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INTRODUCTION 

Cars a r e  des igned t o  move peop le  and goods f rom p l a c e  t o  p l a c e  

s a f e l y  and e f f i c i e n t l y ,  I n  t h e  process o f  a c h i e v i n g  t h a t  g o a l ,  d r i v e r s  

use t h e  i ns t rumen t  panel  d i s p l a y s  t o  check i f  t hey  have enough f u e l  t o  

reach  t h e i r  d e s t i n a t i o n s  and i f  they a r e  go ing  a t  a  s a f e  speed. 

Fur thermore ,  e s p e c i a l l y  i n  c a r s  w i t h  a  manual t r ansmiss ion ,  i t  i s  a l s o  

h e l p f u l  t o  know t h e  eng ine  speed, so as t o  d r i v e  e f f i c i e n t l y .  I t  i s  

t h e r e f o r e  i m p o r t a n t  t h a t  t h e  d i s p l a y s  a s s o c i a t e d  w i t h  t h i s  i n f o r m a t i o n  

be b o t h  l e g i b l e  and unders tandab le .  Well  des igned d i s p l a y s  h e l p  d r i v e r s  

make w ise  d e c i s i o n s  about  t h e  i n f o r m a t i o n  p resen ted  and m i n i m i z e  eyes- 

o f f - t h e - r o a d  t i m e  (and t h e  chances o f  an a c c i d e n t )  . 
Wh i le  t h e r e  i s  good i n f o r m a t i o n  a v a i l a b l e  on t h e  u n d e r s t a n d a b i l i t y  

o f  f u e l  gauges (Green and Lev i  ne, 1982) , t h e  1 eg i  b  i 1 i t y  o f  speedometers 

(Ba ines ,  S p i c e r ,  Ga le r ,  and Simmonds, 1981), and t h e  l e g i b i l i t y  o f  

d i s p l a y s  i n  gene ra l  (McCormick and Sanders, 1982; U . S .  Department o f  

Defense, 1981) , t h e  unders tandab i  1 i  t y  o f  speedometers and tachometers 

has n o t  been e x p l o r e d .  

T h i s  r e p o r t  d e s c r i b e s  t h e  f i r s t  i n  a  s e r i e s  o f  exper iments  

conce rn ing  speedometers and tachometers.  Given s p e c i a l  emphasis i n  t h i s  

s e r i e s  a r e  what new f e a t u r e s  can be added t o  these d i s p l a y s  t o  i nc rease  

t h e i r  u t i l i t y .  I n  t h i s  exper iment  d r i v e r s  were asked what they  used 

t h e s e  d i s p l a y s  f o r ,  when they  d i d  so, and why. (Whi le on- the- road eye 

f i x a t i o n  r e c o r d i n g s  wou ld  have more d i r e c t l y  examined these  ques t i ons ,  

t h e r e  was n e i t h e r  t i m e  nor t h e  funds t o  c o l l e c t  them.) I n  a  f o l l o w - u p  

expe r imen t  d r i v e r s  w i l l  b e  shown seve ra l  nove l  d i s p l a y s  and be  asked t o  

e x p l a i n  what t hey  show. I n  a  t h i r d  exper iment ,  now i n  t h e  p l a n n i n g  

s tages ,  d a t a  w i l l  be  c o l l e c t e d  on des igns  r e f i n e d  f rom t h e  second s tudy .  



TEST PLAN 

Test Participants 

Thirty-two licensed drivers (22 males and 10 females) participated 

in this experiment. Only those who drove vehicles equipped with 

tachometers were tested. The participants ranged in age from 16-55 with 

a mean of 3 2 .  Of those tested only four had not gone to college, though 

a surpr i s i ng 1 y 1 arge number were employed i n occupat ions requ i r i ng 

1 i ttl e formal education (homemaker, sales, etc.) . Except for a handful 

of University of Michigan employees, participants were recruited via an 

ad in the Ann Arbor News, Participants were paid $10.00 to complete the 

half-hour survey. Five of the persons scheduled could not participate 

in the survey because they thought their odometer was the tachometer. 

Participants drove a variety of vehicles. About half of them were 

foreign-made. The median age was about 4 years old, somewhat newer than 

the average car on the road today. Only five of the 32 vehicles had an 

automatic transmission. A1 1 vehicles are 1 isted in appendix A .  

Test Equipment and Materials 

Data were collected by using two duplicate IBM personal computers 

( 6 4 ~ ,  one disk dr ive) , each of which was operated independent 1 y by the 

experimenters. The program to conduct the survey (QTEST4) was written 

in BASIC by the author of this report. Its operation is described in 

the test activities section. The files containing the survey questions 

(TACH-Q) and thei r sequence (TACH-SEQ) were stored on a floppy disk. 

The development of this computer program and some associated analytic 

software was a significant aid to the conduct of the experiment, In 

previous studies and pilot versions of this experiment, paper and pencil 



methods were used t o  c o l l e c t  responses. Not  o n l y  d i d  i t  take  l ess  t ime  

t o  t ype  i n  responses than  w r i t i n g  them down, b u t  t h e  computer o u t p u t  was 

e a s i e r  t o  read  and was more r a p i d l y  ana lyzed.  

Towards t h e  end o f  t h e  t e s t ,  p a r t i c i p a n t s  were shown one o f  two 

c l u s t e r s  c o n t a i n i n g  tachometers,  e i t h e r  a  1979 Volvo o r  a  c l u s t e r  f rom a  

1982 Saab 900 Turbo.  The two c l u s t e r s  a r e  shown i n  F i gures 1 and 2. 

The tachometers i n  those c l u s t e r s  a r e  somewhat s i m i l a r  i n  des ign .  The 

c e n t r a l l y  l o c a t e d  Volvo tach  goes f rom 0  - 7000 rpm w i t h  red  band 

s t a r t i n g  a t  6000 rprn and a  c a u t i o n  band f rom 5500 t o  6000. The Saab 

tach  i s  on t h e  l e f t  and goes f rom 0-8000 rpm. The r e d  band i s  f rom 

6000-8000 rprn w i t h  a  c a u t i o n  band from 5500 - 6000. 

