 5 6 1; I MEAN 
13 @ 6  2 0 0 4 1.90 

E 
F 

0 - median 

0 1 4  6 @  9 

2 2 1 2 0  12 
5 
5 

4.71 
4.79 



Best = 1 

I Mean 
Rating 

2 

Worst = 8 J 

Addi t iona l  Suggestion 
r - -  -l 

As ind ica ted  by the l a rge  number of 
missing responses, many d r i ve r s  d i d  
no t  l i k e  any o f  the a l te rna t i ves  and 
d i d  no t  rank them. The favored 
candidate was a sf de view of an 
engine block w i t h  an arrow po in t i ng  
t o  the a i  ve c leaner ( A )  , w i t h  a cross 
sect ion o f  a t ruck type a i r  f i l t e r  
(B) being ranked second. As shown i n  
the f igu re ,  they stood ou t  from the 
o ther  candidates though there were no 
s t a t 1  s t i  sat di f ferences among the top 
f ive .  Candidate F, a symbol found on 
some products, was d i  s l  i ked by t ruck  
d r i  vero . 
The f i v e  top and poss ib ly  j u s t  the 
two top-ranked candidates should be 
studied f u r t he r ,  along w i t h  a vevesion 
o f  candidate A i n  which the fan i s  
shown as an out1 i n e  form (shown 
below). Presenting the a i r  f i l t e r  as 
a s o l i d  draws a t t en t i on  t o  i t. Given 
the d r i v e r  react ions mentioned above, 
add i t i ona l  ideas are also needed. 

Friedman's 5 = 14.84, < .05 

RANKING DISTRIBUTION 
OF EACH SYMBOL o, 

C 

SYM- Best I(-+ Worst ' z  
V) p < .  1 

BOL 1 2 3 4 5 6  7 8 Z M E A N -  4 

P - median 



Best = 1 Mean I Rating 
n 

There were statist ically signi ficant 
dri ver preferences for symbol s 
either showing the side view of a 
t ra i ler  with a rear facing 1 ight ( A )  
or the side view of a tractor cab 
w i t h  a similar light ( B ) .  Both 
candidates should receive further 
eval uation. 

Worst = 7 J 

3 - 

Friedman's S = 63.30, g c ,001 - 

There should be more than one load- 
ing light symbol because o f  
mu1 t i  p l  e mounting 1 ocati ons , (Use 

RANKING DISTRIBUTION 
OF EACH SYMBOL m 

E 

candidate A when the light is  a t  
the front of the t ra i ler ,  B when i t  
is  on the back of the cab, and 
develop a symbol for when i t  i s  
mounted a t  the rear of the cargo 
area. ) Whatever image or images 
are chosen, according t o  the 
ratings, they should face t o  the 
rear and be attached t o  the vehicle 
( A ,  B versus C ,  E ) .  In addition, 
there is  a need for context ( A ,  B 
versus D, F ) .  

'F 

SYM- Best +-+Worst 
pc.1 BOL I 1 2 3 4 5 6 7!E,MEAN-- 

0 - median 



Best = I 

Rating 1 Mean 
An essential ingredient of an axle 
1 i f t  symbol i s  an up/down arrow ( A ,  
8, C, and B versus E and F ) .  The 
element is  contained in candidate A 
showing a raised wheel on a tractor. 
Also we1 1 ranked was the "dumbbel I " 
(0) .  Candidate B may be a superlor 
choice for axle l i f t  since i t  could 
be for either a tractor or trailer.  
ax1 e. Furthermore, when presented 
as part of a set ,  i t  may be more 
meaningful as i t  contains the same 
basic concept used in some differ- 
ential lock symbols. The differ- 
ence in the mean rankings QP A and 
B is due t o  how many drivers made 
them their second and third choices. 
Candidates A-C should be studied 
further. I n  addi t t o n ,  the candi- 
date shown below ( n o t  incl uded in 
the set tested) should be con- 
s i dered . 

