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This report considers several topics related to the design of automobile mu1 t i  function stalk- 

mounted controls. (The most comnon example i s  the turn signal 1 ever, which when pulled or qushed, 
switches the headlamps from high to low beam, or vice versa.) 

In the f i r s t  section a taxonomy for controls is presented. Four basic concepts--dedication, 
combination, directional i ty , and integration--are described, and exampl es of these concepts are 
i ncl uded . 

In the literature section roughly 20 major documents concerned with staik control design are 
described in detai 1 and critical 1 y reviewed. Topics covered included: design stereotypes 
(hardware reviews) , human factors analyses, problem surveys, accident data, driver ~references, 
driver perfomnce, ana previous 1 i terature reviews. Abstracts of those documents aopear i n  the 
appendix of this report. Those studies do not support a general recommendation favoring either 
panel -mounted or stal k-inaunted controls. Panel -mounted controls are expected 5y American drivers 
whereas movements to stal k controls are quicker because they are closer. Research comparing 
a1 temative stalk designs i s  almost absent. Also lacking are studies of stalk direction-of-motion 
stereotypes. However, i n  all  cases the 1 iterature provides considerable guidance as to now these 
studies should be conducted. 

Current regulations for autombile controls (issued by the U.S. Oept. of Transportation and 
:he International Standards Organization, among others) are described. I t  appears that mre 

, restrictive reaulations will be drafted i n  the mid-1 980's. 
The types of mult~function stalk controls i n  1977-1979 model year c a n  are tabulated. 

I American c a n  of that period tended to use panel-mounted controls, while stalk controls were 
j prevalent on foreign cars. The most comn stalk ccnfigurations were one le f t  stalk and a l e f t  

plus a right stalk. Also observed were 3 other configurations: 2 l e f t  stalks, 2 l e f t  plus 1 
right, and 1 l e f t  plus 2 right. Related types of controls ("Pod" and other novel designs) were 
found  on the Citruen CX,  Vfsa, and GSA. 

Human Factors principles reyardi nq  the design of stalk controls are presented and basic 1 guidelines are suggested. 3ased on  these principles, Hick's Law, F i t t t '  Law, ind  oredetermined 
::me systems, a relationship for ~redict ino the complexi:~ of and  time to use controls is o u t 1  ined. i Finally , based on the information described above, 1 imi ted design reconnendatipns are / offered favo"ng either a single l e f t  stalk or a one l e f t  plus one right stalk pair. 
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FOREWORD 

This study was funded by a g i f t  from the Motor Vehicle Manu- 
fac turer ' s  Association (MVMA) of the United States.  Guidance of this  
yesearch was provided by the MVMA Human Factors Engineering Subcommittee. 
Mr. Robert Ealba of MVMA served as the technical advisor. 

The project statement ('as revised October 18, 1979) called for 
the following: 

Phase I - Literature and Hardware Review ( t h i s  report) 

1. "The l i te ra ture  relevant t o  s ta lk controls shall be reviewed." 

2 .  "An abstract of each of the references shall be prepared." 

3 .  "Requirements.. .shall be reviewed.. .including the proposed IS0 
DIS 4040, FMVSS 101 and the proposed revision of FMVSS 101." 

4 .  "A state-of-the-art summary will provide the frequency of 
occurrence of specific configurations . " 

Phase I1  - Human Factors Analyses ( t h i s  report) 

1. "Previously used methods for studying human factors c r i t e r i a  for 
selecting and combining functions and modes of operation will be 
reviewed. " 

2 .  "A method for identifying and establishing additional functions 
and s talk locations will be developed." 

3. "A s e t  of configurations.. . for .  . .functions with a high priority 
for being within fingertip reach" (will be developed). 

4 .  "A control complexity index will be developed.. . " 

Phase 111 - (next report) 

1. "Conduct pi l o t  testing t o  ref ine. .  . ( the)  complexity index. " 



The assistance of  Paul 01 son (Human Factors, HSRI ) , Leo 
Ziegler (SAE), Chuck Finn ( V W ) ,  Bill Burgess (Human Factors, HSRI), 
Robert Ealba ( M V M A )  and the MVMA Human Factors Engineering Sub-  

comi t tee in preparing th i s  report i s  grateful ly acknowledged. 
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INTRODUCTION 

The Nature o f  t h e  Problem 

How we1 1 a person-machine system operates depends upon t he  t r a i n -  

i n g  and s e l e c t i o n  o f  opera to rs ,  i t s  energy consumption and waste p ro -  

duc t ion ,  t h e  performance and phys i ca l  i n t e g r i t y  o f  t h e  machinery, and, 

f i n a l l y ,  how w e l l  t he  machine has been designed t o  match the  c a p a b i l i -  

t i e s  of i t s  opera to rs .  I n  t h e  con tex t  o f  automobi les,  head l i gh t i ng ,  

t a i  11 i g h t i n g ,  f i e l d  o f  view requirements,  s t e e r i n g  systems, b rak i ng  

systems, and c o n t r o l s  and d i sp l ays  must a l l  be matched t o  the  d r i v i n g  

popu la t i on ,  

M o t i v a t i o n  f o r  examining the  research and design o f  c o n t r o l s  comes 

f rom severa l  sources, Members o f  the  s t a f f  o f  Consumer Reports have 

complained about c o n t r o l  design i n  severa l  automobi l  es (Anonymous, 

1979a, 1979b, 1979c, 1979d, 1979e). The I n t e r n a t i o n a l  Standards 

Organ iza t ion  has agg ress i ve l y  pursued the  development o f  standards f o r  

c o n t r o l s  i n  t he  i n t e r e s t  o f  i n t e r n a t i o n a l  harmony. Manufacturers have 

moved towards produc ing "wor ld  ca rs .  " The U.S. Government has expressed 

i n t e r e s t  i n  expanding i t s  s a f e t y  s tandard f o r  automobi le c o n t r o l s  and 

d i sp l ays .  Several i n d i v i d u a l s  have expressed t he  need t o  make veh i c l es  

e a s i e r  t o  operate  f o r  t h e  handicapped. F i n a l l y ,  t he  Soc ie ty  of Automo- 

t i v e  Engineers Con t ro ls  and Disp lays Subcommittee has discussed a poss i -  

b i  1 i ty  o f  Recommended P r a c t i c e  f o r  Mu1 ti f u n c t i o n  Cont ro ls  . To accommodate 

these and o the r  concerns, t h i s  summary was developed. 

A Taxonomy f o r  Con t ro ls  

To understand t he  research on mu1 ti f u n c t i o n  manual c o n t r o l s  , one 

must be aware of t h e  k inds o f  c o n t r o l s  t h a t  e x i s t .  The advent o f  the  

d i g i t a l  computer and t he  advance o f  technology i n  general  has brought  

about t h e  design o f  severa l  new types.  Presented i n  t he  f o l l o w i n g  

s e c t i o n  i s  a c l a s s i f i c a t i o n  scheme f o r  these c o n t r o l s  (and some 

te rmino logy) .  

1. Dedicated vs.  Nondedicated. A ded icated c o n t r o l  i s  one 

whose purpose o r  a c t i o n  does n o t  depend upon t he  s t a t e  o r  c o n d i t i o n  of 



another control. The term dedication has been used before. (See 
Anacapa Sciences (1976) for example.) Until now, the term has n o t  
been formal ly defined. 

The oldest example of such i s  a typewriter s h i f t  key. When the 
s h i f t  i s  not depressed, a particular key m i g h t  type, for  example, a 
lower case "p." When the s h i f t  i s  held down or locked, a capital 
"PI '  resul ts .  Thus, depressing the s h i f t  key changes what the p / P  

key does. The advantage of nondedi ca ted controls i s  that they require 
less space then a dedicated s e t .  In the case of the typewriter, 
eliminating the s h i f t  key would require replacing each key remaining 
with two, so that  b o t h  lower and upper case could be typed. 

Serving as the impetus for  nondedicated controls i s  the shortage 
of panel space in j e t  planes ( in  a i r c ra f t  jargon, "real e s t a t e" ) .  

(There i s  a similar space problem in some automobiles.) For example, 
shown i n  Figure I i s  a simplified arrangement of projection switches 
that has been proposed as a design a1 ternative for single-seat fighters.  
When the a i r c ra f t  i s  started up, a l l  of  the switch panel legends are 
in the logic level 1 (system) mode. I f  the pi lot  then depresses the 

"COMM" (communications) switch, a l l  of these switch legends change t o  
those appropriate for the comnunications mode (logic level 2 ) .  
Further key presses wi 11 cause additional legend changes t o  succeeding 
logic levels. For example, pressing the "UHF" switch would allow the 
pi lot  t o  adust the UHF radio. If the pi lot  then wants t o  perform a 
navigation task, he or she would h i t  "clear" several times to get back 

the system level (logic level 1) and then depress the switch labeled 
"NAV" (short for "navigation computer). Other systems can be operated 
through an analogous sequence of switching. There have been several 

studies relating t o  the design of nondedicated controls for use in 
cockpits (Bateman, 1977;  Bateman, Reising , Herron, a n d  Cal houn, 1978; 
Cal houn, 1978; Crawford, Pearson, and Hoffman, 1978; Reising , 1977 ; 
Reising , Bateman, Cal houn , and Herron, 1976, 1977). 
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Ç not her common application of nondedicated controls i s  i n  calcu- 
l a to r s ,  for  example the Hewlett-Packard model HP 41C shown i n  Figure 
2 .  

I t  would be quite feasible  to  in s t a l l  a nondedicated switch 
panel in an automobile. Shown in Figure 3 i s  one possible arrange- 
ment. In generating th i s  figure human factors considerations have 
been ignored. I t  i s  a feasible  design, - not necessarily a good one. 

2 .  Combined vs. Noncombined. Combined controls are  those which 
share a common point of attachment ("mounted on the same head") or ape 
mounted on top of each other.  Subclasses of th i s  category are "motion- 
similar" devices ( fo r  which the same type of motion serves to  operate 
each of the combined elements) and "moti on-di ssimi 1 a r"  devices . 
Examples of moti on-similar controls include stacked knobs (Brad1 ey and 
Stump,  1955a) often used to  adjust  car radio vol urneltone and t u n i n g /  

balance, and identi ca1 ly operated joysticks mounted piggyback (some- 
times found i n  a i r c r a f t ) .  Examples of motion-dissimilar combined con- 
t rol  s incl ude joys t icks for  j e t  f ighters where the cannon tri gger 
switch i s  part  of the same lever (see Figure 4 ) ,  new types of hel i -  
copter controls (Waugh and Stephens, 1976) ,  most car horns (push 
buttons on the steering wheel spokes or hub), and rocker and s l ide  
switches mounted on levers (automobi 1 e cruise controls are sometimes 
bu i l t  into the turn signal lever . )  

3. Mu1 t idirect ional  vs. Undirectional . Mu1 t i d i  rectional con- 
t ro l s  are those for  which the direction in which they move influences 
what they do. Examples include the panel -mounted head1 ights control 
in GM cars (pull/push = on/off,  ro ta te  = adjust panel l i gh t  bright- 
ness and in ter ior  l ights  on/off) and certain kinds of stalk-mounted 
controls found in automobiles ( u p l d o w n  = r ight / l  e f t  turn,  for ;~ard/  
back = h i  ghllow beam) . Neither the term "mu1 t i  d i  rectional nor for 
that  matter, the term. "combined" imply that  the functions be ing  con- 
t rol  1 ed are re1 ated. 
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4. I n t e g r a t e d  vs . Separated. I n t e g r a t e d  ( o r  i n t e g r a l  ) c o n t r o l s  

a re  those f o r  which a  s i n g l e  phys i ca l  a c t i o n  has two o r  more conse- 

quences. I n t e g r a t i o n  i s  one way t o  so lve  t h e  problem o f  the  number 

o f  f unc t i ons  r e q u i r i n g  cont inuous c o n t r o l  exceeding t h e  number of 

opera to r  l imbs  (as i n  t he  case o f  a  h e l i c o p t e r ) .  An automot ive cand i -  

da te  f o r  i n t e g r a t i o n  i s  f o r  t h e  horn ( a u d i t o r y  horn)  and h e a d l i g h t  

f l a s h i n g  f u n c t i o n  ( o p t i c a l  horn o r  o p t i c a l  warning) t o  be operated by 

t he  same bu t ton .  (An o p t i c a l  warning f u n c t i o n  i s  f i t t e d  on many 

European veh i c l es .  When a c t i v a t e d  i t  permi ts  t he  d r i v e r  t o  f l i c k  t he  

head l i gh t s  between t he  o f f  and h i gh  beam p o s i t i o n s  even when t h e  main 

h e a d l i g h t  sw i t ch  i s  o f f .  I t  i s  used by European d r i v e r s  i n  the  same 

way t h a t  t he  American d r i v e r s  use t h e i r  horn .) 

Combination, D i r e c t i o n a l  i t y ,  and I n t e g r a t i o n  a re  para1 l e l  qua1 i- 

t i e s  f o r  p a i r s  o f  f unc t i ons .  That i s ,  two f unc t i ons  can be combined 

on t h e  same c o n t r o l  head, ac tua ted  by moving a  c o n t r o l  i n  d i f f e r e n t  

d i r e c t i o n s ,  o r  i n t e g r a t e d  and j o i n t l y  operated by t he  same c o n t r o l  and 

c o n t r o l  mot ion.  On t he  o the r  hand, ded i ca t i on  and a l l  o f  the  o t h e r  

p r o p e r t i e s  a r e  or thogonal .  

None o f  these concepts i s  p a r t i c u l a r l y  new. Three o f  them 

(ded i ca t i on ,  combinat ion,  and i n t e g r a t i o n )  r e l a t e  n o t  o n l y  t o  c o n t r o l s  

b u t  a l s o  t o  d i sp l ays .  (For  a  d iscuss ion  o f  i n t e g r a t i o n  and d i sp l ays  

see Hardzins k i  and Pachel l a  (1977), Pachel l  a, Somers , and Hardzins k i  , 
( t o  appear) ,  Somers (1978), and Somers and Pachel l a  (1977)) .  

What then i s  a  M u l t i f u n c t i o n  Cont ro l?  

The term "mu1 ti f u n c t i o n  c o n t r o l  " has been used i n  severa l  ways. 

I n  automot ive a p p l i c a t i o n s  i t  u s u a l l y  r e f e r s  t o  a  manual ly operated 

sw i t ch i ng  dev ice t h a t  i s  e i t h e r  mu1 t i d i r e c t i o n a l  o r  combined. I n  

a i r c r a f t ,  t he  term commonly r e f e r s  t o  nondedicated c o n t r o l s  . Def ined 

by exc lus ion ,  a  m u l t i f u n c t i o n  c o n t r o l  i s  a  sw i tch  t h a t  i s  n o t  u n i -  

f unc t i ona l .  A u n i f u n c t i o n a l  c o n t r o l  i s  eve ry th i ng  e l se .  I t  serves a  

s i n g l e  f i x e d  purpose, i s  independent ly mounted, and has b u t  one 

method of o p e r a t i  on. 



I n  the past, the automotive industry has been primarily concerned 
with a subset of a l l  types of multifunction controls, namely those 
associated with levers or s ta lks .  One focus of such interest  has been 
International Standards Organization Technical Committee 22, Sub- 

comi t tee  12 (ISO/TC22/SC13) ; Ergonomics of Road Vehicles . (Their 
efforts are described in detail in the section on design standards . )  

Definition 4.13 of the la test  proposed revision of the IS0 standard 
for control location (Standard 4040) states : 

"Stalk Control : A r igid,  elongated control device 
with a visible length a t  least  five times as great as 
the least  cross-sectional dimension. This device may 
be fixed or moveable and located on the steering 
column or instrument panel. The operational area i s  
1c:ated within the reach o f  the driver." 
( Intirnati  onal Standards Organization, 1978) 

Some have n o t  been satisfied with t h a t  proposed definition of 2 

stalk control. As an  alternative for discussion some have suggested 
the following: 

"Stalk Control : A control device operated by means of 
a moveable elongated arm that transmits a l l  the move- 
ments requi>red t o  operate the device." 
( ~nte rna t i  onal Standards Organization, 1978 ) 

The second suggestion omits the length t o  cross-section ratio 
restriction and adds a movement requirement. 