Tes t  A c t i v i t i e s  and T h e i r  Sequence 

The exper imenters  t e s t e d  p a r t i c i p a n t s  i n d i v i d u a l l y .  Tes ts  were 

conducted i n  t h e  expe r imen te rs '  o f f i c e s  a t  t h e  U n i v e r s i t y  o f  M ich igan  

T r a n s p o r t a t i o n  Research I n s t i t u t e .  A f t e r  t he  usual  f o r m a l i t i e s  o f  

read ing  t h e  i n s t r u c t  ions  and s i g n i n g  t h e  consent  form, t h e  exper iment  

began. As prompted by t h e  computer, t h e  exper imenter  read t h e  q u e s t i o n s  

presented on t h e  screen t o  each p a r t i c i p a n t  one q u e s t i o n  a t  a  t ime.  The 

p a r t i c i p a n t s  c o u l d  n o t  see t h e  computer screen. The exper imenter  

en tered t h e  responses as t h e  p a r t i c i p a n t s  s a i d  them. A t  a l l  t imes t h e  

exper imenter  had the  o p t i o n  o f  t e r m i n a t i n g  a  response (and go ing  on t o  

t h e  nex t  q u e s t i o n )  , rep1 ac i ng t h e  p r e v i o u s  response, o r  append i ng 

i n f o r m a t i o n  t o  i t .  

The su rvey  c o n s i s t e d  o f  72 q u e s t i o n s ,  n o t  a l l  o f  which each 

p a r t i c i p a n t  answered. The survey was o rgan ized  i n  seve ra l  d i s c r e t e  

p a r t s .  The f i r s t  s e c t i o n  concerned i n i t i a l  b i o g r a p h i c a l  da ta  (name, 

v e h i c l e ,  e t c . ) ,  asked how i t  came t o  pass t h e i r  v e h i c l e  had a 







tachometer, and i f  they  ever used i t .  Based on t h e  response t o  t h a t  

quest  i o n  (tachometer use r ,  non-user)  , s l  i g h t l y  d i f f e r e n t  s e t s  o f  

ques t i ons  were then  presented.  Those q u e s t i o n s  addressed when they  d i d  

(or might )  use i t ,  why they  m i g h t  (o r  n o t )  do so, and how o f t e n  and 

a c c u r a t e l y  they read  i t .  There were s i m i l a r  q u e s t i o n s  conce rn ing  t h e  

speedometer. I n  subsequent common s e c t i o n s ,  p a r t i c i p a n t s  were asked t o  

d e f i n e  assoc ia ted  terms ( f o r  exampl e, t o rque )  , answer t r u e / f a l  se 

ques t i ons  about t h e  meaning o f  t h e  r e d  l i n e ,  and a  second s e t  o f  check 

ques t i ons  conce rn ing  f requency and i ns tances  o f  use.  F i n a l l y ,  genera l  

comments were e l i c i t e d  and a d d i t i o n a l  b i o g r a p h i c a l  da ta  was o b t a i n e d  

(occupa t i on ,  educat  i on ,  age) . 
The survey q u e s t i o n s  and a  gu ide  t o  t h e i r  sequence a r e  c o n t a i n e d  i n  

appendix 8, except  f o r  f o u r  q u e s t i o n s  b u i l t  i n t o  t h e  c o n t r o l  program 

(exper imenter  I s  name, p a r t i c i p a n t s  ' name and number, and exper imenter  s 

c l o s i n g  comments). 

RESULTS A N D  DISCUSSION 

Ques t i ons  conce rn ing  t h e  tachometer  and summaries o f  t h e  answers 

f o l l o w .  The q u e s t i o n s  have been regrouped so t h a t  s i m i l a r  q u e s t i o n s  a r e  

l i s t e d  t o g e t h e r .  Top ics  covered i n c l u d e  how a  tachometer came t o  be 

i n s t a l l e d  i n  t h e  p a r t i c i p a n t ' s  v e h i c l e ;  where, why, and what peop le  

r e p o r t  they use t h e  tach  f o r ;  t h e  use o f  eng ine  sounds as a  s h i f t  cue; 

how p r e c i s e l y  t h e  tach  i s  read; how o f t e n  i t  i s  read;  unde rs tand ing  o f  

mark ings and te rm ino logy ;  responses t o  m a r k e t i n g  ques t i ons ;  and 

ques t i ons  conce rn ing  t h e  speedometer. 

Several  q u e s t i o n s  were t a r g e t e d  t o  subgroups o f  t h e  sample ( t ach  

users  o r  nonusers) and consequen t l y  t h e r e  were few responses.  For 

o t h e r s ,  where p a r t i c i p a n t s  gave reasons why they  d i d  something o r  when 



they  d i d  i t ,  t h e  t a l l i e s  may exceed t h e  number o f  peop le  t e s t e d ,  because 

seve ra l  p a r t i c i p a n t s  gave m u l t i p l e  responses.  

Tachometer I n s t a l l a t i o n  

The f i r s t  few q u e s t i o n s  concerned t h e  source  o f  t h e  tachometer i n  

t h e i r  c a r s .  Most d r i v e r s  s a i d  t h e i r  car  came w i t h  i t .  About 80% o f  

those t e s t e d  s a i d  they  used i t .  Of those who d i d  n o t ,  h a l f  were d r i v i n g  

c a r s  w i t h  au tomat ic  t r a n s m i s s i o n s .  

When you bought t h e  ca r . .  . [ q u e s t i o n  51 

Who i n s t a l l e d  i t ?  [ q u e s t i o n  61 

Responses 

a) d i d  i t come w i t h  a  tachometer  
b) d i d  you o rde r  i t as an o p t i o n  
c )  d i d  you add i t  l a t e r  

T o t a l  

# Choosing 

2 6 
3 
1 

3 2 

Do you ever use i t ?  [ q u e s t i o n  71 

Responses 

I d i d  
my b r o t h e r  

# Choosing 

2 
1 

Car Transmi ss i on Type 

manua 1 
au tomat i c  

T o t a l  

Yes 

2 4 
- 1 

2 5 

N o 

3 
- 4 
7 



When and Why i s  t h e  Tachometer Used? 

By and l a r g e  d r i v e r s  r e p o r t e d  they  use t h e  tach  t o  h e l p  them s e l e c t  

gears (about 1 /3  o f  t h e  responses,  depending on t h e  ques t  ion)  , w i  t h  t h e  

second most popu la r  reason b e i n g  t o  a v o i d  o v e r - r e v v i n g  t h e  eng ine.  They 

r e p o r t e d  t h e i r  use o f  t h e  tachometer  f o r  s h i f t i n g  was i n f l u e n c e d  by how 

much eng ine masking no i se  ( f rom t r a f f i c  o r  t h e  r a d i o )  was p r e s e n t  and i f  

t hey  were tow ing  a  t r a i l e r .  N e i t h e r  t h e  speedometer nor  t h e  tachometer 

i n  most p r o d u c t i o n  v e h i c l e s  p r o v i d e  any d i r e c t  i n f o r m a t i o n  as t o  when t o  

s h i f t .  ( I n  f a c t ,  whenasked f o r  comments, s e v e r a l  s u b j e c t s  complained 

about  t h a t  i n f o r m a t i o n  n o t  b e i n g  i n c l u d e d  i n  t h e  owner ' s  manual.)  A few 

s u b j e c t s  r e p o r t e d  they a l s o  used t h e  tachometer  t o  c ross-check  t h e i r  

speed. 