Worst = 6 A 

Friedman's = 19.88, < .QI 

RANKING DISTRIBUTION 
OF EACH SYMBOL m 

s 
Best -4-+ Norst 'z 

Additional Suggestion 
r 1 

SYM- GI pC.1 
B O L  1 2 3 4 5 6IZIMEAN- -.) 

0 - medi an 
a - median = 4.5 



BEST = 1 7 Mean I Rating 

Worst = 7 --i 

I 11, GEARBOX IALFUNCTION I 

S i  deviews of a transmission housing 
( A  and B )  were favored over candi - 
dates presenting gears ( C ,  D ,  E and 
F )  suggested by manufacturers, or a 
shift pattern ( G )  for gear box mal- 
function. Drivers preferred the 
transmission housing with the slash 
across i t  ( A )  t o  the cracked a1 ter- 
nati ve ( B )  though the difference was 
not  statistically significant. On 
the other hand the f i r s t  and second 
choice rankings show a clear prefer- 
ence for A over B (17 versus 3 for 
rank 1, 6 versus 13 for rank 2 ) .  
Candidates A and B should be 
examined further in an international 
test. 

Friedman's S = 29.46, < .001 - 
RANKING DISTRIBUTION 

ul OF EACH SYMBOL =, 
Bes t-=q--Mrs t 

pc.1 
ruI.L, 

C - median 



By a wide margin, the most popular 
choice for winch showed the cable 
wrapped around the winch spool ( A ) .  
1% was ranked #I by over %/2 of the 
drivers. The realist ic U.S. Army 
candidate ( A )  was preferred over an 
abstract a1 ternati ve ( E )  . Candddate 
B ,  D, and F (tow truck winch) are 
inappropriate for general use. 
Quite often the winch i s  mounted i n  
other places (for example, on the 
front of jeep type vehicles. I t  is  
recommended that a more clearly 
drawn venion of candidate A ( b u t  
no t  candidate E )  , be added t o  IS0 
standard 2575 w i t h o u t  further 
evaluation. 

Friedman's 2 = 25.51, p < ,001 

RANKING DISTRIBUTION 
OF EACH SYMBOL m c 

pc.1 - 

I 
0 - median 

34 



Best 

@ 
Mean 
Rating 

'I Worst = 9 

Truck drivers were almost unanimous 
in selecting the le t ter  triple "PTO" 
as a way t o  represent power take off. 
Of the 31 drivers responding, 30 
rated i t  number one. Two d i d n  ' t 
respond. In conversation, this 
abbreviation i s  used by American 
truck drivers instead of the formal 
function name. As with the symbol 
for the retarder ( J  Brake) this 
character-based candidate may n o t  be 
understood by non-Engl i sh speaki ng 
drivers. I t  deserves further study. 
Of the symbols remaining , there were 
no clear favorites . Once drivers 
ranked "PTO" as number one, they 
were not  careful in ranking the 
remaining candidates. A11 of the 
candidates for power take off need 
t o  be examined in set  context. I n  
particular, candidates G ,  H ,  and I 
would probably fare batter when 
presented w i t h  other symbols for 
mechanical power transmission, such 
as differential lock. 

Friedman's 2 = 86.27, p- .: ,001 

RANKING DISTRIBUTION 
OF EACH SYMBOL m 

r= 
B est  +-b Worst 'G; 

SYM- I V) PC.  1 
BOL i 1 2  3 4 5 6 7 8 9 1 z l M E A N -  

0 - median 



Best = 1 , 

Worst = 6 L@ 
Additional Sugges t i  ons 

I-- 1 

14, TRAILER CONNECTION/ 1 LOCK-UP 1 
I n  general , drivers preferred candi- 
dates showing a f i f th  wheel (A )  over 
those showing the consequences of 
being disconnected (B-0) or those 
depi e t i  ng the a i r  and el ectr i  caP 
1 i nes . More specifically , the 
unexpected favorite symbol for this 
function showed the f i f t h  wheel face 
with a superimposed slash ( A ) .  
Second and third ranked were an " X "  
over the side view of a t rac tor  ( B )  
and an alternative where a padlock 
replaced the " X "  ( C )  . (As w i t h  cab 
lock-down, i t  is not known i f  non- 
Ameri ean drivers wi l 1 asssci ate the 
padlock with locking. ) While there 
were differences among A-C (1st 
place 20-4-4: A-B-C; 2nd place: 
3-13-11), they were no t  s t a t i s -  
t ical l y  significant. These three 
candidates should receive further 
study along with two alternatives 
not evaluated (shown below): 1) a 
modification of A where the 5 t h  
wheel i s  drawn as a so1 i d  figure and 
the slash i s  omitted, and 2) a side 
view of a tractor showing only the 
back end. 