These changes have been offered t o  differentiate between multi- 
directional lever controls and fixed arms that extend from the steer- 
ing column on which switches are mounted. Some have suggested the 
l a t t e r  should be called "rod" controls, ("Rod" controls are currently 
found in the Citroen VISA.) 

A distinction also needs t o  be made between multifunction controls 
and "pod" controls. "Pod" controls are those mounted on instrument 
panels that are within fingertip reach of the steering wheel. Such 
controls are found  i n  the Ci troen C X .  



What then are multifunction stalk controls? For the purposes of 
th is  report they wil l '  be defined as lever-type controls which can 
e i the r  be operated i n  more than one direction or have secondary con- 
t ro l s  mounted on them, or both. In the newly developed terminology, 
they are mu1 t idirect ional  or combined lever controls. 

This section i s  intended t o  develop the thought that  there are 
. many kinds of controls and that  multifunction stalk-mounted controls 

found in cars a re  b u t  a small subset. Because adopting a definition 
of a multifunction control has implications for future standards and 
design, i t  i s  important t o  distinguish between multifunction and s ta lk  
control s . 

Second, in examining the l i t e r a tu r e ,  one should consider the 
source industry. There are marked differences between how the a i r -  
c ra f t  and automobile manufacturers will apply the term mu7 t i  function 
control . 

Finally, and most importantly, because the constraints relevant t o  
each property of  controls d i f fer  (dedication, directionali  t y  , combi - 
nation, and integration),  so too cii11 the appropriate human factors 
cr i  t e r i  a .  









LITERATURE REV I EM 

Approach 

Shown in Table 1 are the major studies included in this  l i t e r a -  
ture ordered chronologically, along w i t h  the approaches taken by each 

study. E i g h t  approaches are 1 isted.  

1) Literature review--col 1 ecti  ons of research evidence 

2 )  Accident data--attempts t o  connect accident information t o  
control des i gn 

3 )  Control 1 ocation expectancy surveys--investi gations of 
where drivers think they will find controls 

4 )  Driver performance--response time, errors, and other measures 
of  driver uti l ization of controls 

5 )  Problem surveys--inquiries as to what diff icul t ies  drivers 

experience in locating, reaching fo r ,  and activating controls 

6 )  Human factors (HF)  analysis--eval uations of particular 
designs w i t h  regard t o  Human Factors principles and research 

7 )  Preference s tudies--as ki ng drivers which control arrangements 
they favor 

8 )  Design stereotypes or hardware reviews--surveys of the 1 oca- 
tion and arrangement of controls in cars 

Each section i s  discussed separately in detai l .  The abstracts o f  a11 
the reports and IS0 research documents l is ted in this section are con- 
tained in Appendix A .  Because of the length of this report (especially 
the 1 i terature review), a tabu1 ar summary has been included as Appendix 
B .  Several topics, while they are part of  the 1 i terature,  are dealt 
with in other sections, including some aspects of International Stan- 
dards Organization ( ISO) act ivi t ies  (see the standards section) , 
previous hardware reviews (see the design stereotypes sect ion) ,  and 

previous attempts a t  modeling (see the section on the Response Time Index). 

Previous Literature Reviews 

Several 1 i terature reviews have deal t with control s design , 
though most as part o f  larger reviews. Perel (1974)  reviews five 
National Highway Traffic Safety Admini stration (NHTSA) sponsored 
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studies on the subject of controls and displays. Three of them are 
concerned with determining the 1 oca t i  on of speci f i c control s . The 

other two reports deal with force and reach considerations. Pere l ' s  

paper captures the g i s t  of the three studies mentioned above, and 
his review may be of in te res t  t o  readers seeking a different  

perspective than provided by th i s  review. 

An even briefer  review i s  that  of Knaff (1975). I t  considers an 

even larger collection of issues (human brake pedal force capabil i t i e s ,  
seat  belt  usage, and control design). Only two of the reports 

mentioned are concerned w i t h  the design of controls. For the purpose 
of understanding research on the design of automobiles, the Knaff (1975) 
paper i s  of low pr ior i ty .  

The most current review of the research l i t e ra tu re  concerned with 
human factors and multifunction control design i s  that  of Nicholson 

(1979). His paper summarized NHTSA sponsored research on a wide 
variety of subjects, some of which are related t o  controls design. 
(Other issues discussed incl ude res t ra int  systems, driver v is ib i l  i  t y ,  

ride quali ty,  accident data systems, e t c . )  The paper has a total  of 
72 references, s ix  of which are concerned with controls. . This paper 

captures the high1 ights of the work on controls. Because of the SAE 

paper format , i t  1 acks detai 1 . I t  a1 so tends not t o  be very c r i t i ca l  . 
Those who know l i t t l e  about automotive human factors should read i t  
f i r s t  as an introduction t o  the f i e l d .  

Accident Data 

As one of the purposes of standardizing auto controls i s  t o  
reduce the number of accidents, i t  would be valuable t o  know the number 
associated with each design. Similar epidemiological approaches have 

been successful in addressing other pub1 i c  health problems, 

Taking th is  s t a t i s t i c a l  perspective, Perel (1976) performed a 
computer search in which key words (e.g . , wiper, dimmer) were matched 

w i t h  police report narratives contained i n  a f i l e  maintained by the 
University of North Carolina Hi\ghway Safety Research Center ( H S R C )  . 
Examined were 95,879 accidents for  1974 and 19,017 accidents for the 
f i r s t  few months of 1975.  Search terms f e l l  into four general classes:  
foot controls, hand controls ,  v i s i b i l i t y ,  and 1 ighting. Shown in 
Table 2 are the resul ts  for  hand controls. 



Tab1 e 2 .  Hand Control Problems found by Perel (1974) . 

Control 
(1975 f i l e )  

Heater 

Radio 

Tape 

Horn 

(1974 f i l e )  

Air Conditioner 

Lighter 

Ashtray 

Defroster 

Windshield Wiper 

Problem 

Distracted from driving task 
while adjusting or turning 
on heater. 

Distracted from driving task 
while adjusting radio. 

Number 

Distracted while changing 7 
tape or adjusting controls 
of tape player. 

Another car ' s horn distracted 3 
driver . 
Did n o t  blow horn while passing. 6 

The horn was sounded as warning 6 
and was heard b u t  collision took 
place anyway. 

The horn was sounded as a warning 28 
b u t  i t  was apparently not  heard. 

Distracted from driving task 
while turning on or adjusting 
air  conditioner. 

Di stracted by dropped 1 i gh ter .  

Distracted whi 1 e operating 
1 ighter. 

Distracted while using ashtray 

Distracted while operating 
defroster. 

Distracted while operating 
wipers . 



--The number of citations of controls in the f i l e s  searched by 
Perel i s  quite small. (Perel suspects instances of such were 

"underreported. ") Because of the few number of reports, distinguishing 
control designs i s  not possible with these data. Also because there 
were few cars in North Carolina in 1974/1975 with multidirectional or 
combined lever controls, there probably were n o t  any accidents associ- 
ated with such. The additional four years of data since Perel ' s  search 
should boost these frequencies t o  levels where s ta t i s t ica l  analysis 
will be meaningful. 

Also pertinent for review. are numerous other data f i les  in which 
the data are more structured. The author examined several HSRI acci- 
dent data bases for simtlar relationships. Preliminary investigation 
showed the indexing terms t o  be inappropriate for addressing questions 
of control design. 

Driver Performance 

Where accident data for various control designs are unavailable 
or incomplete, as is  true i n  this case, driver performance studies can 
serve as a basis for comparison. In several studies response time and 
error data have been collected for various control designs. Malone, 
Krumm, Shenk, and Kao (1972)  (especially Appendix 0)  compared four 
switching arrangements for a three-beam head1 ighting system. 

I n  a vehicle buck, six drivers time-shared between a visual pur- 
su i t  tracking task (three l ight stimulus array) and  operating the 
dimmer in response t o  verbal commands. The dependent variables were 
response time, errors,  and an unspecified meas'ure of tracking perfor- 
mance. The f i r s t  two are shown in Table 3. 

The author believes that this task was t o o  simple and  the results 
may be misleading. With one secondary control t o  operate, the subject 
could have rehearsed the needed motions (normally retrieved from 
1 ong-tern memory) i n  short-term memory. (Increasing the number of con- 
trols would eliminate this problem.) The differences between controls 
in practice should be larger a n d  the mean times longer. 

While a mu1 t ivariate ANOVA would have been preferred, each of the 
three dependent variables was analyzed separately. Tracking perfor- 
mance was n o t  affected by the simultaneously used control. There were, 



Table 3. Response Times and E r r o r s  f o r  Dimmer Con t ro ls  i n  
Malone, Krumm, Shenk, and Kao (1972) 
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however, s i g n i f i c a n t  d i f f e r e n c e s  i n  response t ime.  (See Table  3 . )  

Most r a p i d l y  responded t o  was t h e  spoke bu t t on .  The stalk-mounted 

l o c a t i o n  was o n l y  s l i g h t l y  s lower .  I n  genera l ,  these r e s u l t s  

emphasize t h e  need t o  min imize t h e  movement d i s t ance  t o  t h e  c o n t r o l .  

I n  Appendix C o f  Malone, K r u m ,  Shenk, and Kao (1972) ,  a  s e r i e s  

o f  exper imenta l  s t ud ies  examining t he  l e a r n i n g  o f  i n s t r umen t  panel  

con f i gu ra t i ons  i s  r epo r t ed .  Whi le  s t a l  k-mounted c o n t r o l s  o t h e r  than 

t he  t u r n  s i gna l  l e v e r  were n o t  i n v e s t i g a t e d ,  those s tud ies  address 

many impo r tan t  methodolog ica l  i ssues .  Only those s t u d i e s  i n  which 

ca rs  were t h e  t e s t  v e h i c l e s  w i l l  be descr ibed.  Before d i sm iss i ng  t h e  

t r u c k  and bus s tud ies ,  i t  should  be noted they  i n d i c a t e  advantages t o  

commonality o f  c o n t r o l  and d i s p l a y  l o c a t i o n  between passenger ca rs  

and o t h e r  v e h i c l e  types. 

I n  t he  i n i t i a l  s e t  o f  c a r  base l i ne  s t u d i e s ,  35 persons were 

t es ted .  The assignment o f  sub jec t s  t o  c o n d i t i o n s  has been recon- 

s t r u c t e d  and i s  presented i n  F i gu re  5 .  I n  most o f  t h e  c o n d i t i o n s  

(dynamic t e s t s )  each s u b j e c t  t ime-shared between d r i v i n g  around a  

se rpen t i ne  t e s t  t r a c k  and touch ing  20 c o n t r o l s  and d i s p l a y s  f i v e  t imes.  

A d i g i t a l  t i m e r  was manual ly  operated by t h e  exper imenter  t o  measure 

response t ime.  





In the s t a t i c  condition four subjects (selected from those tested 
previously) were tested in their  own vehicles several weeks af te r  the 
dynamic tes t s .  The procedure was similar t o  that of the previously 
descriibed dimmer switch study. 

Comparing the various conditions (see Figure 5 )  the following 
were noted: 

1. There were significant differences in in i t ia l  response time 
between fami 1 i a r  (1.4 seconds) and unfamil i a r  (4 *3  seconds) 
cars. Half second differences remained af te r  five 
responses for each function. 

2 .  There was some tendency for  more errors on unfamil i a ~  
panel s . 

3 .  There were substantial improvements w i t h  practice, w i t h  

performance 1 eve1 i ng off a f te r  about five t r i a l s  . 
4. No significant differences were found due t o  the t e s t  time 

(day v s .  n i g h t ) .  

5 .  No significant differences were found between the s t a t i c  and 

dynamic tests  ( b u t  s t a t i c  t e s t  RTs were br ie fer ) .  

6 .  No significant differences were reported due t o  the size 
of the car one owns (large versus small). 

7 .  No s t a t i s t i ca l ly  significant transfer o f  training occur 
prior t e s t  in an unfamiliar car t o  a la te r  t e s t  in a 
fami 1 i a r  car (one's own)  . 

8. No differences in response time were found between per- 
formance in one's own car a n d  a re test  of a previously 
unfamiliar car s i x  weeks af te r  the i n i t i a l  t e s t .  
(Performance stabil izes t o  the famil ia r  car level a f te r  
five cycles.) 

Two months subsequent t o  the in i t i a l  experiments, ten subjects 
were tested on an instrument panel designed by Man Factors Incorpor- 
ated. Another two months la te r  a panel designed by Essex Corporation 



was tested. Both had been optimized w i t h  respect to Human Factors 
principles . Under "static" conditions subjects responded five times 
t o  each of the 20 controls and displays. For the in i t ia l  sequence, 
response times for the optimized panels were ha1 f those obtained for 
unfamiliar cars ( V W  and Olds) and double those for the familiar (own) 
cars. By the second pass through the 80-item sequence, the differ-  
ences between the familiar and optimized panels were extremely small. 
Response times for optimized panels remained almost a full  second 
faster  than unfamiliar panels. The error data d i d  n o t  indicate a 
difference between performance on the optimized panels and one ' s  own 
car. Both were superior to than of an unfamiliar car.  To repeat, 
these studies showed that instrument panels that have been optimized 
with regard t o  human factors considerations were responded t o  more 
rapidly and accurately than those unfamiliar t o  the driver, and that 
differences between optimized and higly familiar panels almost 
disappe,ared af te r  one response t o  each control and display. 

Mi ddendorf, Dineen, and Habsburg (1974) reported several studies 
in which different head1 ight'swi tching systems were compared. I n  the 
f i r s t  study, 32 General Motors employees were tested on three dimmer 
switch designs, one floor-mounted and two column-mounted (pull /pull 
and pull [ h i g h )  /push (low)). Subjects were cued t o  operate the con- 
t rols  vfa s l ides ,  and response times were collected electronically. 

Times are reported for both with and  without practice. After practice, 
response times were 1 .22 seconds for the foot switch and 1.06 (pull/  
p u l l  ) , and 1.14 (pul l/push) seconds for the column switches. 

Using the same protocol, 32 General Motors employees and  32 Texas 
drivers operated three types of three beam-swi tchi ng sys terns. Shown in 
Table 4 are the mean response times af ter  practice. The differences 
are small , favoring neither panel - nor col umn-mounted control s .  



Table 4. Response Times for Three-Beam Switches in Middendorf, 
Di neen and Habsburg (1974) . 

-- 

Response Time (seconds) 

Des i gn GM Study Texas Study Method of Operation 

Column S t a l k  " A "  1.21 1.20 Pull toward for low, 
intermediate, high 

Delta Stalk 1.21 1.20 Toward panel = low, 
toward ceil ing = intermediate, 
toward driver = high 

Panel S t a l k  1.24 1.14 Push up for low,  intermediate, 
high 

Kuechenmei s t e r  (1974) had 30 General Moto~s employees operate an 
"older design" Mercedes Benz mu1 t i  function control unit mounted in a 

1972 Chevrolet station wagon. The single l e f t  stalk operated as 
follows : 

turn signal - standard 

wiperlwasher - rocker switch mounted on pushlpush switch on face 
of lever; wiper onloff = pushlpush; rocker switch l e f t  

position - wash, center position = low speed wipe, right 

position = high speed wipe 

head1 i gh t s  

push lever away = high beam, center position = low beam, 

pull towards = spring return headlamp flash 

Stopwatch times from the s t a r t  of each operation instruction u n t i l  

the dr iver 's  hands returned t o  the kheel were collected, as were errors.  