When g i v e n  s p e c i f i c  i n s t a n c e s  as t o  when they  m i g h t  use a  tach,  

p a r t i c i p a n t s  adopted some o f  t h o s e  as a d d i t i o n a l  t o  reasons they  had 

i n i t i a l l y  c i t e d .  P a r t i c u l a r l y  no tewor thy  was t h a t  a lmos t  a l l  d r i v e r s  

s a i d  they  would use the  tach  t o  check i d l e  speed (when g i v e n  t h a t  as a  

use) b u t  few had i n i t i a l l y  v o l u n t e e r e d  i t .  



When do you use t h e  tachometer? [ q u e s t i o n  111 
What f o r  and why? [ q u e s t i o n  121  
(on l y  tach use rs  responded t o  these ques t i ons )  

Response / # T i m e s M e n t i o n e d  

When s h i f t i n g  

t o  know when t o  s h i f t  
a v o i d  o v e r - r e v v i n g  t h e  eng ine 
p r o t e c t  t r a n s m i s s i o n  
c a n ' t  hear eng ine  ( t r a f f i c  

o r  r a d i o  masks) 
m i l e a g e / f u e l  economy 
p r o t e c t  transrni ss i o n  
mon i to r  eng ine  
a v o i d  l u g g i n g  
n o t  c l e a r  why 

A l l  t imes 

when go ing  l ong  d i s t a n c e - -  
f u e l  economy 

when tow ing  a  t r a i l e r  
t o  i d e n t i f y  problems w i t h  ca r  
check eng ine  behav io r  

unspec i f  i ed 
i d l e  
1 ugg i ng 
p r o t e c t  engi  ne /avo i  d  o v e r - r e v  

check speed ( i  n c l  . broken speedo) 
when r a c i n g / h o r s i n g  around 
o u t  o f  h a b i t ,  no s p e c i f i c  reason 

To ta  1 I 4 4 

How does t h e  tachometer a s s i s t  you i n  d r i v i n g ?  [ q u e s t i o n  161 
( tach  use rs  o n l y )  

Response 

he lps  w i t h  s h i f t i n g / g e a r  s e l e c t i o n  
a v o i d  o v e r - r e v / p r o t e c t  eng ine  
how eng ine i s  p e r f o r m i n g  
check speed 
n o t  v e r y  h e l p f u l / d o n l t  use 
unc 1 ear f rom response 

To ta  1 

# Times Mentioned 

10 
4 
2 
2 
7 
- 2 
2 7 



I n  which o f  the f o l l o w i n g  s i t u a t i o n s  would you use the tachometer? 
(A1 1 p a r t i c i p a n t s )  

Quest  i  on 

... t o  check the engine speed 
[ques t ion  7 11 

. . .  t o  check t h e  v e h i c l e  speed 
[ques t ion  731 

. . . t o  check RPM f o r  u p s h i f t  i ng and/or 
d o w n s h i f t i n g  [ q u e s t i o n  751 

No 

0 

2 0 

7 

Yes 

3 1 

1 1  

2 2 

Don ' t Know 

1 

1 



Not  o n l y  was t h e r e  i n t e r e s t  i n  d e t e r m i n i n g  why peop le  use 

tachometers b u t  a l s o  why they d o n ' t .  D r i v e r s  r e p o r t  they  d o n ' t  use i t  

because they  d o n ' t  need t h e  i n f o r m a t i o n  i t  p rov ides  and n o t  because i t  

i s  p o o r l y  designed.  Most o f  those who d o n ' t  use t h e  tach  d r i v e  c a r s  

w i t h  au tomat i c  t ransmiss ions .  Others who d r i v e  c a r s  w i t h  a  manual 

t r a n s m i s s i o n  r e l y  on t h e  engine sound. 

Why d o n ' t  you use t h e  tachometer? [ q u e s t i o n  311 
(on l y  nonusers responded) 

d o n ' t  need i t  (au tomat ic  t r a n s )  
d o n ' t  unders tand i t  
n o t  impor tan t  
response unc lea r  
d o n ' t  know 

Response 

T o t a l  

# O f f e r i n g  

. . .  Which o f  t h e  f o l l o w i n g  a r e  a p p r o p r i a t e  reasons i n  your case? 
(on1 y  nonusers responded) 

Response I yes I 
you c a n ' t  read t h e  tachometer 

[quest  i o n  321 
t h e  t a c h  i s  i n  a  bad l o c a t i o n  

[quest  i o n  333 
t h e  i n f o r m a t i o n  on t h e  d i s p l a y  i s  n o t  

p resen ted  i n  an unders tandab le  
way [quest  i o n  341 

you d o n ' t  need t h e  i n f o r m a t i o n  
t h e  tach  p r o v i d e s  [ques t i on  351 



Do you ever  f i n d  y o u r s e l f  even g l a n c i n g  o r  l o o k i n g  a t  t h e  tachometer? 
[ q u e s t i o n  361 (on1 y  nonusers responded) 

When and what f o r ?  
[quest  i on 371 

Yes (6) 

s h i f t i n g  on highway 1 

No (1) 

crosscheck speedo 1 
check i d l e  3 
c u r i o s i t y  1 

Why? [quest  i o n  383 

n o t  necessary 
(manual t ransmi  ss ion)  1 

(What do you t h i n k  a tachometer i s  supposed t o  be t e l l i n g  you? 
[ q u e s t i o n  393 (on1 y  nonusers responded) 

Response 

RPM/revolutions/rninute, eng ine speed 
( i n c l u d i n g  one response " r e v o l u t i o n s  
per m inu te  your p i s t o n  i s  going")  

When t o  s h i f t  

# Choosing 

5 



The responses t o  t h e  f o l l o w i n g  q u e s t i o n  a r e  i n t e r e s t i n g  t o  compare 

wi t h  those concern i  ng a c t u a l  use (when and why) . P rev ious1  y  t h e  

emphasis was on u s i n g  t h e  tachometer as an a i d  t o  s h i f t i n g .  Here, t h e  

emphasis i s  on check ing  the  engine speed ( independent  o f  what one does 

w i t h  t h e  i n f o r m a t i o n )  and p r o t e c t i n g  t h e  engine and d r i v e  t r a i n .  