RANKING DISTRIBTUION 
OF EACH SYMBOL m 

c 

C - median 
a - median = 2.5 
b - median = 4.5 

- 

SYM- Best +-+Worst '5; 

BOL 
PC.  1 

MEAN- 1 2 3 4 5 6 
vl 

E 



Drivers were unable t o  agree which 
candidate was best for engine stop. 
Curiously , the t h i  rd ranked candi - 
date ( C )  received more f i r s t  place 
votes (14 versus 4)  than the t o p  
ranked candidate ( A )  b u t  also 
received far more last  place votes 
(6 versus 0) . I t  is  obvious, 
however, that F, a slash through an 
abstract engine block, i s  undesired. 
Additional candidates should be 
created for this function. 
These rankings do not  offer clues as 
t o  how engine stop should be 
depicted . For example , candidates 
wi t h  slashes through them were b o t h  
a t  the t o p  and bottom of the 1 i s t ,  
as were candidates showing an - 
engine block or a key. I t  i s  also 
unclear whether an octagon (an 

F American signing convention for 
stop) is  informative. 

Friedman's S = 38.99, p- < .001 - 
RANKING DISTRIBUTION 

ISI OF EACH SYMBOL 

SY M- Best 4-j Worst v, 
VI pc.1 

BOL 1 2 3 4 5 6 MEAN-, 

0 - median 
a - median = 2 . 5  
b - median = 5 . 5  



Best = 1 

Rating 
1 16 ,  FUEL SHUTOFF 1 

A modification of the existing IS0 
symbol for  fuel (by adding a slash) 
was the highest ranked candidate for 
fuel shutoff. Preferences for i t  
were not  significantly different 
from those showing a fuel nozzle 
w i  t h  a break in the l ine (B)  or a 
slash over i t  ( D )  or a truck fuel 
tank with a slash through i t  ( C )  . 
Almost half of the drivers voted for 
A as the preferred symbol versus 
only three who voted for B. B was 
the preferred second choice. Some 
caution must be used i f  A i s  
adopted for fuel shutoff. I t  could 
be misinterpreted as a symbol for 
low (or no) fuel ( a  command-error 
problem) . - 
While signi ficant differences were 
no t  found among the f i r s t  four 
candidates, i t  is suggested that 
the t o p  five receive further study 
along with the two modifications of 
candidate E (break i n  the fuel l ine 
between the tank and the engine) 
shown below. 

Friedman's S = 56.45, p < . O Q 1  

RANKING DISTRIBUTION 

:I 

OF EACH SYMBOL m G 

P < 
rV 

Worst = 8 

- Additional Suggestions 

0 - medi an 



= 1 Mean 
Rating 

17, DIFFERENTIAL LOCK 

For differential lock there was no 
s ta t i  s t i  cal d i  fferences among the 
three leading candidates (an  axle, 
4 t i res ,  and a padlock [ A ] ,  an " X u  
in place of the padlock [C] , or a 
detailed cross section of a differ- 
ential with a padlock in the center 
[ B ]  ) . Drivers preferred a pad1 ock 
t o  depict locking ( A  and 8) over 
using X through the differential 
( C  and D )  . The 1 anguage-re1 ated 
reservations expressed previously 
regarding padlock and locking are 
appropriate here. Candidate D i s  
somewhat abstract and should not be 
considered further. Because of 
those reservations, further study 
of a11 b u t  candidate F should be 
considered using a mu1 ti national 
set  of drivers . 