(In most studies, timing stops when the control is  operated.) Three 
levels of formal practice were used: "some" (operating controls under 
speed stress unti 1 one errorless sequence was completed), "1 i t t l e "  

(operating each control once while being timed) and "inspection" (the 
driver leisurely operated functions named by the experimenter). Two 

fixed sequences were used, one for practice and  one for t e s t  t r i a l s .  



On the average, a f te r  about three t r i a l  blocks, subjects operated 

the multifunction control without error.  Further decreases in response 
time with practice were negligible. 

There were substantial ( b u t  not s t a t i s t i ca l ly  significant) dif-  
ferences in response times between switch types. Averaged across 

subjects and blocks of t r a i l s  (practice & t e s t ) ,  means of 1.73 sec. 
(on/off panel knob for head1 ights) , 3.10 sec ( fore laf t  motion of 
lever for beam switching), 1.30 sec (lever upldown for turn s ignal ) ,  
2.40 sec (rocker switch) and 2.17 sec (push b u t t o n )  were obtained. 
Thus, in this study, response time t o  the panel-mounted control was less 
than that for a l l  stalk controls except for the turn signal. Subjects 
had difficulty with the s tal  k-mounted beam switch, as they were accus- 
tomed t o  floor mounting. Difficulties w i t h  the rocker switch were the 
result  of g roup ing  different functions (washer on/off a n d  wiper speed) 
on the same switch. By about the fourth t r i a l  block ( f i r s t  t e s t  block 
of the "some" practice condition), the response time differences 

between panel -mounted and s tal  k-mounted controls disappeared. Subjects , 
though, s t i l l  had difficulty with the beam switch. As response times 
then averaged 1.25 seconds, these stopwatch values are of dubious re1 i- 
abi l i ty .  

The error data supported the response time differences. Error 
rates for the panel-mounted controls a n d  the turn signal remained low 
across practice. 

The Kuechenmeister study i s  weak in several respects, The error 
data are confusingly reported. Only one control configuration was 
examined a n d  i t  was strongly suspected, a priori , that the design was 
not a good one. To draw conclusions about alternative configurations, 
more than one must be tested. 

To assess the effect of ai-rbags on vehicle design, Krumrn (1974) 

repeated the Malone e t  a l .  (1972) "s ta t ic"  procedure, Choice response 
times were collected for  operating the horn (amber stimulus l i g h t ) ,  the 

footbrake (red l ight )  and the headlight dimmer (white l i gh t ) .  S i x  horn 
location vehicle combinations were examined for 336 American adults . 



For each subject, four responses for the horn and five for the dimmer 

were obtained. Prior t o  testing, each subject honked the horn once. 

The median choice response times across t r i a l s  are shown in Table 

5 along with simple response times (e.g., "Honk the horn when 1 say 

so") .  According t o  these data, subjects experienced considerable 

in i t ia l  difficulty with rim-blow and s tal  k-mounted horns and those 

problems persisted for the s tal  k-mounted horns. While expectancies 

for controls and  performance in locating them does change with expo- 

sure, the author i s  confident that those results could be replicated 

today with American drivers. 

I n  regard t o  the other controls examined, response times favor 

floor-mounting over s ta l  k-mount lng . The author  i s  1 ess confident this  

result i s  now replicable. 

Table 5 .  Time t o  Sound the Horn Reported by Krumm (1974). 

Control Type 

360' ring 

2-spoke 1 ever 

center 

3-spoke push b u t t o n  

stalk 

rim 

Time in Seconds 

Vehicle Simple RT Choice RT 

(Taurus ) .41  1.64 

(Qldsmobile Cutlass) -44 1 .29  

(Fiat 124) - 6 2  1.65 

(BMW 202) 1.96 1.86 

(Austin Marina) 9.60 2 .07  

(Qldsmobile 98) 29.00 1.61 

Faust-Adams a n d  Nagel (1975) had 24  Australian nondrivers reach 

for six controls in two cars,  a right-hand drive 1972 Holden HQ with 

panel -mounted controls and a left-hand drive 1971 Mazda Cape1 la R X 2  

with stalk-mounted controls. Shown in Table 6 are the mean response 
times t o  touch each control a f te r  i t s  name was visually presented. 



Table 6. Response Times Reported by Faust-Adams and Nagel (1975). 

Control 

Lights 
Beam Switch On/Off Wiper Horn Ignition Handbrake 

Holden 1.76 1.63 
It 

f l  oor on dash - 
f a r  r ight  

Mazda L 1.36 1.67 

near r ight  f a r  r ight  
s ta lk  - s ta lk  - 

1.74 

near r ight  
s ta lk  - 

1.46 

steering 
wheel 
spokes 

1.34 
-t 

center of 
steering 
wheel 

r ight  
side of 
co 1 umn 

p < .01 

apex of 
column + 
dash 

1 1.68 
Lt 

between 
seats 

For finger t i p  reach s t a i  k-mounted controls (beam-swi tching and 
wiper), response times averaged 300 milliseconds less than those that  
were panel - or floor-mounted. There was no difference between the 
response times fo r  the 1 i ghts switch (panel vs. a f a r  r ight  s t a l  k )  . 
This argues against locating two s ta lks  on the same side of the 

steering wheel . In general , when two s ta l  ks are mounted on the same 

side of the column, one must be displaced from the steering wheel plane. 
Stalk mounting i s  intended t o  reduce movement distance and therefore 
-n:!ernent time. 

In International Standards Organization ( 1975 ) ,  32 subjects were 
s p l i t  i n t o  two groups. One group operated the controls in a standard 

1975 Oldsmobile (column-mounted turn signal and dimmer, panel mounted 
wiper/washer) ; the other, controls i n  a modified 1975 01 dsmobile 
(wiperlwasher also s ta l  k-mounted - the Chevette design). The t iming  

procedure was simi 1 ar to that  of Kuechenmeister (1974). Each subject 

responded t o  each of 14 commands four times. 



The analysis of the results showed that  there were s t a t i s t i c a l l y  
significant differences due t o  control design and practice. (See 
Figure 6 .  ) Panel controls were responded t o  more rapidly, though the 

differences decreased w i t h  practice. This was true overall and for 
each of the individual functions. 

I n  a l a t e r  re tes t  of subjects on the Chevette s ta lk design, an 
additional improvement in performance was noted. The overall differ-  

ences in error rates between designs were small. ( A  s t a t i s t i c a l  
analysis of the errors i s  not presented.) While IS0 (1975) con- 
cludes t h a t  by the fourth t r i a l  "the differences between the two 
designs are 113 of a second or less and therefore probably not 
practical differences," the author disagrees. A t  55 mph this  translates 

- into an increased stopping distance approaching two car 1 engths . 
Anacapa Sciences (1976) presented numerous studies assessing 

driver performance and expectancy in locating controls . Because those 
studies are so central t o  controls standardization, an out1 ine of the i r  
research i s  shown in Figure 7 . The Anacapa findings were presented in 
three documents : an early progress report (Anacapa Sciences, 1974), 
an analysis of foreign cars and drivers (McGrath, 1974), and a final 
report summarizing the early work and describing the l a t e r  work in 
detail (Anacapa Sciences, 1976). In the i r  f i r s t  performance study 28 

U.S. drivers stopping a t  a roadside res t  area served as subjects. 
Each chose one of three general sketches most resembling the instru- 

ment panel in the i r  car .  Drivers then marked on the sketch where 
seven controls were in their  own car.  Three-to-four inch recall 
errors were typical . 

To address several methodological issues , 24 U . S .  drivers were 
shown slides o f  instrument panels from 30 different cars and each sub- 
j e c t ' s  own car.  Widely varying on those slides were locations of 
the 1 ights ,  wiper, radio, and climate controls. Included were column- 
mounted locations for the headlight a n d  wiper controls. I n  a l l  , 
response times for eight controls were col 1 ected. Times were measured 



Figure 6 

Mean Response Time for  Two Multifunction Stalk Controls 
Reported by Internat ional  Standards Organization ( 1 9 7 5 ) .  



/ CONTROL/ACCESSORY FUXCTION TESTED 1 

Figure 7 .  Summary of Studies of Anacapa Program (shaded cells indicate 
data collected) . Source: Anacapa Sciences (1976) , p .  4 .  



from when the projector shutter opened until the subject touched the 

control on the screen. The timer was stopped manually by the experi- 
menter. 

As shown in Figure 8 ,  response times for panel-mounted controls 
were shorter and less likely t o  be i n  error.  Other findings included: 

1) There were differences between controls in terms of the 
time and errors made in locating them. 

2 )  Older drivers were slower in responding than younger ones. 

3) There were large differences between vehicles . 
4 )  Response time and error rate were highly correlated ( r  = -89) .  

5 )  Response time and errors were correlated with expectancy 
patterns from previous studies ( r  = .54). 

6) Error rates tr ipled when labels were covered. 

To validate the laboratory procedure, 12 U.S. drivers Tocated 
ten controls while driving. Subjects were assigned t o  groups 
based on similarity of the control configuration in their  own car 
with four general configurations. The t e s t  cars were a 1974 Pontiac 
Catal ina, a 1974 Ford Torino and each subject's own car. The t e s t  
course consisted of two miles of a winding two-lane rural road. Except 
for the horn ( to  be activated),  subjects were asked only t o  touch con- 
t rols  called out by the experimenter. Each control was responded t o  
five times in each vehicle. Times were collected manually. Perfor- 
mance in each subject's own car was best, followed by the Pontiac 
(high expectancy t e s t  car) and the Torino [low expectancy t e s t  car ) .  
Response times and error rates for the road tests  of the Pontiac a n d  

Torino "were in reasonably good agreement" with the lab data, t h o u g h  

they were greater in the pho to  t e s t .  In  most cases, performance 
reached an asymptote a f te r  one or two sequences of t r i a l s .  Times for 
panel-mounted controls were less than those for stalk controls. I n  

addition, i n  b o t h  cases, there were no s t a t i s t i ca l ly  significant inter- 
actions between the location of those controls in one's own car ( l e f t  
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panel, right panel or pod/stalk) and location in the t e s t  vehicle. 
Consequently, further Anacapa work focused on expectancy based on each 
driver 's  total experience rather than the control location in their  
current cars. 

I n  the final performance study reported in Anacapa Sciences (1976), 
response times were collected for eight controls and accessories in a 
full  -size American station wagon (1973 Ford LTD) and a foreign-made 
subcompact (1969 Toyota sedan). The instrument panels in these vehi- 
cles were rep1 aced with mock-ups. Thirty different control arrange- 

ments were presented in the station wagon and 15 in the subcompact. 
Only panel-mounted configurations of the headlights and wiper/washer 
switch were tested. Each of the 2088 U.S. drivers responded exactly 
twice, once in each car for a different control. In each t e s t  the 
subject fixated a t  a distant target while gripping the steering wheel. 
After naming a control, the experimenter removed a curtain co-vering 
the panel and started a clock. The experimenter stopped the clock 
when the subject touched the correct control. Subjects committing 
errors were asked to continue t o  search (and timing continued) until 
the correct control was found within a 60 second limit .  Many 
important findings emerged: 

1) The mean time t o  correct an error was two seconds. For the 
vent control those delays approached seven seconds. I t  i s  suspected 
these data underestimate the time t o  correct an  error while driving. 

2 )  Considerable confusion data was gathered which should be of 
value in comparing a1 ternative control arrangements. The key findings 
for control-location performance are presented in the form o f  

"discrepancy plots ,"  (figures that present the time t o  locate a con- 
trol as a function of the difference between the actual and expected 
location for each subject) .  Shown in Figures 9 and 10 are the data for 
the headlights and wiper/washer controls. To the author these and other 
data suggest the application of the "five inch rule" t o  instrument 
panel design. ( i  . e . ,  as long as a control i s  within five inches of 
where drivers expect i t ,  performance will n o t  suffer . )  Anacapa 
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Sciences prefers a seven-inch rule. (This difference of opinion i s  due 
t o  different interpretations of where the "kneeu in the discrepancy 
plots are located.) These analyses show that most of the performance 
differences are due t o  uncertainty regarding in which panel section 
( l e f t ,  r ight ,  console) a particular control will be found, Anacapa 
therefore argues that controls should be restricted only t o  a panel sec- 
tion. This specificaiton would be insufficient only in very large cars 
where an abundance of panel space would f ac i l i t a t e  violation of their  
seven-inch rule. I t  should be noted that Anacapa Sciences (1976)  ( p .  82) 
expresses great caution in extending these results t o  col umn-mounted 

controls. As shown in Figure 11 drivers who expect stalk control respond 
in a categorically different manner from those who expect panel-mounted 
controls. I t  appears that the five-inch rule holds only for panel - 
mounted control s . - 

Mourant , Moussa-Hamouda , and Howard (1977) compared five si  n g l  e 
lef t -s ta l  k configurations i n  a laboratory study. The stalks differed 
as t o  how the wiper and washer operated [see Figure 12) .  The stalk 
was added to a working buck of a 1967 Chevrolet instrument panel. 

Five groups of 16 subjects were tested. Each group was paired 
with a different type of control . Subjects operated the mu1 ti function 
(stalk-mounted) and instrument panel controls and  simultaneously per- 
formed a pursuit tracking task i n  response to visual stimul i . Depen- 
dent variables included decision time (from message presentation until 
a hand l e f t  the steering wheel), movement time (from leaving the wheel 
to touching the control ) , operation time (from tsuchi ng the control 
until completion of i t s  operation), number of errors,  and frequency 
and duration of direct looks a t  each control. Tracking error was n o t  
examined in de ta i l .  

Decision times were not analyzed. The other two time measures 
(movement and operation time) were summed and  examined w i t h  an analy- 
s i s  of variance. A more appropriate technique would have been t o  
perform a multivariate analysis of variance (Reising, 1977) .  

I n  comparing performance times for the wiper control, Mourant 
e t  a1 . found  the "rotate forward" ( .85 sec) and "rotate away" ( .a7 sec) 
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designs t o  be significantly better ( p  < -01) than the s l ide switch 
design (1.19 sec) . Performance times for b u t t o n  and hand swi tch 
designs were in the middle of the range and were not significantly 
different from the other designs. Performance differences between 
control designs were due t o  differences in operation time and not 
movement time. Except for where performance suffers due to their  
coaxial mounting (e  .g  . , where the wiper i s  a hand switch) , there are 
no performance time differences between washer switch designs . (See 
Figure 12 .  ) 

As Mourant e t  a1. found no significant differences between the 
five t e s t  groups in moving t o  or operating panel controls, these dif-  
ferences reflect stalk design and not between-subject group differ- 
ences . A 1  so, since panel -mounted controls were rarely operated in 
this  study, movement times for them were larger than those for stalk- 
mounted control s (900 vs . 400 ms ) . 

Examined in a separate analysis of variance were the effects of 
sex (females faster ,  p < .05) ,  hand dominance ( l e f t i e s  fas te r ,  p < .05) 
and practice ( n o t  s ignif icant) .  There were no significant inter- 
actions of these differences with control configurations . This analy- 
s i s  should have been combined with the main analysis and the ANOVA 

error term adjusted accordingly. 