I n  t h e o r y ,  why a re  tachometers i n  c a r s ?  [ques t i on  511 
(asked o f  a1 1 p a r t i c i p a n t s )  

Response 

g i v e s  RPM 

t o  check/moni tor  engine speed 
t o  determined how hard  engine i s  

work i ng/eng i ne s t r e s s /  
energy o u t p u t  

t o  a l l o w  d r i v e r  t o  keep a t  optimum 
f o r  c o n d i t i o n s  

shows maximum 
h e l p  c o n t r o l  eng ine  speed 
check engine performance 
h e l p  teach when t o  s h i f t  i f  n o t  

accustomed t o  sound 
o p t i m i z e  engine and t ransmiss ion  l i f e  

p r o t e c t  eng ine  
g i v e  i n f o r m a t i o n  about engine f o r  

those who know about them 
t e l l s  how f a s t  p i s t o n s  move 
something t o  do w i t h  engine 
don ' t know 

T o t a l  

- -- -- - - 

# Times Ment ioned 

Other Cues - Sound 

Wh i l e  p a r t i c i p a n t s  were n o t  asked i f  t hey  use sound o r  t h e  

tachometer  as t h e  most f requen t  s h i f t  cue, these d a t a  suggest  t hey  a r e  

used e q u a l l y  o f t e n .  Again, seve ra l  p a r t i c i p a n t s  no ted  t h e i r  use o f  

eng ine  sounds depended upon t r a f f i c  n o i s e  and how loud  t h e  r a d i o  was 

p l a y i n g .  I n  d e s i g n i n g  v e h i c l e s ,  eng ineers  have t r i e d  t o  e l i m i n a t e  b o t h  

t r a f f i c  n o i s e  and eng ine sounds. S ince d r i v e r s  r e p o r t  they  use eng ine  



sounds t o  s h i f t ,  t h e r e  may be a  p o i n t  a t  which sound p r o o f i n g  t h e  eng ine 

i s  n o t  d e s i r e d .  

Do you r e l y  on t h e  engine sound t o  know when t o  s h i f t ?  
[ ques t i ons  40, 261 

Nonusers 

Yes 2  I No 5 

Users 

Why? [quest  i o n  411 

easy t o  dea l  w i t h  sound 1 
don ' t know 1 

Then what do  you r e l y  on? 
[quest  i  on 421 

speed range 1 
n o t  appl  i c a b l e  4 

(automat i  c  t r a n s , )  

Yes 23  

Why? [quest  i  on 271 

good relationship/correlation 
w i t h  RPM 4 

need t o  look  e lsewhere 6 
n o t  c l e a r  f rom response 8 
ca tches a t t e n t i o n / e a s y  t o  do 2  
au tomat i c  t r a n s m i s s i o n  1 

No 2 

Then what do you r e l y  on? 
[quest  i  on 281 

tachometer 1 
n o t a p p l i c a b l e  1 

(au to  t r a n s  .) 



How P r e c i s e l y  i s  t h e  Tach Read? 

A lso  o f  i n t e r e s t  was how c l o s e l y  d r i v e r s  read t h e i r  tachometers.  

Shown below a r e  responses t o  such a  q u e s t i o n .  Many d r i v e r s  d i d  n o t  

unde rs tand  what was meant by " p r e c i s e l y "  and i t  was e x p l a i n e d  t o  them. 

Others  had d i f f i c u l t y  r e c a l l i n g  what t h e  v a l u e  i s .  

How p r e c i s e l y  do you read  i t  ( t h e  tachometer) and why? 
[quest  i o n  143 

Response 1 # Choosing 

100 RPM 
100-200 RPM 
200 RPM 
250 RPM 
500 RPM 
1000 RPM 
unab le  t o  even guess 
s u b j e c t ' s  response i s  

u n c l e a r  (m iss ing  data)  

To ta  1 I 2  5 

T a l l i e s  conce rn ing  why peop le  s e l e c t e d  those l e v e l s  were d i f f i c u l t  

t o  genera te .  Most respondents  s imp ly  d i d  n o t  answer t h a t  p a r t  o f  t h e  

q u e s t i o n .  Seven peop le  s a i d  they  read t h e  d i s p l a y  t o  t h e  nea res t  

g r a d u a t i o n  mark and two s a i d  they  i n t e r p o l a t e d  t o  t h e  n e a r e s t  h a l f  

g r a d u a t i o n .  



When check ing ,  how p r e c i s e l y  do you read i t  ( t h e  tachometer )?  
[ques t i ons  72, 74 ,  761 

1 .  T h i s  i n c l u d e s  one s u b j e c t  who s a i d  t o  t h e  nea res t  20 RPM. T h i s  

was assumed t o  be a  memory e r r o r .  

2. T h i s  i n c l u d e s  one s u b j e c t  who s a i d  t o  nea res t  1/4 d i v i s i o n .  

3.  T h i s  i nc ludes  f o u r  s u b j e c t s  who s a i d  t o  n e a r e s t  50 RPM. T h i s  

was assumed t o  be a  memory e r r o r .  Many tachs  d r o p  a  d i g i t  o r  

two, t hus  con fus ing  some d r i v e r s  as t o  what t h e  magn i tude o f  t h e  

a c t u a l  v a l u e  i s .  

Repor ted  P r e c i s i o n  
(RPM) 

100 
200 
250 
500 
1000 
2000 
d o n ' t  know 

T o t a l  # d r i v e r s  

Check 
l d l e  Speed 

[ q u e s t i o n  721 

' 1 

I ;  
3 
1 
2  

3 1 

Check 
V e h i c l e  Speed 
[ q u e s t i o n  7 4 1  

6  
3 
0 
1 
0 
0 
1 

1 1  

S h i f t  
[ q u e s t i o n  741 

7 
5 
3 
7 
0 
0 
0 

2  2  



Tachometer Mark ings  

D r i v e r s  g e n e r a l l y  unde rs tood  t h a t  t h e  r e d  zone i d e n t i f i e d  an 

excess i ve  eng ine  speed t h a t  c o u l d  harm t h e i r  eng ines .  However, d r i v e r s  

were i m p e r f e c t  i n  making d e c i s i o n s  u s i n g  t h a t  knowledge. For example, 

o n e - t h i r d  o f  t h e  t e s t  sample though t  i t  was not O K  f o r  t h e  p o i n t e r  t o  go 

i n t o  t h e  r e d  zone f o r  a moment. 

Most tachometers have a r e d  zone near t h e  t o p  o f  t h e  s c a l e .  
What does i t show? [quest  i on 671 

Response 

r isk/darnage t o  eng ine  

l i m i t  o f  eng ine  c a p a c i t y  
excess p r e s s u r e / s t r e s s / s t r a i n  

on eng ine 
c o u l d  b low  up eng ine  
damage, wear o r  f a i l u r e  

s t a y  o u t  o f  t o n e l d o n ' t  exceed 
l i m i t / s h o u l d n l t  be i n  

eng ine  go ing  t o o  f a s t /  
dangerous RPM l e v e l  

s h i f t  gears 
means t r o u b l e  
eng i ne cou 1 d ove rhea t  
n o t  d e c i p h e r a b l e  

# Choosing 

T o t a l  I 



Wi th  rega rds  t o  t h e  tachometer  r e d  zone, wh ich  
o f  t h e  f o l l o w i n g  a r e  t r u e  and wh ich  a r e  f a l s e ?  