I Worst = 6 
Friedman's 2 = 20.21, < .01 

- 

RANKING DISTRIBUTION 
m OF EACH SYMBOL 

SYM- Best f-). Worst 
80L 1 2 3 4 5 6 / MEAN 

8 - median - median = 4.5 

39 



Best = 1 

Rating 1 Mean 

18, I NTERAXLE DIFFERENTIAL I 
LOCK 

Symbol elements preferred by 
dri vers for this functi on i ncl uded 
plan vtews over side views ( A ,  B ,  and 
E versus C ,  D, and F), and represent- 
ing locking w i t h  a padlock ( A  and C )  
as opposed t o  using an " X u  ( B  and E )  
or arrows t o  represent power trans- 
mission ( C ,  D, and F ) .  The sp l i t  
horse ( H )  d i d n ' t  fare too we91 and 
was laughed a t  by some drivers, O u t  
t o  pasture for Mr. Ed. 

There was almost no difference 
between the t o p  two candi dates -- 
drive train plan view w i t h  padlock - ( A )  or " X "  ( B ) .  A s  with cab lock 
down and differential lock, the pad- 
lock may not  be meaningful t o  non- 
English speaking drivers. Of the 
remaining alternatives, the dark " X u  
(8) is  favored. (For the differen- 
tial lock and the interaxle lock, 
the reverse contrast "X "  received 
lower pa t ings  than the positive 
a1 ternati ve. ) Given the outcome of 
the statist ical  tes t ,  the top  Pi ve 
candidates should be considered fop  
evaluation w i t h  a mu1 tinati anal 
driver sample. 

Friedman's - S = 83.89, p < .O1 

RANKING DISTRIBUTION 
OF EACH SYMBOL 

pc.1 
LIlrS 

- 

- - . - 

0 - median 

40 



CONCLUSIONS 

1) The symbol production experiment proved to be an 

invaluable source of ideas for symbols, Drivers' 

suggestions for the eighteen functions were in most cases 

vastly different from those of manufacturers. In 

addition, for some functions, no manufacturers' 

suggestions were available. Consequently, a symbol 

production experiment is recommended as the first step in 

a symbol development project. 

2 )  The authors may have stumbled upon a measure of a 

symbol's "imageability," the number of missing responses. 

This number should be useful in establishing an 

acceptance criterion in studies of meaningfulness. (In 

previous studies, such as Green and Burgess, 1980, 

student subjects were required to produce a drawing for 

each scenario,) 

3 )  Certain conventions, such as letters (PTO) or simple 

images (padlock), can be very meaningful symbol elements 

for limited populations such as American truck drivers. 

It is unknown if those conventions will transfer well 

across cultures or languages. 

4 )  Drivers preferred simple, uncluttered symbols. Abstract 

symbols (usually suggested by manufacturers) were ranked 

very low. 

5 )  Truckers and automotive engineers have very different 

ideas of what a "good" symbol is, Engineers tend to 

develop symbols that convey the operating mechanism of 



the function being described. Truckers tend to 

concentrate on the external view of the equipment, For 

example, engineers associate a gear(s) with the 

transmission function, while truckers prefer to use a 

gear shift lever. Some might not have expected this 

result, since truckers, unlike student subjects, are 

usually intimately familiar with the internal workings of 

their trucks. 

6) In general, symbols developed by engineers or included in 

international standards were ranked lower than symbols 

based on drivers' suggestions. This is especially true 

for engine oil temperature. Because sf that and 

carryover problems, new IS0 symbols should be adopted for 

engine oil and coolant temperature. 

7) This study did not lead to firm conclusions for all 

functions examined. However, for several functions, 

preferred candidates were found. In other cases, further 

study is required. 

8) Lastly, it is important to note, especially for students 

and those unfamiliar with the conduct of research, how 

long a study of this complexity takes to prepare. 