Comparisons of the di rest-look frequency for each stalk configura- 
t i o n  agree with the performance time analysis. The fewest looks 
(about 5/100 responses) were required t o  turn on wiper w i t h  rotate 
forward or away configurations,. and the most (18/100 responses) were 
required for the b u t t o n  configuration. Even larger and significant 
differences ( p  < .01) were f o u n d  where wiper speed was being control led. 
There, 37 looks/100 responses were required for the "button" design. 
(Speed was controlled by a rocker switch . )  For the washer, the design 
in which the washer b u t t o n  was coaxial with the wiper handswi tch 
required significantly more direct looks ( p  < . 01 ) .  Overall , finger- 
t i p  controls required 116 the number of direct looks of other controls. 



While the fingertip reach controls were used more often and consequently 
their  locations were better known to the subjects, this difference 
arises primarily from the need for visual guidance in reaching for con- 
ventional panel -mounted controls. 

Finally, in a chi-square t e s t  of the error data, a significant 
difference between designs was found  ( p  < -01) .  The error rate for 
the b u t t o n  design (12%) was almost double that of other designs. 

There were substantial ( b u t  not s ta t i s t ica l ly  significant) 
differences between groups in tracking task performance. Time-off- 
target (error) for the rotate-away group was roughly double that of 
the rotate-forward group, which was in turn larger than any of the 
other groups. Mourant does n o t  parti tion the tracking errors into 
those associated with stalk controls versus panel -mounted controls. 
These differences coul d therefore be either between-group , betGeen- 
control design, or spurious. 

Overall , what should one conclude from Mourant's work? The 
performance time, direct look, and  error data al l  indicate that the 
rotate designs are preferable. Subjects had particular difficulty 
w i t h  designs in which a handswi tch and  a b u t t o n  were mounted 
coaxial 1y. Contrary t o  these concl us ions are the tracking error 
data. The outcome may reflect subjects trading-off performance time 
for tracking error in this dual-task experiment,. rather then true 
design differences. 

The driver performance studies of control operation do no t  indi- 
cate whether pane? or stalk controls are superior in terms of time to 
use them or errors committed. An exception is  the horn control, 
where steering wheel h u b  mounting i s  preferred t o  stalk mounting. 
There are no performance studies in which the number of stalks has 
been varied, though  there have been a few comparisons of the design of 
specific stal  ks . The data indicate that superior performance i s  
obtained where controls were close t o  the driver so as t o  minimize 



movement distance and time. About 50% of the time required to  use an 
automobile control i s  spent moving towards i t .  Drivers performed we1 1 
when controls were mounted where they are expected. As will be shown 
l a t e r ,  Americans expect panel -mounted control s , and they have served 

as subjects in a l l  b u t  one ~f the performance studies. To the author 
these two findings suggest that  very brief response times should be 
obtained for fingertip-reach panel-mounted controls, a t  l eas t  for  
American dri vers . 

In previous studies response time for controls in a laboratory 
were we1 1 correlated with on-the-road performance. Furthermore, the 
various performance measures (response time, errors ,  steering (tracking) 

e r ror ,  and direct  looks) were also well correlated. This suggests to 
the author tha t  laboratory studies in which mu1 t i p l e  performance mea- 
sures are collected i s  the most appropriate way for evaluating driver 
performance in operating controls. 

Expectancy 

In designing and positioning controls for cars ,  where drivers 
expect them to appear and how they expect them t o  operate should be 

considered. As was noted tn the previous section, Anacapa Sciences 

(1976) found that  deviation from expectancy radically altered per- 
formance. I n  many instances the expected and theoretical ly  optimal 
designs are not the same. The designer must then decide how t o  trade 

off short- term performance (favoring the expected design) with 
long-term performance (favoring the optimal one). (For a thorough 

discussion of th is  issue, see Anacapa Sciences (1976). ) 

Four studies of control expectancy are summarized in the Anacapa 
Sciences (1976) report. I n  the f i r s t  study (originally reported 

in Anacapa Sciences (1974)) expectancies for the locations of seven 
controls were obtained from 100 U.S. drivers.  Drivers responded b o t h  

by pointing t o  the location on a simplified sketch'of an instrument 
panel and by placing adhesive-backed dummy knobs on a b l a n k  panel 
mounted in a 1973 Chevrolet Impala. (Stalk controls were n o t  examined.) 



Differences between the two methods were minor. For the controls of 
interest the f o l  lowing expectancies were obtained: 

headlight - far l e f t  side of panel 
wiper/washer - either l e f t  or right of panel b u t  mostly on l e f t  
flasher - mostly on column w i t h  right side preference 

In the second study (reported in detail in McGrath (1974))  survey 
data from 238 European (UK, France, I ta ly,  Sweden) and Japanese drivers 
was examined. (The data was suppl ied by 1.50. ) Drivers were asked t o  
mark on two sketches (one of an American-made and the other of a 
foreign-made auto) where they expected t o  find eight controls. Except 

for the "European car" sketch shown t o  drivers i n  the U K  and the 
"Japanese car" sketch shown t o  drivers in Japan, a l l  sketches depicted 
left-hand-drive cars. 

In general , expectancies for control location in left-handmdrive 
cars were somewhat consistent, though  there were marked differences 
between left-hand and right-hand-drive cars. Shown in Table 7 are 
the expectancies for the controls being considered for stalk-mounting. 
For the headlight switch, French and Italian drivers expected i t  on a 
left-side s talk,  whereas other drivers expected a n  outboard panel 
location. Expectancies for the wiper and washer are similar. American 
drivers expected these controls to be on the l e f t  side of the panel. 

Depending upon the nation, expectancies exist for mounting these 
controls on either side of the steering wheel or the instrument panel . 
For the hazard swi'tch there i s  a strong expectancy among Americans for 
i t  t o  be mounted on the right side of the column, whereas a l l  others 
expected i t  on the right side of the panel. French and British drivers 
expected the horn t o  be stal  k-mounted. Others expected i t  t o  be 
mounted on the steering wheel hub'. 

I n  a third expectancy study reported by Anacapa Sciences, 7,000 
questionnaires were mailed t o  drivers in California, of which 1,708 
were returned. There were several different forms of the question- 
naires (nonorthogonal combinations o f  vehicle type (car or truck) , size 
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( f u l l - s i z e  vs. compact), t ransmiss ion type (manual o r  automat ic) ,  

seat/panel s t y l e  (bucket seats and console vs. bench seats)  and the 

order  i n  which the 14 c o n t r o l s  and accessories appeared). Chi -square 

t e s t s  revealed no s i g n i f i c a n t  di f ferences between any o f  the  sub- 

samples ( w i t h  regard t o  age, sex, d r i v i n g  experience, o r  between the  

Cal i f o r n i a  d r i v i n g  popu la t ion  and the sample responding).  

Summarized i n  Table 8 a re  the expected l oca t i ons  f o r  con t ro l s  

now being considered f o r  s t a l k  mounting . The fo l l ow ing  general i za- 

t i ons were e v i  dent. 

head l igh ts  - low on l e f t  s i de  o f  panel 

wiperlwasher - l e f t  s i de  of panel 

hazard - r i g h t  s ide  of column 

dimmer - f l o o r  mounted and on l e f t  

Apparent i n  these data i s  what Anacapa c a l l  s "expectancy l ag .  " 

Very few American automobiles have the wiperlwasher swi tch  on the  

r i g h t  s i d e  of the  inst rument  panel . Nevertheless, because t h a t  was 

preva len t  i n  the 19601s, d r i v e r s  s t i l l  expect t o  f i n d  i t  there .  

S i m i l a r l y  , fore ign  veh ic les  have had s t a l  k-mounted w i  perlwasher con- 

t r o l s  f o r  many years, b u t  d r i v e r s  s t i l l  expect panel -mounting. 

I n  t he  f i n a l  expectancy study described i n  Anacapa Sciences 

(1976) 2,088 U.S. d r i v e r s  were tes ted .  A f t e r  p a r t i c i p a t i n g  i n  the 

f i n a l  performance study described e a r l i e r ,  each sub jec t  marked on a 

sketch the  expected l o c a t i o n  o f  two d i f f e r e n t  c o n t r o l s  ( f rom a s e t  of 

e i g h t  o f  i n t e r e s t ) .  I n  add i t i on ,  d r i v e r s  r a t e d  the  s t reng th  o f  t h e i r  

expectancies on a n ine -po in t  scale.  

The expected l oca t i ons  (presented i n  the  appendix o f  the  1974 

McGrath r e p o r t  as dot-densi t y  d i s t r i b u t i o n s )  f o r  c o n t r o l  s being 

considered fo r  s ta lk-mount ing were: 

head l i gh ts  - panel l e f t  

wiperlwasher - panel l e f t  

hazard - r i g h t  s ide  of column 

The design o f  the experiment made s t a l  k expectancies unl i k e l y  . 



Tab1 e 8 .  Expectancies  f o r  Control  Location Reported in Anacapa 
Sc iences  (1976) .  (Th i rd  Study)  .. 

Panel Co 1 umn 
Control  L e f t  Right L e f t  Right 

Head1 i g h t s  U.S. f u l l - s i z e  sedan 88 12 0 
( o n l o f f )  ( n  = 633) 

U.S. compact 8 9 11 0 
(n = 315) 

Foreign c a r  84 16 
(n = 352) 

Wi per/Was h e r  U.S. f u l l - s i z e  sedan 7 2  2  7  1 
( n  = 629) 

U.S. compact 7  2  27 2 
(?  = 307) 

Foreign 
( n  = 339) 6 1 34 5 

Hazard 

Dimmer 

U.S. f u l l - s i z e  sedan 16 17 18 49 
(n = 609) 

U.S. compact 2  1 17 15 4 7 
( 0  = 295) 

Foreign 2 2 2 3 12 4 3 

( n  = 321) 

F loor  

U.S. f u l l - s i z e  sedan - - 

U.S. compact c a r  8 5 
( n  = 315) 

S t a l k  
- - 

Foreign 
( n  = 355) 



This series of expectancy studies and, or that  matter, a l l  the 
Anacapa Sciences performance studies were extremely well done. The 
experimental designs are clear ,  the data were carefully col 1 ected, 
and the analyses directly addressed the issues of  interest .  While the 
amount of information presented in this  series i s  so voluminous as t o  
deter many readers, they should persevere. 

Black, Woodson, and Sel by (1977) col 1 ected driver expectancies 
for 10 functions. Roughly 900 U.S. drivers were shown two sandwich 
boards, one a t  a time, One contained 20 panel-mounted controls and 
the other 10 s talk controls. Drivers selected a control for each 

function and specified i t s  method of operation. Accompanying this 
information was a picture of the car in which the controls were t o  be 
found. There was a tendency t o  associate gaudy controls (chrome, 
simulated wood faces) with American cars and austere controls (dull 
black, large rounded corners) with foreign vehicles. 

Summarized in Table 9 are the results obtained for controls now 
being considered for s ta l  k-mounting . 

For the headlights (on/off) and wiper/washer controls, subjects 
had strong expectancies ( 3 : l  or bet ter)  in favor sf panel over s ta lk 
mounting. Where col umn-mounti ng  was considered, subjects general ly 
didn ' t know where to find the control. If  forced t o  choose, the 1 e f t  
was preferred over the right side.  There was no consensus among 

drivers as t o  how a stalk control for the headlights (on/off) should 
operate. Also lacking was a consensus for the wiper and washer con- 
trol  s .  

For the cruise and high-low beam controls, only stalk locations 
were considered. (Subjects actually expected the beam control to be 
located on the floor near the dr iver 's  l e f t  foot . )  I n  both cases 

l e f t  stalks were favored. As with the washer, pushing d n  end b u t t o n  

was favored. For the high-low beam, pulling the lever towards the 
driver was favored. In a certain sense, the results for the cruise 
control are misleading. While one could design a speed control with a 



Table 9. Control Expectancies of Black, Woodson, and Sel by (1972). 

Expected Location (7;) If Column Locate 
Control panellstal k 1 eft /r ight/other 

I I 

Head1 ights 
(on/off) 

High-Low 
Beam ( s t a l k  t e s t  only) 

-- I 

Windshield i 74/26 33/7/51 

Washer I r- 

What look Ho!v 
% )  l ike? ( % )  Operate (%)  

I 
rotary switch 30 ro ta te  away 24 
1 ever depress rocker 20 . 
rocker 1 2  

1 ever 
rocker 13 

1 ever u p  11 
3 i -  - -- 

17 
rocker 

Notes 

Hazard 

Cruise 

1 .  Other = combined response from "none of these ,"  and "don ' t  know." 

2 .  Many of the subtotajs  do not add up  to  100%. I t  i s  not c lear  why. 

17/83 

01 1 00 
( s t a lk  t e s t  only) 

- - /73/- 

-- 
461 - 137 

Pulllpush or 
push/pul 1 
switch 8 2 
-- 
end button 34 
rocker switch 19 
rotary switch 12 

pull out 4 9 
push  in 3 1 

push b u t t o n  in 34 
depress rocker 19 
ro ta te  away 12 



s i n g l e  b u t t o n  (push t o  s e t  c u r r e n t  speed, t u r n  o f f  by t ouch ing  brake 

o r  a c c e l e r a t o r ) ,  most systems a r e  more complex. Cru ise  c o n t r o l  sys-  

tems u s u a l l y  have a t  l e a s t  an o n l o f f  s w i t c h  and a  s e t t i n g  sw i t ch .  

(See t h e  hardware rev iew f o r  d e t a i l s  .) For  t h e  hazard sw i t ch ,  sub- 

j e c t s  expected i t  t o  be mounted on t h e  r i g h t  s i d e  o f  t he  column and 

t o  p u l l  on. 

Whi le  B l a c k ' s  approach suggests which t ype  of c o n t r o l  i s  app rop r i -  

a t e  f o r  each f u n c t i o n ,  t h e  au tho r  be l i eves  any f i n a l  assignment o f  

f u n c t i o n s  must be done i n  a  complete panel con tex t .  For  example, 

these da ta  i n d i c a t e  t h a t  l e f t  s t a l k  and b u t t o n  i s  expected f o r  bo th  

t h e  c r u i s e  and washer c o n t r o l s .  I f  t h e  v e h i c l e  had o n l y  a  s i n g l e  l e f t  

s t a l  k, i t  would be unwise f o r  bo th  t o  be i n t e g r a t e d .  

Whi le  t h e  B lack e t  a1 . s tudy  was we l l -p lanned  and executed, and 

the  o v e r a l l  fo rmat  o f  t h e  r e p o r t  makes i t  easy t c  read, i t  has severa l  

major  weaknesses. F i r s t ,  i n  many p laces t he  percentages do n o t  add 

up t o  100%. I t  i s  n o t  c l e a r  whether t h i s  i s  due t o  m i ss i ng  responses 

on some ques t i onna i r es  r e tu rned ,  c a l c u l a t i o n  e r ro rs ,  o r  bo th .  For  

each ques t ion ,  bo th  t h e  ac tua l  number responding and t h e  percentages 

shou ld  have been repor ted .  A lso l a c k i n g  a re  t h e  d e t a i l s  r ega rd i ng  

c o n t r o l  s e l e c t i o n .  B lack e t  a1 . r e p o r t  summary percentages f o r  each 

c l a s s  o f  c o n t r o l s  (e .  g., knob l o % ,  l e v e r  5%) b u t  n o t  t h e  percentages 

f o r  each des ign (e.g. ,  knob 81  = 3%, knob #2 = 6%, e t c . )  . 
For  s t a l k  c o n t r o l s ,  n o t  o n l y  i s  s t y l e  i n f o r m a t i o n  l a c k i n g  (D id  

t h e  s u b j e c t  s e l e c t  a p l a i n  s t y l e  o r  one w i t h  o t h e r  f u n c t i o n s  on i t ? )  

b u t  so i s  c o n f i g u r a t i o n  i n f o r m a t i o n  (D id  t h e  s u b j e c t  s e l e c t  a  one - o r  

two-s ta l  k design, and i f  two, which s t a l k  was s e l e c t e d ? ) .  Th is  i n f o r -  

mat ion  would be very  use fu l  bo th  t o  t h e  des igners  and those i n t e r e s t e d  

i n  deve lop ing  standards f o r  mu1 t i f u n c t i o n  s t a l  k  c o n t r o l s .  