I t  i s  O K  t o  d r i v e  a  car  
f o r  a w h i l e  w i t h  t h e  
p o i n t e r  a t  t h e  lower 
edge o f  t h e  r e d  zone? 
[quest  i o n  681 

Quest  i on 

I t  i s  OK t o  d r i v e  a  ca r  
f o r  a  w h i l e  w i t h  t h e  
p o i n t e r  a t  t h e  m i d d l e  
o f  t h e  r e d  zone 
[ q u e s t i o n  691 

Sometimes, say when you 
m i s s  a  s h i f t ,  t h e  
tachometer  w i l l  go i n t o  
t h e  r e d  zone f o r  a  moment. 
T h a t ' s  O K .  
[ques t  i on 703 

Fa lse  True 



How Of ten  i s  t h e  Tach Read? 

D r i v e r s  r e p o r t e d  they  used t h e  tachometer " o f t e n , "  r e l a t i v e l y  more 

o f t e n  than  t h e  speedometer i n  c i t y  d r i v i n g  (as opposed t o  o t h e r  types) , 

and made g r e a t e r  use o f  i t  when d r i v i n g  f a s t .  ( I n  p i l o t  s t u d i e s  

p a r t i c i p a n t s  were n o t  a b l e  t o  make d i r e c t  numeric es t ima tes  o f  f requency 

o f  use and hence i  t was n o t  asked.) When asked how o f  t e n  they  would use 

an " u p s h i f t  l i g h t , "  a lmost  h a l f  o f  t h e  d r i v e r s  responded " d o n ' t  know." 

Those d r i v e r s  were g e n e r a l l y  u n f a m i l i a r  w i t h  the  concept .  

I n  normal day-to-day d r i v i n g ,  would you use 
your tachometer more than your speedometer? 

When d r i v i n g  a  ca r  w i t h  a  manual t r a n s m i s s i o n  f a s t  o r  v e r y  f a s t ,  
do you use t h e  tachometer more o f t e n ,  e q u a l l y  as o f t e n ,  l e s s  o f t e n ,  
o r  d o n ' t  know how o f t e n  than  when d r i v i n g  a t  a  moderate speed? 
[quest i on 661 

Question/Response 

. . .  i n  i n t e r s t a t e  highway d r i v i n g ?  
[ q u e s t i o n  61 

. . .  i n  c i t y  d r i v i n g ?  [ q u e s t i o n  61 

. . . i n  suburban d r i v i n g ?  [ q u e s t i o n  631 

... i n  r u r a l  d r i v i n g ?  [ q u e s t i o n  641 

. . .  i n  o t h e r  d r i v i n g  ( r a c i n g )  [ q u e s t i o n  651 

Yes 

4  

15 

1 1  

10 

3 

Response 

more o f  t e n  
e q u a l l y  as o f t e n  
1 ess o f  t e n  
d o n ' t  know how o f t e n  

T o t a l  

# Choosing 

17 
8  
3 
4  - 

3 2  

No 

28 

17 

21 

22 

0  

Not 
A p p l i c a b l e  

0 

0 

0 

0 

2 9 



When upshifting during normal day-to-day driving, 
would you use the following items. .. 

Quest i on 

an upshift light? 
[quest i on 773 

the speedometer? 
[question 781 

the "RPM" i nd i cator? 
[quest i on 793 

Often 

6 

14  

13 

Sometimes 

3 

7 

12 

rarely 

8 

11 

5 

Don't Know 

15 

0 

2  



Tachometer Termino logy  

Almost  a l l  o f  t h e  d r i v e r s  knew what RPM s tood  f o r  and understood 

what t o r q u e  was, a  concept  key t o  unde rs tand ing  t h e  behav ior  o f  a  manual 

t r a n s m i s s i o n .  

What does RPM s tand  f o r ?  [quest  i o n  521 

R e v o l u t i o n s  

Response 

per m i l e  
per m inu te  

o f  t h e  eng ine 
o f  t h e  eng ine c r a n k s h a f t  
o f  t h e  eng ine camshaf t  
o f  t h e  eng ine  f l y w h e e l  
o f  t h e  eng ine  d r i v e s h a f t  
o f  t h e  eng ine  p i s t o n  range/  

how f a s t  p i s t o n s  move 
o f  t h e  eng ine d o n ' t  know what 
o f  t h e  eng ine t u r n i n g  over 

r o t a t i o n s  per  m inu te  
r o t a t i o n s  o f  t h e  eng ine  
c a n ' t  remember, I d o n ' t  know 

# O f f e r i n g  

T o t a l  



What does t h e  term " to rque"  mean t o  you? [quest  i o n  533 

Simple descriptions 
t w i s t  
p ressu re  a p p l i e d  
o t h e r  

power 
amount o f  p ressure  t o  t u r n  t h e  
e n g i n e / t i g h t n e s s  o f  
someth i ng 

- 

Eng inee r ing  d e f i n i t i o n s  
amount o f  f o r c e  i n  a  c i r c u l a r  
r o t a t  i on/movement above 
an a x l e / t a n g e n t i a l l y  
app l  i  ed f o r c e / f o r c e  about  
a  p o i n t / f o r c e  on l eve r  about  
a c e n t e r / r o t a t i n g  
f o r c e  ( I  x a l p h a ) /  
f o r c e  a p p l i e d  th rough a  
d i s t a n c e / f o r c e  t imes l e n g t h  

Response 

Un i t -based ( f o o t  and pounds, 
work done i n  inch/pounds) 

# Times Ment ioned 

Consequent ia l  d e s c r i p t i o n s  
p u l l i n g  a b i l i t y  o f  eng ine /  

power o u t p u t  o f  c a r /  
f o r c e  o f  motor /  
t a k e o f f  power/ 

gear r a t i o  
n o t h i n g / l  d o n ' t  know 

To ta  1 



M a r k e t i n g  Q u e s t i o n s  

About h a l f  o f  t h e  respondents i n  t h i s  sample who d r i v e  v e h i c l e s  

w i t h  tachometers wanted a  tachometer i n  a  car  w i t h  an automat ic  

t r a n s m i s s i o n .  

Would you want a  tachometer i n  a  car  w i t h  an automat ic  
t r a n s m i s s i o n ?  [ques t  i o n  541 

Speedometers 

F o l l o w i n g  a r e  t h e  responses t o  q u e s t i o n s  about speedometers. For 

most o f  them two q u e s t i o n  numbers appear, because d i f f e r e n t  numbers were 

ass igned t o  t a c h  u s e r s  and nonusers.  