Approximately 20 hours were devoted to the actual 

interviewing process while over 200 hours were devoted to 

preparation of the questionnaires, analysis of the 

collected data, and preparation of a very preliminary 

version of this report. Many more hours were spent 

generating the final draft. It is quite normal for the 



testing phase of an experiment to take considerably less 

time and effort than the preparation of the report 

itself. 
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THE L?~qI\'ERSITY OF ,L1ICHIGt4?4 

We are performing a study for the Society of Automotive Engineers 
and the International Standards Organization t o  develop a standard set 
of symbols. These symbol s will be used t o  label controls, warning 
1 i ghts , and gauges on truck i nstrurnent panel s . 

A number of symbols for various controls and warning 1 ights has 
oeen proposed by angineers. However, i t  is  important t o  know tne 
opinions of those who are going to use the symbols, namely truckers. 
Therefore, your views will be useful to us. 

On the next page of the questionnaire you will f i n d  descriotions 
of different situations i n  which warning 1 ights and controls n i g h t  be 
used. Please dm one picture that you think best identifies the warn- 
ing  l i g h t  and/or contra1 for the situation described. 

Draw each picture as large as possible i n  the space provided. 
Pictures need not  be art is t ic .  So, don't worry i f  your drawing looks 
a l i t t l e  crude. 

Don ' t use letters or words i n  your drawings as we woui a 1 i ke these 
symbol s to  be 1 angugage independent . 

You only need t o  draw the symbol that will appear on the control or 
display and n o t  the switch or gauge on which the symbol wi 11 appear, 
For controls, the symbols will only be used t o  identify what the cm- 
tro7 is ( for  example, lights, wiper) and not  the control settjng 
(on/oif, fastjslow) . 

A ~ o o d  symbol will be meaningful and simple. 

The following are a few symbols that have alroady been accnptsd 
by the International Standards Organi z a t i o n .  

Upper beam 8artery charging condition Vantilaring fan 



T H E  U N I V E R S I T Y  O F  M I C H I G A N  

aiographi cal Data Sheet Subject d 

1. Age - 
2 .  Sex (c i r c l e  one) ma1 e iemal e 

3. Where have you lived for the past 5 years? 
(country) 

4. Have you lived in any foreigh country (not U.S.A. ) for  more than 
3 years ( c i r c l e  one) no Yes 

I f  yes, which country and how long? 
country ti me 

5. Did you graduate from: junior high high school college 

(cl  rcle the highest level completed) 

6. Circle al,l relevant job types : 

independent trucker company trucker 

full-time trucker part-time trucker 

7 .  What i s  the average number of miles that  you drive annually? (cars 
and trucks ) 

8. What k ind  of trucks do you drive? 

pick-up or van step truck s t ra i  g h t  truck 

t ractor  t r a i l e r  (single vs. tandem ax1 e ,  conventional vs. 
cab over, single vs. tandem t r a i l e r )  
(c i rc le  a l l  tha t  apply) 

9 .  How long have you driven trucks? (years) 

10. What other types of vehicles have you driven? (exclude cars) 

farm vehicles ( e . g . ,  combine) bus military ( tank) .  

construction (road grader, bul l dozer) other 
(c i rc le  a l l  those that apply) 



T H E  U N I V E R S I T Y  O F  M I C H I G A N  

1. CAB LOCK DOWN - 2 .  DUMP LOAD 

You 'lifted the cab t o  check o u t  Suppose you are in a dump truck or a 
something i n  the engine. After you tractor w i t h  a dump trai 1 er and  .you 
have lowered the cab and  try t o  want to raise the dump body. Draw 
start  the truck a warning light the symbol t h a t  could be used t 3  
comes on indicating t h a t  the cab was - 1 abel the dump 1 oad control . 
not  locked down properly. Draw a 
symbbl t h a t  could appear on a warn- 
ing 'I ight for this purpose. 

3 .  ENGINE OIL TEMPERATURE - 4. O I L  FILTER 

As you are driving, the temperature As you are driving, the oil f i l t e r  - 
of the engine o i l  rises above the in your truck's engine becomes 
safe operating 1 imi t s ,  Draw the clogged and a warning 1 ight comes 
symbol which might appear on the on .  Draw the symbol t h a t  should 
warning light for this purpose. appear on t h a t  l i g h t .  