E l s h o l z  and B o r t f e l d  (1978) and E l s h o l z  and F r i ngs  (1979) (pe r -  

sonal  communication) asked f i v e  groups of 30 f o r e i g n  d r i v e r s  t o  oper-  

a t e  c o n t r o l s  i n  an Audi 100 LS, BMW 728, C i t r o e n  C X  2000, Peugeot 604 

SL, o r  Renaul t 30 TS. The r e s u l t s  o f  t h a t  s tudy a re  summarized i n  a  



l a r g e  t a b l e  i n  E l sho l z  and B o r t f e l d  (1978). Because so few have under- 

s tood it, t h a t  t a b l e  has been reproduced here (Table 10) i n  a  s l i g h t l y  

mod i f i ed  form w i t h  an exp lana t ion .  The c o n t r o l  designs have been 

s p e l l e d  ou t ,  as have t he  d i r e c t i o n s  of opera t ion .  Only c o n t r o l s  be ing  

cons idered f o r  s t a l  k-mounting a re  repor ted .  Tabl e  10 has seven 

columns. The f i r s t  t h ree  i n d i c a t e  t he  func t ion ,  c o n t r o l  design, and 

l o c a t i o n  of t he  c o n t r o l .  The f o u r t h  column s ta tes  how the  c o n t r o l  

operates,  "Up" and "down'" r e f e r  t o  t he  p lane  p a r a l l e l  t o  t he  face  o f  

t he  s t e e r i n g  wheel. "In" and "ou t "  r e f e r  t o  t h e  ins t rument  panel .  

The f i f t h  column s t a t e s  how the  c o n t r o l  operates t o  s e t  the  con- 

t r o l l e d  i t e m  on o r  inc rease  i t .  The s i x t h  column i n d i c a t e s  the per-  

centage of those responding who assoc ia ted  the  wrong c o n t r o l  w i t h  a  

c o n t r o l  name. For example, f o r  w indsh ie l d  wiper ,  10% o f  those t e s t e d  

on t h e  f i r s t  v e h i c l e  ( r i g h t - s i d e  s t a l k  c o n t r o l  ) m is taken ly  se l ec ted  

something e l se .  ( A f t e r  responding, those sub jec ts  i n  e r r o r  were 

informed o f  t he  assigned c o n t r o l  . )  Column seven i n d i c a t e s  t he  

percentage o f  sub jec t s  who tu rned  on t h e  c o n t r o l  i n  t he  wrong d i r e c -  

t i o n .  (Again,  f o r  t he  w indsh ie l d  w iper  on t he  f i r s t  veh i c l e ,  7% o f  

those t e s t e d  d i d  n o t  move t he  r i g h t  s t a l k  up.) The l a s t  column i n d i -  

cates t he  percentage o f  those who performed t he  wrong ope ra t i on  f o r  

c o n t r o l l i n g  i n t e n s i t y .  Here, f o r  example, 13% o f  those t e s t e d  i n  t he  

f i r s t  v e h i c l e  i n c o r r e c t l y  operated t h e  c o n t r o l  t o  change t he  wiper  

f rom low t o  h i gh  speed. 

For each f u n c t i o n  t he re  a re  as many as f i v e  rows, one f o r  each 

o f  t he  f i v e  veh i c l es  t es ted .  As some veh ic les  were n o t  f i t t e d  w i t h  

a1 1  c o n t r o l s ,  t he re  a re  l ess  then f i v e  rows f o r  some f unc t i ons .  
There are a  number o f  i ns tances  i n  which t he  a u t h o r ' s  i n t e r p r e t a t i o n s  

o f  these da ta  d i f f e r  f rom the conc lus ions o f  E l sho l z  and B o r t f e l d  (1978). 

They aons ider  a  25% e r r o r  r a t e  t o  be acceptable,  whereas the  au thor  

cons iders  t h a t  c r i t e r i o n  too  permiss ive.  (See Tabl e  10) .  



Table 10. Control use Errors Reported by Elsholz  and S o r t f e l d  (1978) .  

I x i x grong 1 
1 ' Unable Wrong D i r e c t i o n  I 

1 To t o  O i r e c t ~ o n  , t o  2ontro l  / 
Function : Ccntrol Locacion Operhte Locate to  Operate , i n t e q s i t y  i 

I 
I 

7 
I 

Windshield Wiper 1 S ta l k  , Column: Right  UP 10 1 13 1 
1 Column: Rfght  Out I 30 1 80 ' 30 

I 7 O 1  I I 1 Panel: L e f t  

i I ? I 

C o l u m n :  L e f t  I n  63 , 73 

i. 1 Column: R igh t  Up 7 LO 63 
I 1 I I 

I 
I Turn Signal Sta lk  Column: L e f t  Up/Dowrd 20 1 
1 

I i ' 
17 1 i 

I 

? I 

1 3 I 0 I 0 1 
L i i Column: Right  1 

f 0 0 I 
'I / Rocker / Panel : L e f t  1 I 0 3 

! Windshield Hasher / S ta l k  Rlght  ! R ight  / I0 I 

. I l 1  
I 27 
I I 
! I ,  ' 13 1 13 ~ 

~ / C o l u m n :  L e f t  I Up , 83 1 83 ~ 
, , / Fanel: L e f t  R igh t  70 43 I 47 ~ 

( 1 

Parking L i g h t  1 S ta l k  S ta l k :  L e f t  Up 57 1 10 i 13 
I 
'I 1 l i j g h t  / 51 I 17 77 

1 Panel : Rfght  i Out 73 1 I 

3 1 10 

1 Panel: L e f t  7 1 23 

1 / Rocker 1 1 0 , 10 

Headlights On/Off I S ta lk  3 23 
I 

I 
I 1 7 i  3 I 

9(3 

7 

1 I f ,  1 Panel : L e f t  7 li 
Upl 

7 / Rocker 7 7 6 0 1  0 13 
I 

i 
I 47 1 

I 

1 l!om ; S ta l k  j Column: Right  R igh t  ; 83 47 

1 High Beam 
I I 

! 

I 1 

: Touch / Column: Control 1 L e f t  1 0 1 0 I 
I 

0 i 
I i l l  1 j 1 3 i  0 1  O !  

I I i ; y l o l  o r 
I 

, I ;  0 ' 
! I 
1 Y f ; Panel : L e f t  I n  j 77 ~ 3 1 3 i 

, 

I I 
, S ta lk  1 Column: L e f t  L e f t  1 19 46 68 

14 31 

I I 83 9 3 
20 70 I 1 T k F h  Dane1 : ' Rlght  I D o n  1 67 0 

I 

1 -  / F ront  Fog L i g h t  
i 
S t a l k  % a d :  Rfght  I 17 37 

\ T I Rocker I Panel : Le f t  7 ' 

I I 
I I I 1 Rear Fog L i g h t  j S ta l k  1 Panei: Right  27 57 ~ 

I 

Y I Rocker / Panel : Lef: 0 50 
I I 

/ Hazard Flasher ' S ta lk  Column: L e f t  20 1 37 i 

I Rocker I Panel : Qight ' 7 0 40 I 

I I I 

I I I 77 3 30 

I I 1 1 ,  I 53 1 3 

83 0 0 
I 

i 7 7 Y 1 

1 
a / Parr ing L l g h t  Sta lk  Column: L e f t  Up/Down~ 27 

I I Rocker ~ o l u m :  Center v 90 I a 3 1 



The a u t h o r ' s  conc lus ions a re  shown be1 ow: 

1). For  t he  w indsh ie l d  w iper  t he re  were problems w i t h  r i g h t - s i d e  

s t a l k  c o n t r o l s  t h a t  t w i s t e d  o r  moved towards o r  away f rom t h e  

d r i v e r  b u t  n o t  those t h a t  moved up o r  down. 

2. N e i t h e r  a  s t a l  k c o n t r o l  mounted on t he  1  e f t  of the column 

(push away = on) n o r  one mounted on t he  l e f t  o f  t he  i n s t r u -  

ment panel (up = on) were s t e r e o t y p i c a l  modes of ope ra t i on  

f o r  t he  w indsh ie l d  washer. 

3. D r i  vecs had d i f f i  cu1 t y  w i t h  s t a l  k-mounted horn c o n t r o l s  b u t  

n o t  w i t h  " touch c o n t r o l s "  mounted on the  s t e e r i n g  wheel. 

4. When t h e  t u r n  s i gna l  was n o t  operated by a  l e f t  s ide  l e v e r ,  

d r i v e r s  had d i f f i  cu1 t y  l o c a t i n g  i t. 

5. None o f  t h e  c o n t r o l  t y p e / d i r e c t i o n  combinat ions f o r  the  

pa rk i ng  1  i g h t s  were f u l l y  understood by sub jec ts .  

6. None o f  t he  t es ted  c o n t r o l s  f o r  t u r n i n g  on t h e  headlamps 

( l e f t  s t a l k  - push up/down; ins t rument  panel s t a l k  

c o n t r o l ,  r i g h t  s i d e  - p u l l  toward t h e  d r i v e r ,  o r  l e f t  s i d e  - 
push up; r ocke r  sw i t ch  on t he  l e f t  s i d e  o f  t he  ins t rument  

panel ) were e a s i l y  l oca ted  by sub jec t s .  

7 .  S i m i l a r  d i f f i c u l t y  was exper ienced w i t h  c o n t r o l s  f o r  the  h i gh  

beam ( l e f t  s t a l k  c o n t r o l  - moves l e f t  o r  r i g h t ;  touch 

c o n t r o l  on r i g h t  s i d e  of i ns t rument  panel - push up ) . 
8. For t h e  f o g  l i g h t s  ( f r o n t  and r e a r )  n e i t h e r  a  s t a l k  c o n t r o l  

( r i g h t  s i d e  of i ns t rument  panel - push up) no r  a  r ocke r  sw i tch  

( l e f t  s i de  o f  i ns t rument  panel - push forward)  were e a s i l y  

l oca ted  by sub jects .  Separate c o n t r o l s  f o r  f o g  1  i g h t s  are n o t  

f i t t e d  on most cars ,  espec ia l  l y  American veh i c l es .  

9 .  O f  t he  f i v e  location/method-of-operation combinations t es ted  

f o r  t he  hazard f l  asher, d r i v e r s  exper ienced cons iderab le  

d i f f i c u l t y  w i t h  a l l  o f  them ( l e f t - s i d e  s t a l k  c o n t r o l  - push 
l e f t ;  r ocke r  sw i t ch  on r i g h t  s i d e  o f  the  ins t rument  panel - 
push down; touch c o n t r o l  i n  same p lace  - push l e f t ;  l e f t - s i d e  

panel-mounted push b u t t o n  - push r i g h t ) .  



10. A stalk control ( l e f t  side - push up or down) was not easily 
located by drivers for  the parking 1 ights ,  and a rocker 
swttch (on steering wheel - push right side forward) was 
extremely diff icul ty  to locate. 

The Elsholt and Bortfeld study offers many insights into how 
mu1 t i  function controls should be designed. While the sample sizes are 
small and the description of their  procedure i s  deficient,  this  report 
deserves more attention than i t  has received in the past. As the b u l  k 

of the paper i s  concerned with symbols, i t  i s  easy t o  overlook. 

Summary 

With one exception studies of control expectancy have dealt with 
American drivers. American drivers expected the wiper/washer and 
head1 ight controls to appear on the l e f t  side of the instrument panel 

whereas foreign drivers expected stalk locations. Much of the data 
were biased by the use of  paper and  pencil methods for collecting 
expectancies. This approach leads the respondent t o  be1 ieve that one's 
expectations should be confined t o  a f l a t  surface, l ike the paper ( i  . e . ,  
the panel) and n o t  away from i t  (on  a s t a l k ) .  Further insights into 
American expectations could be gained by analyzing the Black e t  a1 . 
(1977) data fur ther ,  especially for stalk controls. 

Problem Surveys 

Near-Acci dents 

Two kinds of data that have been combined in this  section: 
reports of near-accidents, and somewhat more general problem-incidence 
surveys. The f i r s t  type i s  primarily concerned with safety issues. 
The second, a t  times, address comfort a n d  convenience questions. 

Using near-accident and cr i t ica l  incident data to address safety 
questions i s  a long-established practice in the a i r c ra f t  (F i t t s  and 
Jones, 1947; Fa1 kenberg, 1973; Shannon and Waag , 1973; Ricketson , 
Johnson, Brenham, and Dean, 1973) and in the motor vehicle industries 
(McFarland and Mosley , 1954; Zuercher, Sass, and Weiss , 1971) .  



O f  p a r t i c u l a r  i n t e r e s t  t o  t h i s  rev iew i s  t he  Burger,  Smith, Queen, 

and Slack (1977) r e p o r t .  Ques t ionna i res  were sen t  t o  9,966 d r i v e r s .  

The 3,478 r e t u r n s  c i t e d  1,691 acc iden ts  o r  near-acc idents ,  some o f  

which i n d i c a t e d  d r i  ver /veh i  c l e  incompat i  b i l  i t i e s .  Problem areas 

i n v e s t i g a t e d  i nc l uded  v i s i o n ,  s t ee r i ng ,  b rak ing ,  s h i f t i n g ,  sea t ing ,  and 

c o n t r o l s .  Shown i n  Table 11 i s  a  summary o f  f a c t o r s  r epo r t ed  t o  con- 

t r i b u t e  t o  acc iden ts .  The number o f  problems assoc ia ted  w i t h  f i n d i n g  

and us ing  c o n t r o l s  i s  somewhat l e s s  than those f o r  o t h e r  f a c t o r s ,  

though i t  i s  g r e a t e r  than those a l l e g e d l y  due t o  a1 coho1 and drugs 

(a  r e p o r t i n g  problem?).  It i s  i n  t he  midd le  o f  t he  range o f  f a c t o r s  

assoc ia ted  w i t h  veh i c l es .  D e t a i l s  o f  problems w i t h  c o n t r o l s  a re  shown 

i n  Table 12, The responses i n d i c a t e  t h a t  us ing  secondary c o n t r o l s  has 

been assoc ia ted  w i t h  p o t e n t i a l l y  dangerous s i t u a t i o n s .  Noteworthy a re  

t h e  l a r g e  number o f  problems exper ienced i n  f i n d i n g  and ope ra t i ng  the  

horn,  t h e  defogger, and t h e  dimmer sw i tch .  

Given spec ia l  examinat ion i n  t he  Burger e t  a1 . (1977) s tudy was 

t he  r e l a t i o n s h i p  between t he  number o f  f u n c t i o n s / s t a l k s  and r e p o r t s  

of f i nd i ng ,  reaching,  and ope ra t i ng  problems. As shown i n  F igure  13, 

r epo r t ed  d i f f i c u l t i e s  r a p i d l y  increased as t h e  number o f  f unc t i ons /  

s t a l k s  goes from 2 t o  3. For the  most p a r t ,  the  jump shown i s  due t o  

d i f f i c u l t i e s  w i t h  t he  horn i n  the  '71,  ' 7 2 ,  and '76 Capr i .  They repre -  

sented 13 o f  the  14 t h ree  f u n c t i o n / s t a l  k veh i c l es .  One weakness w i t h  

t h i s  s tudy i s  t he  f a i l u r e  t o  r e p o r t ,  w i t h  t he  s t a l k  problem data,  

equ i va l en t  in fo rmat ion  on panel c o n t r o l s .  The key quest ions a re  ( 1 )  

how many problems a re  r epo r t ed  f o r  f unc t i ons  on s t a l k s  across func- 

t i o n s  on panels ,  and ( 2 )  does adding a  func t ion  t o  a  s t a l k  i n t e r a c t  

w i t h  f unc t i ons  a l ready  on t h a t  s t a l k  and make them more d i f f i c u l t  t o  

operate? 