D r i v e r s  r e p o r t  they  make f r e q u e n t  use o f  t h e  speedometer (always, 

most o f  t h e  t i m e ) .  They c l a i m  t h a t  l o o k i n g  a t  i t  i s  s t r o n g l y  d r i v e n  by 

e x t e r n a l  even ts  (when they  see a  speed 1 i m i  t s ign ,  when they see a  

p o l  i c e  c a r ,  when someone passes them, e t c . )  . They c l a i m  t o  read i t  t o  

t h e  nea res t  1 o r  2 mph, much more a c c u r a t e l y  than i s  needed t o  see i f  

Yes 17 

Why? 
[ques t  i  on 553 

Response 

t o  know what t r a n s  i s  d o i n g  
check o f  eng ine  d r i v e t r a i n /  

eng ine  per fo rmance 
g e t  f e e l  f o r  eng ine  
c u r i o u s  about  what eng ine  i s  d o i n g  
t o  check f o r  t r o u b l e /  

p r o t e c t  eng ine  
check i d l e  speed 
know when t o  s h i f t  
d o n ' t  know 
no reason 
no answer g i v e n / n o t  dec iphe rab le /  

unc 1 ear  

No 15 

# 
O f f e r i n g  

1 

3 
1 
1 

2 
4 
1 
1 
3 

3 

Why? 
[quest  i on 553 

Response 

n o t  necessary 

unc lea r  response 

m i s s i n g  d a t a  

# 
O f f e r i n g  

8 

1 

6 



one i s  speeding. About t w o - t h i r d s  o f  those t e s t e d  s a i d  they  used t h e  

speedometer i n  con junc t  i o n  w i  t h  t he  tachometer .  

When do you use the  speedometer? [ques t i ons  1 7 ,  431 
What f o r  and why? ques t i ons  18, 441 
Do you use i t  i n  any o t h e r  s i t u a t i o n s ?  [ques t i ons  21,471 
P lease e x p l a i n  [quest i o n  221 
P 1 ease descr  i  be them [ q u e s t i o n  481 

How p r e c i s e l y  do you read i t ?  [ q u e s t i o n  20, 461 

Responses 

most o f  the  t ime/  
always/when d r i v i n g  
(no spec i f  i c  reason g iven)  

when I see speed l i m i t  s i g n  
when I see a  p o l i c e  ca r  
when I see a  cu rve  s i g n  
when d r i v i n g  i n  town 
when d r i v i n g  on highway 
when s e t t i n g  c r u i s e  c o n t r o l  
i n  school zone 
when s h i f t i n g  
when someone passes me 
i n  p a r k i n g  l o t  

To ta  1 

# Times Ment ioned 

Response 

neares t  mph 
2  mph 
5 mph 
10 mph 
o t h e r  

1 -doesn ' t work 
2-nearest  2.5 mph 

Tota 1 

# Choosing 

10 
12 
6 
1 



When d r i v i n g ,  do you use t h e  speedometer i n  c o n j u n c t i o n  
w i  t h  your tachometer? [ques t i on  231 

Yes 18 

Why? Under 
What S i t u a t i o n s ?  

[quest  i on 241  

when s h i f t i n g  
c u r i o s i t y  when check ing  speed 
normal s c a d h a b i t /  

cu r  i os i t y  (when 
check speed) 

when cross-check ing  
i ns t rumen t  accuracy/when 1 
i s  b roken o r  e r r a t i c  

when h a u l i n g  t r a i l e r  
t o  a v o i d  o v e r - r e v  

No 7 

# 
O f f e r i n g  

8 

3 

4 
1 

Why? 
[quest  i on  251 

don '  know/cani t 
t h i n k  o f  why I shou ld  

d o n ' t  use speedo 

broken speedo 

# 
O f f e r i n g  

5 
1 

1 



SUMMARY 

1 .  D r i v e r s  who r e g u l a r l y  d r i v e  c a r s  f i t t e d  w i t h  tachometers 

r e p o r t e d  they  use them more o f t e n  i n  u rban d r i v i n g  than o t h e r  

s i t u a t i o n s .  They s a i d  they  use tachometers t o  know when t o  s h i f t  ( t h e  

predominant  reason) ,  t o  mon i to r  f o r  excess i ve  eng ine  speed, and t o  check 

t h e  eng ine  i d l e  speed. A few d r i v e r s  r e p o r t e d  t h e y  c o u l d  use t h e  t a c h  

t o  c ross-check  v e h i c l e  speed (when t h e  speedometer was broken) . D r i v e r s  

no ted  t h a t  whether t hey  used t h e  tachometer  o r  eng ine  sound as t h e  

p r i m a r y  cue would be a f f e c t e d  by c i rcumstances ( t r a f f i c  no i se ,  eng ine  

soundproo f i ng ,  towing a  t r a i l e r ,  e t c . ) .  D r i v e r s  a l s o  remarked t h a t  t h e  

o w n e r ' s  manual d i d  n o t  p r o v i d e  enough i n f o r m a t i o n  abou t  when t o  s h i f t  o r  

what t h e  eng ine i d l e  speed should be. P l a c i n g  such i n f o r m a t i o n  on t h e  

c l u s t e r  c o u l d  be h e l p f u l .  

2 .  D r i v e r s  r e p o r t e d  they  read t h e  tachometer  t o  t h e  nea res t  minor  

t i c k  mark o r  i n t e r p o l a t e d  t o  t he  n e a r e s t  h a l f  g r a d u a t i o n .  I n  respond ing  

t o  q u e s t i o n s  o f  r e a d i n g  e r r o r ,  d r i v e r s  had d i f f i c u l t y  i n  b o t h  

unders tand ing  t h e  q u e s t i o n  ("What do you mean by how p r e c i s e l y  do I read  

i t ? " )  and i n  r e c a l l i n g  a  v a l u e .  

3 .  D r i v e r s  seemed t o  know what r e d  l i n e / r e d  zone markings were 

f o r ,  b u t  were l e s s  t h a n  p e r f e c t  i n  unde rs tand ing  t h e  t r a d e o f f  between 

how f a r  i n t o  t h e  r e d  t o n e  one can go and f o r  how l o n g  one can s a f e l y  do 

i t .  

4. D r i v e r s  who use tachometers were f a m i l i a r  w i t h  t h e  b a s i c  

a s s o c i a t e d  te rm ino logy  (RPM, t o r q u e ) .  

5. People who d r i v e  c a r s  w i t h  tachometers (no t  a1 1 d r i v e r s )  had 

mixed v iews  about  h a v i n g  a  tachometer  i n  a  c a r  w i t h  an au tomat i c  

t r a n s m i s s i o n .  