T H E  U N I V E R S I T Y  O F  M I C H I G A N  

5 .  FLUID LEVEL 6. A I R  PRESSURE 

As you are driving the brake fluid As you are dri vi n g  , the a i  r pressure 
1 eve1 becomes dangerous= i n  the brake system falls  below the 
=a symbol t h a t  c o u l d  appear on normal level Draw a symbol wh'eh 
a warning light for this purpose. could appear on a warning 7 i g h t  for 

t h a t  purpose. 

7 .  RETARDER 

Suppose you are driving a truck 
down a steep hi 11 . To reduce 
brake wear, you use the retarder 
instead of the normal air  brakes. 
Draw the symbol t h a t  identifies 
the retarder cont ro l .  

8. A I R  FiLTER 

As you are driving, the air f i l te r  
i n  your truck's engine becomes 
clogged w i t h  dirt.  Draw the symbol 
t h a t  might be used t o  label the 
warning light for this purpose. 



T H E  U N I V E R S I T Y  O F  M I C H I G A N  

9 .  LOADING LIGHT 10.  AXLE LIFT 

Suppose you want t o  unload your t r u c k  Suppose you a r e  d r i v i n g  w i t h  a l i g h t  
a t  n i g h t  and dec ide  t o  turn on t h e  load and you want t o  l i f t  a s e t  of 
loading 1 i g h t  t o  i 11 uminate t h e  load- - wheels t o  minimize ti r e  wear. Draw 
ing a rea  o f  t h e  t r u c k .  Draw t h e  a symbol t h a t  might be used t o  l a b e l  
symbol t h a t  might i d e n t i f y  t h i s  the  a x l e  l i f t  c o n t r o l .  
c o n t r o l .  

GEARBOX MALFUNCTI ON 11. - 1 2 .  WINCH 

Draw a symbol t h a t  might appear on Draw a sumbol t h a t  might be used t o  
a warning l i g h t  t o  i n d i c a t e  any l a b e l  the winch c o n t r o l .  (Note:  - 
t ransnl iss ion gearbox malfunction.  Don't  develop a symbol f o r  the cont;rol 

p o s i t i o n s  [pay o u t ,  pull  i n ,  f r e e  wheel 
brake] . ) 



T H E  U N I V E R S I T Y  O F  M I C H I G A N  

1 3. POWER TAKE OFF 

Suppose your truck has an external 
device that  i s  powered by the 
t ruck 's  engine ( fo r  example, a cement 
mixer drum).  A t  some time you want 
t o  s t a r t  or stop the power supply t o  
this  device. Draw the symbol that 
best describes what the symbol for 
the power take off should look 1 i ke. 

1 5. ENGINE STOP 

Suppose, for some reason, you  need 
t o  stop the engjne. Draw a symbol 
t h a t  might be used t o  label this  
control. 

TRAILER CONNECTION/LOCK-UP 

You are about to  s t a r t  your t ractor  
when a warning 1 i ght goes on  t e l l  i ng 
you t h a t  the t rac tor  and t r a i l e r  are 
no t  connected properly, ( m d  be 
either the f i f t h  wheel i s  net locked 
or the a i r  or electr ical  Sines are 
d i  sconnected .) Draw the symbol that 
could appear on a warning l ight  for 
this purpose. 

16. FUEL SHUTOFF 

Suppose, for some reason, you need t o  
shut off the fuel supply t o  the 
engine. Draw- symbol that could 
appear on or next to a control for 
this purpose. 



1 7 7. DIFFERENTIAL LOCK 

T H E  U N I V E R S I T Y  O F  M I C H I G A N  

You are driving a tractor w i t h  a 
single drive axle on a sl  ippery 
road. To improve traction vau 
want .to lock' the differential.  
Draw thesymbol t h a t  could be 
used to label this control. 

1 8 . INTERAXLE DIFFERENTIAL LOCK 

You are drivina a tandem tractor on 
a slippery roaz. To improve traction 
you want t o  lock the interaxle 
d i f ferent ia l lnre  third different4ial). 
Draw the symbol t h a t  should be usad 
t o  identify this control . 