Because of t he  f i nd ings  of the  Krumm (1974) s tudy concerning horn 

l o c a t i o n  (discussed l a t e r ) ,  problems of f i n d i n g  and ope ra t i ng  the  horn 

were g iven  spec ia l  a t t e n t i o n .  (See Table 13. )  These problems were 

analyzed f o r  d r i v e r s  who r e g u l a r l y  operate  veh ic les  w i t h  stalk-mounted 



Table 11. Factors  C o n t r i b u t i n g  t o  Near Acc idents  Reported by 
Burger e t  a1 . (1977). 

PI  ayed 
No P a r t  

Veh ic le  

Poor v i s i o n  f rom ca r  2196 
S tee r i ng  o r  b rak i ng  2738 

d i f f i c u l t i e s  
Gear s h i f t  d i f f i c u l t i e s  2989 
F ind ing  and us ing  c o n t r o l s  2792 
V i s i b i l i t y  o f  o t h e r  veh i c l es ,  1777 

pedes t r ians ,  s igns ,  e t c .  

D r i v e r  

Fa t igue  2045 
A1 coho1 /Drugs 2788 
D is regard ing  d r i v i n g  r u l e s  2584 
I n a t t e n t i  on 1900 
Lack o f  d r i v i n g  s k i l l s  2899 

Environment 

Darkness 
Rain/snow/ice 
Fog 
Sun g l a r e  

Roadway 

Poor s igns  ( l o c a t i o n 1  
readabi  1 i t y )  

Poor road  cond i t i ons  
Poor s t r e e t  markings 

Cont r ibu ted  
Somewhat 

Con t r i bu ted  
Grea t l y  





II If It. I1 11 

Datsun 8-210174, 20 
7 5 ,  76 

Da ts un 5 10172 10 
Toyota Csrsl  1 a 2 1 

7 1 ,  72, 7 3 ,  74 
Poyota Cel i ca 9 

7 3 ,  75 

Granada/75, 76 25 
Capri /73,  74 15 
Mustang 11/75, 76 8 

None 

Col t / 7 2 ,  74 . 

OPERATING 

FINDING 

REACH I NG 

NUMBER OF FUhCTlONS ON STALK CONTROL 

Figure 13. ,Control Problems v s  . Number of Funct ions/Stal  k .  
Reported in  Burger,  Smith, Queen, and Slack (1979) .  





horns. Whi 1 e those data indicate t h a t  dri vers experienced more di f f i  - 
cul t y  in operating stal k-mounted horns than other designs, this con- 
cl usion is based on very few responses. 

General Problem Surveys 

The earl lest of the general problem incidence surveys i s  t h a t  s f  

Krum (1974). Summarized were interviews of 392 mostly young drivers 
of foreign automobiles in regard t o  control location and operation 
difficulties. As neither a copy of the survey, a l i s t  o f .  the ques- 
t i  ons , nor uni variate summaries of responses were reproduced in their 
report, i t  is  most difficult t o  discuss this report in detail. 

As was noted previously, alternative locations for the horn were 
compared in this study. Shown in fable 14 ara problem incidence rates 
for the various horn locations. Higher problem rates were well 
correlated with longer response times i n  the performance study des- 
cri bed earl i er. The s tal k-inoun ted and rim-mounted configurations 
caused probl ems for drivers . 

Table 14. Problem Incidence vs. Horn Location, Reported by 

Krumm ( 1174) . 

I 
Sample Size i Problems Z :  

2-spoke 1 ever 116 5 4.  / 
360' ring 32 2 6 -  1 
center 26 3 12. 

3-spoke pushbutton 14 3 21. 

stalk 18 5 28. 

rim 9 3 33. 

A1 so contaii~cd i n  . t l i ~ t  docuilcnt are in;inlll-,s into ttlc assi yncnt 
o f  functions t o  stalks. Two plots are reproduced in  a modified form. 
Figure 14A shows that for a single l e f t  stalk, adding functions t o  a 



stalk increases the average diff icul ty  of finding and operating con- 
t ro ls  on that s ta lk.  The more controls present on a single s ta lk ,  the 
greater the diff icul ty  for the driver. B u t ,  i t  should be noted that 

the diff icul ty  of operating the controls when they are panel -mounted 
i s  not reported. The question here i s ,  "which leads to the fewest 
problems--a1 1 controls on the panel , a1 1 controls on the s ta lk ,  or a 
mi x?" 

Shown in Figure 14A are the results for the 2 l e f t ,  1 right stalk 
configuration. Criticisms of th is  figure have appeared in a research 
proposal (Highway Safety Research Inst i tute ,  1975).  Due t o  the 

resemblance t o  Figure 14A, Figure 14B i s  easy t o  misinterpret. In 

Figure 14B the two points above "3 Functions" represents the mean 
(and not the sum) of the % reports of diff icul ty  for finding the dim- 
mer, the optical horn, and the headlights when a l l  three are on l e f t  
stalk 2 .  (Some have thought that each point in Figure 14B represents 

reports for the l a s t  function added t o  the s ta lk.  For example, for 
the t o p  indicated " l e f t  s ta lk 2 , "  the point to  the upper l e f t  was 
t h o u g h t  t o  be associated with finding the dimmer ("the f i r s t  function"),  
the middle point associated with finding the optical horn (" the second 
function"), a n d  the point on the right with finding the headlights 
(.the third function) . )  

Complete data for the 2L - 1R configuration are present only 
where there i s  one function/stal k .  Missing are data for finding and 
operating l e f t  stalk 1 when two and three functions are present on 
l e f t  s ta lk 2, and finding/operating data for the right stalk when three 
functions are present on l e f t  stalk 2 .  

The data for the 2 l e f t  - 1 right configuration appear t o  con- 
t radict  those of the 1 l e f t  configuration. Here, instead of leading 
t o  increased diff icul ty ,  adding functions t o  l e f t  stalk 2 led t o  

fewer problems. The conclusions from the 2 l e f t  - 1 right configura- 
tion must be treated as very tentative,  as problem percentages for the 
multiple function conditions are n o t  reported for the turn signal 
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CONFIGURATION : 21-lR 
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Figure 14. S t a l  k Operation Difficult ies Reported in Krumm ( 1 9 7 4 ) .  



( l e f t  stalk 1) .  I t  seems likely t h a t  adding functions t o  l e f t  stalk 

2 should lead t o  increased difficulty with the adjacent l e f t  stalk I .  

The Krum results do permit a conclusion t o  be drawn with respect 

t o  the function distribution question. For the three-function-single- 

l e f t  stalk roughly 23% of the drivers reported problems finding/ 

operating for each function. For the 2 l e f t  - 1 right configuration, 

where only one function was on each s talk,  the problem was a b o u t  30%. 

Given the variability in the da t a ,  these two values are n o t  signifi-  

cantly different. 

One point t h a t  i s  quite clear in the Krum (1974)  d a t a  i s  that 
the type of transmission must be considered when stalks are selected. 

Far more problems are experienced with stal  k configurations when  the 

vehicle (presumably l e f t  hand drive) has a manual transmission. (See 

Table 15.) 

Finally, i t  should be noted t h a t  a portion of the Krumm (1974) 

d a t a  was reanalyzed by Mourant e t  a1 . (1977). E l  even cr i t ical  inci - 
dents for finding stalk controls (8  for the dimmer, 2 for the horn, 

1 for the wiper on/off) were reported. For stalk control operation 

four incidents (two for wiper onloff, one each for washer and  head- 

lights onloff) were reported. I t  i s  n o t  known i f  these rates differ 

from those for non-s ta1 k mounted control s . 

Table 15. Control Problems and Transmission Type (sing1 e l e f t ,  
single right s t a lk ) ,  Reported by Krumm (1974). 

Location Difficulty Activation Errors 

Left Stalk Right Stalk Left S t a l k  Right Stalk 

Automatic 0.0% 9.1% 6.2% 3.0% 

Manual 13.5% 25.9% 18.4% 19.9% 



Reported in Anacapa Sciences (1974) (see also Anacapa Sciences 
(1976) are two surveys of driver-reported problems with controls. In 
the f i r s t ,  1,140 motorists were interviewed a b o u t  their  own cars. A t  

roughly the same time, a b o u t  1,900 questionnaires were distributed t o  
drivers renting cars a t  an  airport .  Of those, 342 (18%) were 
returned. Shown in Table 16 are the results for controls now being 
considered for s ta l  k-moun ti ng . (Most control s in those vehi cl es were 
panel -mounted. ) Noteworthy in Tab1 e 1 6  are the fo1 lowing: 

1) Renters reported much greater use of accessory controls 
(e .g . ,  wiper, l ights ,  e t c . ) ,  i n  some cases double or 
t r ip le  the rates , than those dri v i  ng  their  own cars.  

2 )  Drivers had about equal difficulty with locating and 
operating controls . 

3) Posing special diff iculty t o  drivers were locating and 
operating the horn, operating the wiper and  washer, and 
locating the dimmer (foot switch). 

Shown i n  McGrath (1974) for the own-car study, and reproduced i n  

Table 17 are the difficul t ies  encountered i n  locating and operating 
controls as a function of the control design. Problem report rates 
for multifunction wiper and washer controls are about the same as 
those for panel controls . For the horn and head1 amp, there are t o o  
few cases of mu1 tifunction controls on which t o  base any conclusions. 

Probably the most extensive examination of s ta l  k-mounted controls 
t o  date i s  that by Mourant, Moussa-Hamouda, a n d  Howard (1977). They 

. catalogued existing configurations , col lected problems associated w i t h  

their  use, a n d  performed a laboratory evaluation of five configura- 
tions. The l aboratory study was discussed previously. The hardware 
review appears l a te r .  In the problem survey, 405 drivers were inter- 
viewed while seated i n  their  own cars (31 different makes). The 

sample was representative of the driving population by sex b u t  included 
a disproportionately 1 arge number of younger individuals . There were 







f o u r  s t a l k  c o n f i g u r a t i o n s  p resen t :  1 l e f t  s t a l k  ( l L ) ,  2  l e f t  s t a l k s  

(2L) ,  1 l e f t  p l us  1 r i g h t  s t a l k  ( l L ,  1R) and 2  l e f t  p l us  1 r i g h t  s t a l k s  

(2L, 1R). The o n e - l e f t - s t a l  k  con f i gu ra t i on  (11)  occur red  most f r e -  

quen t l y .  The number o f  f u n c t i o n s / s t a l k  v a r i e d  between one and seven. 

Shown i n  Tables 18, 19, and 20 a re  t he  summaries o f  t h e  130 f i n d i n g  

and ope ra t i ng  problems repo r t ed  by c o n f i g u r a t i o n .  Mourant e t  a1 . 
(1977) concludes t h a t  i f  f unc t i ons  a r e  t o  be stalk-mounted, i t  i s  

b e t t e r  t o  add them t o  e x i s t i n g  s t a l k s  than t o  i n s t a l l  a d d i t i o n a l  

s t a l k s  f o r  them. F rank ly ,  those d i f f e rences ,  when based on problems/ 

f u n c t i o n ,  a re  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  . I n  severa l  cases t he  

d i f f e r e n c e s  i n  t h e  percentages a re  i n  t h e  wrong d i r e c t i o n .  

Other general  conc lus ions drawn by Mourant e t  a1 . (1977) i n c l u d e :  

( a )  l a b e l i n g  decreases repo r t ed  problems ( b u t  t h e  d i f f e r e n c e  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ) ,  and [ b )  t he re  was no i n t e r a c t i o n  between 

any of t h e  d r i v e r  c h a r a c t e r i s t i c s  ( d r i v i n g  exper ience, sex, mi leage, 

hand s i ze ,  e t c . )  and repo r t ed  problems. 

The Mourant e t  a1 . study con ta ins  cons iderab le  d e t a i l  r ega rd i ng  

repo r t ed  d i f f i c u l t y  w i t h  each sw i t ch  type and s t a l k  l o c a t i o n  con- 

f i g u r a t i o n  f o r  each f u n c t i o n .  These data a r e  presented i n  Tables 18, 

19, and 20. As Mourant e t  a l .  c o r r e c t l y  no te  (p .  35),  drawing con- 

c l us i ons  about a  p a r t i c u l a r  sw i t ch  design from these data i s  d i f f i c u l t .  

Whi le t he  t o t a l  number o f  problems repo r t ed  i s  l a r g e ,  t he  number f o r  

each combinat ion i s  sma l l .  For example, t h ree  veh i c l es  w i t h  (11, 1R) 

s t a l k  c o n f i g u r a t i o n s  had a  hand sw i tch ,  which when pushed i n ,  tu rned  

on the  w iper .  One d r i v e r  r epo r t ed  a  problem f i n d i n g  t h a t  c o n t r o l  , thus 

y i e l d i n g  a  33% compla in t  r a t e .  C l e a r l y  such a  f i g u r e  i s  meaningless. 

Only f o r  f lash- to-pass c o n t r o l  a re  t h e r e  samples of any respec tab le  

s i z e  ( t h e  l a r g e s t  be ing  n  = 79 )  and i n  those cases the  d i f f e r e n c e s  

between des i gns a re  s  1  i gh t . 





Table  19. Problems of Finding and Opera t ing  Washer C o n t r o l ,  
Reported by Mourant e t  a l .  (1977) .  

Locat ion  o f  Control  
and ( c o n f i g u r a t i o n )  

Switch Types 

I 
Finding Problems 

L e f t  S t a l k  ( 1 1 ) '  
L e f t  S t a l k  ( I L ,  1R) 
L e f t  S t a l k  ( 2 1 )  
Right  S t a l k  ( l L ,  1R) 
Right  S t a l k  ( 2 1 ,  1R) ' 

Lever 
Pu l l  

F inger  
Button 
Push 

Lever 

Toward 

I Hand 
Switch 
Push 

I #  % 

Opera t ing  Problems 

L e f t  S t a l k  ( I L )  

I 
I 

Right  S t a l k  ( l L ,  1 R ) I  8 , 1 2 . 1 /  
Right  S t a l k  (2L, 1R) I/ 0 0 1 

Away 

1 

In 

# I % ,  

i i 
0  

-1 

B 

0 

33.3 

In 

1 

1 

L e f t  S t a l k  ( 1 1 ,  1R) 
! I Left S t a l k  (2L) 1 i 

5 , 7.6 

0 

% 

0 

# 

2 
2 
2  

2 .4  

100 
1 

$ 

66 .7  
18.2 

5 . 4  
4 . 4  
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Overall the problem surveys indicate: 

1. Secondary control use has been reported by drivers t o  be 
associated with accidents and near-accidents. 

2 .  Drivers reported roughly the same number of problems with 
mu1 t i  function stalk controls as with panel-mounted controls. 

3. Most control use problems were associated with locating and  

activating them rather than reaching for them. 

4. Adding functions t o  stalks may have made them more d i f f icu l t  
t o  operate, The trade-off between adding functions to stalks 
and adding stalks i s  unknown. 

5.  Horn controls should be mounted on the steering wheel pad or 
spokes and not on a s ta lk.  

6 .  Many drivers experienced diff icul t ies  with s ta l  k-mounted 
wi per/washer controls . 