6. D r i v e r s  s a i d  they  r e g u l a r l y  looked a t  t h e  speedometer w i t h  i t s  

use b e i n g  s t r o n g l y  i n f l u e n c e d  by e x t e r n a l  events  (speed l i m i t  s i gns ,  

p o l i c e  c a r s ,  people pass ing ,  e t c . )  . I t  was r e p o r t e d  speedometers a re  

t y p i c a l l y  read t o  t h e  nea res t  1 o r  2 mph. 

7 .  F i n a l l y ,  t h i s  e f f o r t  conv inced t h e  expe r imen te rs  t h a t  surveys  

shou ld  always be conducted u s i n g  computers t o  c o l l e c t  t h e  da ta .  

Computer suppor t  reduced t h e  t ime  t o  c o n s t r u c t  t h e  survey ,  p e r m i t t e d  

l a s t  m i n u t e  changes i n  q u e s t i o n  c o n t e n t ,  reduced t h e  t i m e  t o  t e s t  each 

p a r t i c i p a n t ,  e l i m i n a t e d  t h e  problem o f  l o s t  d a t a  due t o  i l l e g i b l e  

responses and reduced t h e  number o f  incomple te  ones, f a c i l i t a t e d  ongoing 

rev iew  o f  t h e  data  as i t  was c o l l e c t e d ,  and l a s t l y ,  reduced t h e  t i m e  t o  

ana l yze  t h e  data ,  because they  were a l r e a d y  keyed i n t o  t h e  computer. 

F u r t h e r  work, however, needs t o  be done t o  deve lop  a n a l y t i c  s o f t w a r e .  

Wh i l e  i t  took t ime  and money t o  deve lop  t h i s  s o f t w a r e ,  t h e  s h o r t - t e r m  

p a y o f f  has been l a r g e .  
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APPENDIX  A  - V e h i c l e s  Dr iven b y  S u b j e c t s  



Domes t i  c Foreign 

Chrysler 

' 68 Dodge Chal 1 enger 
'80 Dodge D50 pick-up 
'83 Plymouth Horizon 

Ford 

'74 Ford Mustang ( 2 )  
'75 Ford Mustang ( 3 )  
'79 Mercury Capri 
'80 Ford Mustang 
'80 Ford Fiesta  
'82 Mercury Lynx Wagon 
'82 Ford EXP 

' 74 Chevrol e t  Camaro 
'75 Buick Skyhawk 
' 78 Chevrol e t  Corvette 

Aus tin-Healey 

'65 Spr i t e  Mark 3 

Datsun 

F ia t  

'69 850 
'80 X1/9 
' 8 1  Strada 

Honda 

' 8 1  Civic 
' 8 1  Accord 
'83 Accord 4 door 

Mazda 

'74 RX4 ( r o t a r y )  
'78 GLC Sport 
' 7,9 RX7 

'80 Corolla 

Vol vo 

'82 DL 4 door 

'78 Scirocco 
'79 Scirocco 



A P P E N D I X  B - Survey Questions and Their Sequence 



UNIVERSITY O F  MICHIGAN TRANSPORTATION RESEARCH INSTITUTE 

TACHOMETER & SPEEDOMETER QUESTIONNAIRE 

W r i t t e n  b y  Paul  Green and D a v i d  M i l l e r ,  UMTRI-Human F a c t o r s  
V e r s i o n  o f  8/11/83 

I  am g o i n g  t o  be  a s k i n g  you some q u e s t i o n s  a b o u t  t achome te r s  and 

speedometers  and t h e i r  u s e f u l n e s s  t o  you.  Your candor  i n  r e s p o n d i n g  

w i l l  b e  a p p r e c i a t e d .  

[Note:  The computer au toma t  i c a l  l y  asks  f o r  e x p e r i m e n t e r  and s u b j e c t  

name, and s u b j e c t  number h e r e . ]  

1 .  E n t e r  sex  o f  s u b j e c t .  ( D o n ' t  ask. )  E n t e r  m o r  f .  

2 .  I n t r o d u c t o r y  q u e s t i o n s  - 
OF THE C A R S  YOU DRIVE, WHICH ONE HAS A TACHOMETER? ( I f  t h e y  
i d e n t i f y ,  m u l t i p l e  c a r s ,  t h e n  say - LETS JUST T A L K  ABOUT THE ONE 
YOU DRIVE MOST OFTEN. E n t e r  make, model ,  yea r .  

3.  DOES YOUR C A R  HAVE A MANUAL OR AUTOMATIC TRANSMISSION? E n t e r  m 
(manual)  , a (au tomat  i c) , o r  d (don '  t know) . 

5. WHEN YOU BOUGHT THE C A R .  .. 
a) Dl  D I T  COME WITH A TACHOMETER? OR 
b) DID YOU ORDER I T  AS AN OPTION? OR 
c) DID YOU A D D  I T  LATER? 
E n t e r  a, b,  o r  c .  

6 .  WHO INSTALLED IT?  

7 .  D O  YOU EVER USE I T ?  E n t e r  yes o r  no. 

1 1 .  WHEN DO Y O U  USE YOUR TACHOMETER? 

1 2 .  WHAT F O R  AND WHY? 

1 4 .  HOW PRECISELY D O  YOU R E A D  I T  AND WHY? T r y  t o  g e t  them t o  g i v e  you 
a number. 

16 .  HOW D O E S  THE TACHOMETER ASSIST Y O U  IN DRIVING? 

1 7 .  WHEN D O  YOU USE YOUR SPEEDOMETER? 

1 8 .  WHAT F O R  AND WHY? 

2 0 .  HOW PRECISELY D O  YOU READ I T  - 
a) NEAREST MPH, b) 2 MPH, c) 5 MPH, d) 10 MPH, e) OTHER 



E n t e r  a ,  b y  c,  d ,  o r  e. 

2 1 .  DO YOU USE I T  I N  ANY OTHER S I T U A T I O N S ?  E n t e r  y o r  n.  

P L E A S E  E X P L A I N .  

WHEN D R I V I N G ,  DO YOU USE YOUR SPEEDOMETER I N  CONJUNCTION W I T H  YOUR 
TACHOMETER? E n t e r  y o r  n. 

W h y ?  UNDER WHAT S I T U A T I O N S ?  

WHY? 

DO YOU R E L Y  ON THE E N G I N E  SOUND T O  KNOW WHEN T O  S H I F T ?  E n t e r  y o r  
n .  

WHY? 

THEN WHAT DO YOU R E L Y  ON? 

OK, T H A T ' S  F I N E .  MORE S P E C I F I C A L L Y ,  WHICH OF THE FOLLOWING ARE 
A P P R O P R I A T E  REASONS I N  YOUR CASE? 
a) YOU C A N ' T  READ THE TACHOMETER? E n t e r  y o r  n. 

b) T H E  TACH I S  I N  A BAD L O C A T I O N .  E n t e r  y or  n. 

c )  T H E  INFORMATION ON THE D I S P L A Y  I S  NOT PRESENTED I N  AN 
UNDERSTANDABLE WAY. E n t e r  y o r  n. 

d)  YOU D O N ' T  NEED THE I N F O R M A T I O N  THE TACH P R O V I D E S .  E n t e r  y or n. 