APPENDIX 3 

TR,UCK DRIVERS'  DRAWINGS FROM THE PRODUCTION EXPERIMENT 
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SYMBOL PREFERENCE SURVEY FORMS 
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THE 1- ';!jV ERSITk OF IAIICHIG+!\I 

We are performing a study for the Society of Automotive Engineers 
and the Internati ona1 Standards Organization t o  develop a standard set 
of symbols. These symbols will be used t o  label controls, warning 
lights,  and gauges on truck instrument panels. 

Some o f  the symbols that appear in this study have been proposed by 
automotive engineers. Other symbols have been developed from trucker's 
suggestions. 

I n  the near future, you may see some of these symbols on truck 
instrument panels. Since you could be driving one of these trucks, your 
views are needed t o  select the best symbols for each control and display. 

On the following pages, please rank - a1 1 of the symbols i n  order of 
your prleference from best t o  worst (indicate your f i r s t  choice by marking 
i t  numbler 1). 

Please do not consult with anyone while completing the survey. 
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7. RETARDER 

Suppose you are d r i v i n g  a  t ruck  down a  steep 
h i l l .  To reduce brake wear, you use the 
re ta rder  ins tead o f  the  normal a i r  brakes. 
Rank the  6 symbols below which i n d i c a t e  the  
re ta rder  con t ro l  f rom best  t o  worst  (best=l ,  
iGEGq-. 

8. A I R  FILTER - 
As you are d r i v i n g ,  t he  a i r  f i l t e r  i n  your 
t r uck ' s  engine becomes c l o g g e d  d i r t .  The 
8 symbols below a11 i n d i c a t e  t h a t  something i s  
c logg ing the  t r uck ' s  air f i l t e r .  Rank the 
f o l l ow ing  8 symbols from best  t o  worst  ( bes t= l  , 
worst= 8). 
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1 1  . GEARBOX MALFUNCTION 

Rank the fo l lowing symbols , representing 
a gearbox malfunction from best  t o  worst 
(best= l ,  w o r s t = q .  

12. WINCH 

Rank the fo l lowing 5 symbols t h a t  represent 
the  winch contro l  from best  t o  worst ( b e s t = l ,  
worst=-IJ- 
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1 5 . ENGINE STOP 

Suppose, f o r  some reason, you need t o  s t o  + the engine. Rank the f o l l ow ing  6 symbols t a t  may 
be used f o r  t h i s  a c t i o n  from best  t o  worst  
(bes t = l  , wors t=6). 

16 . FUEL SHUTOFF 

Suppose, f o r  some reason, you need t o  -- shut o f f  
the  f u e l  supply t o  t he  engine. The f o l l o w i n g  
6 s y m s  i n d i c a t e  the f u e l  shu to f f  con t ro l .  
Rank the  8 symbols b e l o n o b e s t t o  worst  
(bes t = l  , worst= 8). 





T H E  U N I V E R S I T Y  O F  M I C H I G A N  

Biographical Data Sheet Subject # 

1. Age - 
2 .  Sex (c i rc le  one) ma1 e female 

3 .  Where have you 1 ived for the past 5 years? 
(country) 

4. Have you lived in any foreigh country (not U.S.A.) for more than 
3 years (c i rc le  one) no Yes 

If yes, which country and how long? 
country time 

5. Did you graduate from: junior h i g h  high school college 
(circle  the highest level completed) 

6. Circle a l l  relevant job types: 

independent trucker company trucker 

full  -time trucker part-time trucker 

7 .  What i s  the average number of miles that you drive annually? (cars 
and trucks) 

8. What kind of trucks do you drive? 

pick-up or van step truck s t ra i  g h t  truck 

tractor t r a i l e r  (single vs. tandem axle, conventional vs. 
cab over, single vs. tandem t r a i l e r )  
(c i rc le  a1 1 that apply) 

9.  How long have you driven trucks? (years) 

10. What other types of vehicles have you driven? (exclude cars) 

farm vehicles (e. g . ,  combine) bus m i  1 i tary (tank) 

construction (road grader, bull dozer) other 
(c i rc le  a11 those that apply) 
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