While problem surveys can be a valuable source of information, 
they are a retrospective approach yielding only information about the 
past. The accuracy of problem surveys depends on driver recal l ,  and 
may be in error .  

Preference Studies 

As automobiles are manufactured to be sold for a prof i t ,  i t  i s  
desirable to market vehicles with features the customers want. 
Mortimer and Post (1973), as part of a larger study, had 10 drivers 
s ta te  their  preferences for switches for a three-beam head1 i ghting 
system. (Subjects did not have a n  opportunity t o  operate them.) Sub-  

jects chose from three designs. (See Table 21.) Column-mounting was 
preferred. 

Kuechenmeister (1974) 1 ent each of  24 General Motors employees a 
t e s t  vehicle f i t ted  with a multifunction control for an evening. (On 

t h a t  control, a l e f t  s ta lk,  was located the turn signal , dimmer, and 



Table 21. Swi tch Preferences Reported by Mor t imer  and Post  (1973) .  

Subjects  Preference Method o f  Operat ion 

s t a l k  Push t u r n  s i g n a l  l e v e l  

s t a l  k  ( w i t h  r e s e r v a t i o n s )  away f o r  1 ow, m idd le  , 
h i g h  

2 f l  oor-das h  combinat ion push/push f o o t  s w i t c h  
and dash-mounted 

pu l l / push  beam p a i r  
s e l e c t o r  (1 ower m idd le  
o r  m idd le  - h i g h )  

c y c l i n g  f o o t  s w i t c h  push down f o r  h i g h  
( 3  p o s i t i o n s )  

wiper jwasher  f u n c t i o n s  . ) A ques t i onna i r e  completed a f t e r  r e t u r n i n g  t he  

v e h i c l e  revea led  t h a t  sub jec t s  f e l t  t h e  w iper ,  washer, and beam-switching 

f u n c t i o n  should  be i nc l uded  on a  mu1 t i f u n c t i o n  c o n t r o l  b u t  n o t  t h e  

headl i g h t s - p a r k i n g  1 i g h t s  on /o f f ,  hazard,  c r u i s e ,  o r  horn c o n t r o l s  . I t  

i s  p o s s i b l e  t h a t  sub jec t s  were b iased  i n  favor  of t h e  "improved" GM 

p roduc t .  

As p a r t  o f  t h e  Mourant e t  a l .  (1977) r e a n a l y s i s  o f  t he  Krumm (1974) 

problem survey, responses concern ing d r i v e r  "1 i kes"  and " d i  s l  i kes"  f o r  

s t a l k  c o n t r o l s  were descr ibed.  As d r i v e r s  1  i s t e d  advantages more o f ten ,  

Mourant e t  a1 . (1977) concl  uded, " these percentages suggest t h a t  d r i v e r s  

p r e f e r  more func t ions  a t  f i n g e r t i p  reach ( s t a l  k-mounted) than i n  con- 

ven t i ona l  l o c a t i o n s  on t h e  dashboard." ( p .  104.) The au tho r  does n o t  

b e l i e v e  t h e r e  i s  s u f f i c i e n t  evidence f o r  t h a t  conc lus ion .  

As p a r t  o f  t he  IS0 1975 s tudy ,  16 sub jec t s  rated t h e  ease 

of  o p e r a t i o n  o f  f i v e  func t ions  (w iper ,  washer, headl i g h t s  on/of f ,  

dimmer, t u r n  s i g n a l )  i n  a  v e h i c l e  f i t t e d  w i t h  a  "Chevette t ype "  s t a l k ,  

r e l a t i v e  t o  t h e i r  own car .  Another 16 p rov i ded  s i m i l a r  r a t i n g s  f o r  a  

v e h i c l e  w i t h  a s t a l k  on which t h e  t u r n  s i g n a l  and dimmer were grouped. 

Shown i n  F i gu re  15 are  the mean r a t i n g s .  No s t a t i s t i c a l  a n a l y s i s  o f  

them was p rov ided .  The imp1 i c a t i o n  i s  t h a t  s t a l k  c o n t r o l s  a r e  des i red .  



simple-stal k car 
(turn signal and dimmer on s ta lk)  
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complex-stal k car 

Much Easier i (turn signal,  dimmer, and wiperiwasher on s ta lk)  

Eas i e r  
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(Between Groups) 

o w n  car 
( u n k n o w n  control 
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another the complex stalk and own cars 
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note: same group compared simple stalk w i t h  own  car 
and then complex stalk w i t h  own car 

Figure 15. Mean Ease of Operation for Stalk Functions. 
Reported in IS0 ( 1 9 7 5 ) .  



A - Primary visual displays (speedometer, tachometer, oil, 
temperature, fuel, amps, indicator lights). 

B - Lights, windshield clearing controls. 
Radio and enviroriental controls/display, ignition, ash tray, 
cigarette lighter, choke, hand throttle. 
Exterior mirror adjust, 
Window lift and lock control(s) . 
Door opening control. 
Parking brake release. 
Parking brake. 
Dirmer switch. 
Clutch. 
Service brake. 
Accelerator pedal. 
Gear shift lever (AUTO and/or manual), 
Hood re1 eas e . 
Turn signal lever. 
Gear shift position display   auto ma ti^)^ 

Figure 16. Man Factors Panel . 
Source: Woodson, Conover, M i  11 er, a n d  Sel by f i969) . 



However, as the controls in the subjects' own cars were not described 
and the subjects may have been influenced accordingly, this  imp1 ica- 
tion may be incorrect. 

Using subject preferences for control designs i n  the absence of 
performance data is  very risky. I t  i s  well known from research on 
visual displays that subjects tend t o  prefer whatever design they were 

l a s t  exposed t o  in a t e s t  ser ies .  For these and other reasons, pre- 
rerences can be misleading (see McCormick, 1970; Murrel 1 , 1969). 

I t  i s  d i f f icu l t  t o  draw conclusions from the published preference 
studies. The scanty evidence available indicates that drivers prefer 
the head-1 ight beam-swi tchi ng function t o  be s ta l  k-mounted. That 
evidence i s  unrel iable. 

Human Factors Analyses 

Several scient is ts  have examined the extent to which various 
control designs are in accordance with human factors principles . 
Woodson, Conover, Miller, and Selby (1969) critiqued existing control 
designs addressing such issues as the compatibility of controls with 
population stereotypes, the legibi l i ty  of le t ter ing,  e tc .  See also 

Conover, Woodson, Sel by, and Miller (1969) .  Also presented was a 
partial draft  standard for instrument panel design, a recommended 
panel (the "Man Factors panel" - Figure 16) a n d  design details for 
the individual controls and displays. Among those details were 
recommendations for the label ing, sizing, a n d  spacing of  controls. 
For each control a n d  display, a tradeoff rationale i s  presented. For 

the most part ,  the discussion of tradeoffs is  very general. 

While the primary emphasis of the Woodson e t  a1 . (1969) study was 
on instrument panel controls, this  report should be examined by those 
interested in m u 1  t i  function controls. I t  clearly and directly 

addresses many questions concerning control design. 

Malone, Krumm, Shenk, a n d  Kas (1972)  performed a detailed human 

factors analysis of instrument panel designs for cars,  trucks, a n d  

buses. (See also Kao, Malone, and Krumm, 1972.)  Only the automobile 



work will be discussed. Unfortunately, the steps described in their  
main report and their  Appendix B do not match, and therefore, recon- 

struction of their  analysis process i s  d i f f icu l t .  Furthermore, they 
d i d  not provide a single concise statement (page or paragraph) group- 
ing a1 l of the Snformation together for each control . I t  i s  therefore 
d i f f icu l t  to determine what the decision cr i te r ia  were for each control, 

In developing a suggested instrument panel they stated the 
fol 1 owing were considered . 

1) Current convention - Informati on regarding where controls 
and displays were then located was assembled. That infor- 
mation included Federal Motor Vehicle Safety Standard 101, 
Society of Automotive Engi neers recomnendat ions, commonal i t y  

considerations with trucks and buses , the abi 1 i t y  t o  aecom- 
msdate options, and the right-hand rule. " (The right-hand 
pule, a conventton which they suggested, s ta tes  that con- 
t rols  operated whtle the vehicle i s  in motion should be 
located t o  the right of the steering column.) 

2 )  Operability - Information was assembled regarding the k i n d  

of errors that can be made 4 n  using each control and dis- 
play, the workload of each i tem, and interference. 

3 )  Cri t ical i ty  - The relationship between each item and i t s  
impact on safety was examined. All controls and  displays 
were assigned t o  the c r i t i ca l i ty  levels shown in Table 22 .  

Table 22. Crit ical i ty  Scale of Malone e t  a7. (1972) .  

Safety-Re1 ated Other Major 
Level Equipment Class Safety Impact Probl ems Impact 

1 standard major h i g h  error rate , - - 
error i s  c r i t ica l  

2 standard or moderate high error rate - - 
option 

1 

f 
minimal 

- - 
driver performance 

5 1 I 1 vehi c1 e performance 
comfort 

i conveni ence 



By combining the previous c r i t i ca l i ty  data w i t h  their  frequency- 
of-use estimates, an overall priority was assigned t o  each control and 
display. Shown in Table 23 are the pr ior i t ies  and associated c r i t e r i a .  
The resulting pr ior i t ies  for each control, i t s  location, and the result-  
ing panel design are shown in Tables 24 and 25 and in Figures 17 and 18, 

respectively. Because of i t s  corporate origin,  this  design has been 
referred t o  as the "Essexu panel. 

Table 23 .  Priorit ies of Malone e t  a l .  (1972). 

Priority 
Rating Criteria 

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

c r i t i ca l i ty  rating of 1,  2 ,  or 3 (safety) 

c r i t i ca l i ty  rating of 1 ,  2 ,  or 3 (safety) 
c r i t i ca l i ty  rating of 1,  2, or 3 (safety) 
c r i t ica l  i ty = 4 (driver performance) 
c r i t i ca l i ty  = 5 (vehicle performance) 
cri t i  cal i t y  = 6 (convenience) 
c r i t i ca l i ty  = 4 ,  5, 6 

location already 
standardi zed 
incidence > 10% 
incidence - < 10% 

incidence > 10% 
incidence > 10% 
incidence > 10% 
incidence < 10% - 

Mortimer and Post (1973) also reportsd a human factors analysis of 

13 different beam switching systems. Concepts contained in the 

"Reference Criteria List" (Woodson, Conover, Mil l e r ,  and Sel by, 1972)  and  

the "Concept Eva1 uation Criteria" (Malone e t  a1 . , 1972) (See Appendix 

B )  were presented t o  five members of the Highway Safety Research Insti-  
tute Human Factors Group. Raters identified each concept as essential , 
primary, secondary, not design-related, or "none of these. " Later, 

weights of 5, 3 ,  1, and  0 were assigned t o  these terms. Of the 
in i t i a l  concepts, four were deleted from the final l i s t .  

The total ratings (summed across the evaluators) for each con- 
cept were computed. Based on those totals  each concept was assigned 



Table 24 .  Selected Pr io r i t i es  and Commonality Reported by Maglone 
e t  a l .  (1972) .  

Code Conventi on 

Control Pr ior i ty  PI ace Arrangement ,Shape Method of Operation 

Horn 2 

Gear Sh i f t  1 

Turn Signal 2 

Cruise 4 

Wheel T i 1  t 2 

Head1 ights 2 

Panel Light 4 

Parking Light 2 

Hi/Lo Beam 2 

Hazard 

W i per 

Washer 

2 places 

X 



. . . - 
Table 25. Control Arrangement Suggested by Essex, 

Grouped Arrangement 
Control Location With Within Zone 

Horn Steering column - - Center hub 

Gear Shift Right side column -- - - 
Turn Signal  Left side of  column Cruise - - 
Head1 i g h t  For upper 1 e f t  of Panel , Separated 

panel parking 

Parking 1 ight For upper l e f t  or Headlight [I 

pane? 
- 

Hi/lo Beam Left side on floor 

Hazard For upper right o f  
panel 

Separated 

Iv'i per Upper right o f  Washer Central , 
pane? Separated 

Mas her I I Wiper Within wiper 

Pane? Light Upper l e f t  of Head1 i g h t  Separated 
panel 

Cruise L e f t  side of Turn signal 
col  umn 

Rational 

Convention, priority 

Convention priority 

Convention, priority 

Convention, priority 

Convention, priority 

Convention, priority 

FWSS 101, Visibility 

Right hand rule, 
Separate from Headl i g h t  
Priority 

Right hand rule, 
priority 

Convention 
right hand rule 
priority 

Convention - SAE 



WIFERWASHER . . .  WZS3 
R E A R  a,, 3 

Figure 17. Drawing o f  Essex Car Panel. 



a weight (4 = essent ial ,  3 = primary, 2 = secondary, I = t e r t i a ry ) .  
The five Human Factors experts then examined each design and assigned 
a rating for each concept (+ = ok, - = not ok, N / A  = not applicable). 
Based on the weighted ratings a score (0  = worst, 100 = best) was 
computed for each design. (See Mortimer and Post, 1973, for the cal- 
cul a t i  on details . ) 

I n  those analyses the cr i t ical  difference was not whether some of 
the controls were stalk- or column-mounted, b u t  rather whether they 
permitted beam switching t o  occur in a single motion. The descriptions 
and ratings of each control design appear in Table 26. 

This report i s  noteworthy because i t  i s  one of the few attempts 
t o  rigorously quantify the factors that are important in using con- 
t rols .  I t s  main faul t  i s  the absence of any performance measure - 
against which the weights of the various factors can be compared. I n  

spi te  of this drawback, their  method deserves further attention. 

Woodson and Selby (1975) examined the merits of using various 
f i  xed-seat, adjustable-controls instrument pane1 s as a1 ternatives t o  
current fixed-panel adjustabl e-seat designs . Contained in that study 
i s  a human factors analysis of several versions of the l 'at ter design. 
Using a weighting scheme, the advantages and disadvantages of  
these versions are considered a t  the most general level , i . e . ,  with 
regard t o  crashworthiness, construction costs,  sty1 ing flexi bi1 i t y  , 
and  general controls operabil i t y  issues. While considerable informa- 
t i o n  is  presented (e.g. ,  anthropometric data) the location of controls 
a n d  displays is  not specified. 

One of the few quantitative human factors analyses of control 
1 ocation was performed by the International Standards Organization 
( 1 9 7 5 ) .  A total error score for several configurations was computed. 
These scores were obtained by mu1 tiplying the j o i n t  frequency of use 
for each control pair (the product of  the marginal frequencies, see 
Table 27 ) by the conditional confusion 1 ikel i hoods (subjective, con- 
figuration-specific estimates on a 1 t o  10 scale, see Table 2 8 )  a n d  
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Pahle 28, Confusion Like1 ihood for Two Configurations of Controls. 

C 
5 L .  

, 1 1  
I W .  

' 0  , , t a 
i 2 

Proposal A 

1 1 1 1 . 1 1 1 1  

Turn I L  I 1101 1101 I 1 2 1  1 1 1  

D i p  I L  1 4 / 4 1  1 I 1 
Horn I L  1 4 1 4 1  1101 110 

2 1  i l , ,  
2 1 2 1 1  

Total Relative Error Number a 1865 .i 

= , , "* 

Wipe 

Wash 
Emer. Brake . 

Total Relative Errer Number a 4344.5 

Note: L = control located on the steering column to the lef t  
of the reference piane, 

L(P) = control located on the instrument panel to the le f t  
of the reference plane. 

L 
L 

R/L 

R control located on the steering column to the r i g h t  
of the reierence plane. 

1. These subjective estimates do not represent "official " 
estimates (neither of the author nor IS01 b u t  rather 
values generated for discussion only. 
Source: ISO, 1975. 