DO YOU EVER F I N D  YOURSELF EVEN G L A N C I N G  OR LOOKING A T  THE 
TACHOMETER? E n t e r  y or  n. 

WHEN AND WHAT FOR? 

WHY? 

WHAT DO YOU T H I N K  A TACHOMETER I S  SUPPOSED T O  B E  T E L L I N G  YOU? 

DO YOU R E L Y  ON T H E  E N G I N E  SOUND T O  KNOW WHEN T O  S H I F T ?  

WHY? 

T H E N  WHAT DO YOU R E L Y  ON? 

WHEN DO YOU USE THE SPEEDOMETER? 

WHAT FOR AND WHY? 

HOW P R E C I S E L Y  DO YOU READ I T ?  
a )  NEAREST  MPH, b) 2 MPH, c)  5 MPH, d )  10 MPH, e) OTHER 
E n t e r  a ,  b, c, d, or e .  



47. D O  YOU USE I T  IN ANY OTHER SITUATIONS? En te r  y o r  n. 

48. PLEASE DESCRl BE THEM. 

--common s h o r t  answer and t r u e / f a l s e  q u e s t i o n s - -  
IN THEORY, WHY ARE TACHOMETERS USED IN CARS? 

WHAT D O E S  THE TERM "RPM" STAND FOR? Probe t o  see i f  t hey  know i t ' s  
r e v o l u t i o n s  o f  t h e  eng ine ,  n o t  t h e  whee l s . . .  e .g. ,  REVOLUTIONS O F  
WHAT? 

WHAT D O E S  THE TERM "TORQUE" MEAN TO YOU? 

WOULD Y O U  WANT A TACHOMETER IN A CAR WlTH AN AUTOMATIC 
TRANSMISSION? E n t e r  y o r  n. 

WHY? 

IN NORMAL D A Y  TO D A Y  DRIVING, WOULD YOU USE YOUR TACHOMETER MORE 
THAN YOUR SPEEDOMETER... ... IN INTERSTATE HIGHWAY DRIVING? En te r  y o r  n .  

. . .  IN CITY DRIVING? En te r  y o r  n. 

... IN SUBURBAN DRIVING? En te r  y o r  n .  

... IN RURAL DRIVING? Enter  y o r  no. 

... IN OTHER DRIVING (FOR EXAMPLE RACING)? En te r  y o r  n .  
( I f  t h e y  i d e n t i f y  o t h e r  s i t u a t i o n s ,  e n t e r  them.) 

WHEN DRIVING A CAR WlTH A MANUAL TRANSMISSION FAST OR VERY FAST, D O  
YOU USE THE TACHOMETER a) MORE OFTEN, b)  EQUALLY A S  OFTEN, c) LESS 
OFTEN OR d) DON'T KNOW HOW OFTEN THAN WHEN DRIVING AT A MODERATE 
SPEED? En te r  rn, e, 1 ,  o r  d. 

MOST TACHOMETERS HAVE A RED ZONE NEAR THE TOP O F  THE SCALE. WHAT 
D O E S  I T  SHOW? (Show c l u s t e r  w i t h  tach . )  

WlTH REGARDS TO THE TACHOMETER RED ZONE, WHICH O F  THE FOLLOWING A R E  
TRUE AND WHICH ARE FALSE? 
A) I T  IS OK TO DRIVE A C A R  FOR A WHILE WlTH THE POINTER AT THE 

LOWER E D G E  O F  THE RED ZONE. TRUE OR FALSE? Enter  t o r  f .  

B) I T  IS OK TO DRIVE A C A R  F O R  A WHILE WITH THE POINTER IN THE 
MIDDLE O F  THE R E D  ZONE. TRUE OR FALSE? En te r  t o r  f .  

C) SOMETIMES, SAY WHEN YOU MISS A SHIFT, THE TACHOMETER Wl LL GO 
INTO THE R E D  ZONE FOR A MOMENT. THAT'S O K ,  TRUE OR FALSE? 
E n t e r  t o r  f .  

IN WHICH O F  THE FOLLOWING SITUATIONS WOULD YOU USE THE TACHOMETER. 
ANSWER Y E S ,  NO, OR DON'T KNOW. 
..TO CHECK THE IDLING SPEED. E n t e r  y ,  n, o r  d 



7 2 .  WHEN C H E C K I N G ,  HOW PRECISELY DO Y O U  R E A D  I T ?  

73.  ... TO C H E C K  THE VEHICLE SPEED? Enter  y ,  n, o r  d .  

7 4 .  , . .WHEN CHECKING, HOW PRECISELY DO Y O U  R E A D  I T ?  

75. . . .  TO C H E C K  "RPM" F O R  UPSHIFTING A N D / O R  DOWNSHIFTING? 

7 6 .  WHEN C H E C K I N G ,  HOW PRECISELY D O  Y O U  R E A D  I T ?  

7 7 .  WHEN UPSHIFTING DURING NORMAL D A Y  TO D A Y  D R I V I N G ,  WOULD Y O U  USE THE 
FOLLOWING ITEM: OFTEN, SOMETIMES, RARELY, OR DON'T KNOW. 
. . A N  UPSHIFT LIGHT? Enter  o, s ,  r ,  o r  d .  

78. ... THE SPEEDOMETER? Enter  o, s, r ,  o r  d .  

79. . . .  THE "RPM" INDICATOR? Enter  o, s, r ,  o r  d .  

81. - -general  comments-- 
D O  Y O U  HAVE ANY GENERAL COMMENTS ABOUT TACHOMETERS? 

82 .  D O  Y O U  H A V E  ANY GENERAL COMMENTS ABOUT SPEEDOMETERS? 

83.  - - b i o g r a p h i c a l  i n f o r m a t i o n - -  
WHAT D O  Y O U  D O  FOR A LIVING? ( I f  s t u d e n t ,  ask f o r  m a j o r .  I f  
unemp 1 oyed, ask f o r  occupat  i on .) 

84 .  HOW MUCH FORMAL EDUCATION H A V E  Y O U  H A D ?  

85. HOW O L D  ARE YOU? ( I f  s u b j e c t  i s  r e l u c t a n t  t o  g i v e  exac t  age, t hen  
ask - A R E  Y O U  LESS THAN 20, 20-29, 30-39, 40-49, ETC.?) 

[ ~ t  t h i s  p o i n t  t h e  computer asks t h e  exper imenter  t o  comment on t h e  

s u b j e c t ' s  behav ior  . ]  