2 

2 

1 ] 

2 

2 

, 

10 

1 I 



then summing those values across a1 1  poss ib l e  p a i r s  o f  c o n t r o l s .  

Because the  confusion 1  i k e l  i hoods a re  op in ions ,  o f t e n  ob ta ined  from 

o n l y  one o r  a  few i n d i v i d u a l s ,  the  t o t a l  e r r o r  scores a re  o f t e n  

inaccura te .  Employing o b j e c t i v e  confus ion 1  i ke l  i hoods would improve 

accuracy. 

Probably the  c l e a r e s t  human f a c t o r s  ana l ys i s  o f  c o n t r o l  design i s  

conta ined i n  Black,  Woodson, and Sel by (1977). Con t ro ls  were assigned 

i n t o  t h ree  p r i o r i t i e s  based on t h e i r  frequency o f  use, requirements 

f o r  v iewing t h e  c o n t r o l s ,  and a  c r i t i c a l  i n c i d e n t  ana l ys i s .  I n  t h i s  

ana l ys i s ,  hazards whose e l i m i n a t i o n  r equ i r ed  t h e  opera t ion  o f  a  con- 

t r o l  were descr ibed a long  w i t h  t h e  outcomes. A lso considered were 

d i f f i c u l t i e s  i n  coord ina ted  ope ra t i on  o f  each c o n t r o l  w i t h  o t h e r  con- 

t r o l s  and d i sp l ays .  For each c o n t r o l  a  s i n g l e  summary page i s  prov ided.  

Inc luded  i n  t h a t  summary a re  research r e s u l t s ,  expectancy f o r  l o c a t i o n  

and du ra t i on  o f  operat ion,  and a  s u b j e c t i v e  es t imate  of t h e  frequency 

of use. That es t imate  was ob ta ined  by mu1 t i p l y i n g  the  i n s t a l l a t i o n  

p r o b a b i l i t y  (1 = a l l  ca rs ,  2 = many, 3 = some) by the  frequency o f  use 

if i n s t a l l e d  (1 = f r equen t l y ,  2 = occas iona l l y ,  3 = r a r e l y ) .  Whi le 

t h i s  computation has i t s  shortcomings, the manner i n  which t he  

suggested l o c a t i o n s  and methods o f  opera t ion  emerge from the  evidence 

i s  s t r a i gh t f o rwa rd .  The conc lus ions and o the r  evidence i n  Black e t  a1 . 
were merged and presented i n  t h e  form o f  a  suggested f u tu re  d r a f t  f o r  

Federal Motor Veh ic le  Sa fe ty  Standard 101. (See F igure  18.) The i r  

proposal was ext remely  d e t a i l e d  and inc ludes  a l l  s o r t s  o f  human 

engineer ing m inu t i e  (knob s izes  and t he  l i k e ) .  I t s  s t y l e  (do t h i s ,  

don ' t do t h i s )  was s i m i l a r  t o  t h a t  of Woodson and Conover (1964).  

With regard  t o  c o n t r o l s  t h a t  m igh t  be stalk-mounted, Black e t  

a l ,  concluded: 

"1. Headl ights  OnIOff: F i n g e r t i p  reach f o r  t h i s  c o n t r o l  i s  no t  

r equ i r ed .  D r i ve r s  expect i t  t o  be l oca ted  t o  the l e f t  of 

the  ins t rument  panel and p u l l  on t o  operate.  Therefore a  

c o n t r o l  o f  t h i s  type ( o r  a  r o t a r y  v a r i a n t )  i s  recommended. 
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Auto Speed-Set 
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Figure 18. Proposed Controls  Location Standard o f  Black,  Woodson and Se lby  ( 1 9 7 7 ) .  



2 .  High-Low Beam and Optical Warning: Drivers perform equally 
well i f  the control i s  push away or pull towards for either 
purpose. They suggest the positions should be high beam - 
push forward, low beam - mid position, flash-to-pass pull 
towards (spring 1 oaded t o  return t o  1 ow beams) . 

3. Gear Selector: To f ac i l i t a t e  restarting in an emergency, 
a fingertip reach location (r ight  s t a lk )  i s  suggested. 
Driver expectancies and the Federal Motor Vehicle Safety 
Standard support such a choice. 

4.  Cruise: Locate the cruise ei ther  a t  the end of the right 
stalk (because i t  i s  associated with vehicle control) or on 
the right side of the panel. There i s  l i t t l e  research evi- 
dence t o  favor one location over another. 

5 .  Acoustic Horn : Expectancy dictates the horn should be mounted 
on the steering wheel spokes or h u b .  Research has shown 
s tal  k-mounted horns t o  be error prone. 

6 .  Wiper: Both Mourant e t  a1 . (1977) and Anacapa Sciences 
(1976) found problems with 1 eft-s ide vs . right-side loca- 
tions. The left-side location i s  expected, while research 
supports fingertip location. A panel -mounted rotary switch 
is  suggested . 

7. Washer: Again a left-side location i s  expected. A  ane el- . - 

mounted push b u t t o n  i s  ,recommended. " 

A1 so reported within the human factors 1 i terature are approaches 
similar t o  that of IS0 (1975) that were developed to ~ r e d i c t  human errors 

in the fabrication and delivery of  nuclear weapons. A somewhat his tor i -  
cal introduction t o  the problem i s  contained in Swain (1978). Meister 
(1971) describes 19 models of potential application t o  the problem o f  

control design. ( A  briefer overview i s  given i n  Meister, 1966.)  Shown 
in Table 29 (reproduced from Meister, 1971)  are analytic models of oper- 
ab i l i ty  which are described in the following section. The simulation 

models i r e  described l a t e r  in conjunction with the response time index. 



Table 2 9 .  Human Reliability Models l is ted in Meister (1971).  

A ,  Operabi 1 i ty Prediction Model s 

I .  Analytic Methods 

a .  American Insti tute for Research (AIR) da t a  store 

b .  THERP-Technique for Human Error Rate Predi ction 

c. TEPPS - Technique for Establishing Personnel 

Performance Standards 

d .  Pi ckrel /McDonald 

e. Berry/Wul ff  

f. Throughput ratio 

g .  As kren/Regul inski model 

h . DEI-Display Eval uation Index (Sliegel model ) 

i . Personnel Performance Metrix 

j . Critical Human Performance and  Eval uati ve Program 
( C H P A E )  

2 .  Simulation Methods 

a .  Digital Simulation Model 

b .  TACDEN 

c . Bos 1 ean Predictive Technique 

d .  Human Operator's Simulation (HOS) 
e .  ORACCE - Operations Research and  Critial Link Evaluator 

f .  Personnel Subsystem Effectiveness Model 

8.  Maintainability Prediction Models 

I. ERUPT - Elementary Re1 iabi 1 i ty Unit Parameter Technique 

2 .  Personnel re1 i abi 1 i ty index 

3. MIL-HDBK,472 Prediction Methods 



The AIR (American Insti tutes of Research) Data Store (Meister, 
1965; Payne & Altman, 1962) i s  a compilation of performance data from 
164 psychological studies l i s t ing  response times and error rates as a 

function of control and display design. The base provides considerable 
information about the operation of simple controls (toggle switches, 

rotary switches) and displays . Person/equi pment re1 iabi 1 i ty i s  com- 
puted by mu1 tiplying the probabi 1 i t i e s  for each task characteristic 
together. For reference purposes, a sample table drawn from the A I R  

Data Store i s  presented (Table 30) .  Unfortunately, not much ef for t  
has gone into updating that data base. In many areas i t  i s  deficient. 
No data are provided for discrete mu1 t id i  rectional 1 evers (or combined 
levers) .  Because the information was collected for single-task per- 
formance, i t  i s  uncertain how relevant that data base i s  to a time- 
sharing act ivi ty  such as driving. I n  addition t o  flaws of the 
supporting data, this  approach (and several others) assumes that a 
simple mu1 tip1 icative model i s  adequate. Interactions are absent. I t  
i s  n o t  known how valid that assumption i s  (Swain, 1968). 

THERP (Technique for Human Error Rate Prediction) i s  an exten- 
sion of the AIR Data Store. I t  d i ffers  primarily in permitting b o t h  

continuous and discrete behaviors and a1 lowing for bo th  independent 
and dependent operator ac t iv i t ies .  

TEPPS (Technique for Establ ishing Personnel Performance Standards) 
differs from THERP in that i t  deals only with discrete tasks and rel ies  
entirely on expert judgments of  task performance re1 iabil i ty.  The 
weakness of TEPPS i s  that inter-judge re l iab i l i ty  i s  low. This also 
casts doubt on the merits of the IS0 (1975) approach. 

Other models are l is ted in Table 29 for the sake of completeness 
and are of secondary importance for control design. (For example, DEI 
i s  concerned only with displays.) For further information on these 
and other models see Blanchard, Mitchell, and Smith, 1966; Meister, 
1971; Rigby, 1967; a n d  Swain, 1963. 





These models , especially AIR, THERP, and TEPPS , provide insight 
into the problems of mu1 t i  function control design and evaluation. 
They address many issues (e.g. ,  the need for abjective error estimates, 
the frequency, nature, and independence of mu1 tip1 e errors ,  etc.  ) yet 
t o  be resolved in the automotive human factors l i te ra ture .  

Summary 

Human Factors analyses of automobile control design vary from 
general discussions of various configurations (e.  g . , Woodson, Conover, 
Mi 1 l e r ,  and Sel by (1969)) t o  structured evaluations (e .g., Mortimer 
and Post (1973), IS0 (1975)). Except for the l a t t e r  two studies,  
unifunctional panel -mounted controls have been favored. Most of the 
studies performed so far  have col lected expectancies, problem reports, 
and performance 'data for American drivers . As Americans have more 
experience with panel controls than mu1 t i  function-stal k controls , 
these conclusions are not surprising. 

Most noteworthy of these effor ts  i s  that of IS0 (1975). I f  
that analysis could be based on entirely objective error estimates, 
i t ,  along with the Mortimer and Post approach, could very we1 1 point 
t o  the "best" design. Research has shown that where evaluations were 
1 oosely structured (check1 i s  t-based) , the correlations between those 
human factors evaluations and system performance were 1 ow (Mei s te r  
and  Farr, 1 9 6 6 ) .  

Concl usions Regarding the Literature 

To recap, the 1 i terature makes several points: 

1) There have been several previous l i te ra ture  reviews of  auto- 
motive human factors research; none has been very c r i t i c a l .  
Research concerning control design i s  briefly described in 
those reviews. As they are short on de ta i l ,  they are of 
secondary importance. 

2 )  Only Perel (1976) has examined the relationship between 
accident reports and control design. He found a number of 



instances in which hand controls were associated wi t h  acci - 
dents, especially the horn. 

3)  There have been 13 major experiments in which control opera- 
tion performance has been examined. They do not suggest a 
simple rule favoring either s ta l  k- or panel -mounted controls . 
Several factors cause this  s t a t e  of a f f a i r s .  Panel -mounted 
controls are expected by American drivers. As long as con- 
trol  s were within five inches (the author's interpretation) 
of their  expected location, performance did not suffer .  
Stalk controls were usually located closer to drivers than 
panel controls. As the time to reach for a control i s  about 
half of the time t o  use i t ,  stalk controls were responded to 
more rapidly once their  location becomes we1 1 known (a f t e r  
pract ice) .  Stalk controls were a t  a further disadvantage 
early in practice because their  small surface area makes 
1 abel ing d i f f i cu l t .  The absence of labeling tripled error 
rates early in practice. Those errors added an average of  
two seconds to the time t o  use a control. 

4)  Except for the Mourant e t  a l .  (1977) and IS0 (1975) 

reports in which alternative designs for a single l e f t  s ta lk 
were compared, the role of the number of stalks and their  
design has n o t  been evaluated. I n  an independent manner, 
the location of the horn control has been considered. Hub or 
spoke locations were found t o  be f a r  superior to s ta l  k-mounting. 

Methodological issues have been resolved for studies of panel - 
mounted controls. Laboratory and on-the-road performance 
were we1 1 correlated. The recommended procedure has been t o  
have the driver timeshare between tracking and operating 
controls on real instrument panels or touch controls shown 
on s l  ides . Dependent variabl es have incl uded measures 

of tracking ski 11 , reaction time, errors ,  and the number of 
direct looks t o  the control . These measures were re1 ated. 



6 )  Most of the surveys of control expectancy have examined 
American drivers . Americans expected panel -mounted controls. 
Europeans had stronger expectancies for s tal  k controls , 
especially the French and Italians for the beam switch and 
the French and British for the horn. 

There have been five major studies of problems and near 
accidents in using controls. A1 1 surveyed American drivers. 
Those studies showed that most problems were with finding and 
operating as opposed t o  reaching for controls. One cannot 
draw any sweeping conclusions about stalk design from them, 
though di fficul t ies  with s ta l  k-mounted horns were often 
reported. While a11 of those studies questioned a t  least  
300 drivers, the number of drivers reporting on each design 
configuration was small (often 10 or l e s s ) .  I n  many cases, 
therefore, conclusions regarding specific designs are tenuous. 
For the purpose of international standardization, more infor- 
mation about foreign drivers i s  needed. 

8)  From the 1 imi ted evidence collected, drivers are reported in 
favor of stalk controls. The author considers that evidence 
unrel iable. 

9 )  A number of individuals have completed general human factors 
analyses of  control design. Factors usually considered were: 

exis t i  ng design stereotypes , driver expectancies, the need 
for a control t o  be operated quickly, the frequency of opera- 
t ion, and the relationships among controls. Those analyses 
have generally favored panel -mounted control s . 

10) Somewhat more quantitative analyses have a1 so been performed. 
Those included ratings based on 1 i s t s  of concepts and error 
counts based on judgments of control confusabil i t y .  

Approaches popular in the nuclear weapons industry show that 
those judgments can be unreliable. Human factors analyses 
should be based on objective error estimates. 



Thus, the  l i t e r a t u r e  does no t  prov ide a sound basis  fop  any 

recommendations concerning s t a l k  con t ro l  design, though i t  does i n d i -  

cate how those quest ions should be researched. 







HARDWARE R E V I E W  (DESIGN STEREOTYPES) 

Previous Hardware Revtews 

I n  developing a  s tandard  f o r  t h e  design o f  c o n t r o l s ,  knowledge of 

how c o n t r o l s  a r e  arranged on e x i s t i n g  veh i c les  i s  va luab le .  To m i n i -  

mize cos ts ,  i t  i s  d e s i r a b l e  t o  avo id  redes ign ing  ins t rument  panels 

where feas ib le .  Woodson, Conover, M i  1  l e r ,  and Sel by (1969) (see a1 so 

Conover, Woodson, Sel by, and M i l l e r  (1969))  sampled, based on sa les  

volume, a l l  1969 model cars  s o l d  i n  t h e  Un i ted  Sta tes  i n  excess o f  

500 u n i  t s / y e a r  ( t h i s  c o n s t r a i n t  was l a t e r  r e l a x e d ) .  Roughly 80% of 

t h e  100 veh i c les  examined were o f  domestic manufacturer  and 20% o f  

f o re ign  manufacturer. With rega rd  t o  c o n t r o l s ,  t h e i r  survey revea led  

a  l a r g e  v a r i a t i o n  w i t h i n  and between manufacturers w i t h  rega rd  t o  t he  

l o c a t i o n ,  i d e n t i f i c a t i o n ,  and a c c e s s i b i l i t y  o f  c o n t r o l s .  For  t h e  

1  i g h t s  (on/of f )  and wiper/washer swi tches,  o n l y  panel -mounted c o n t r o l s  

were found. Deta i  1s rega rd ing  t h e i r  l o c a t i o n  ( tabu1 a r  summaries o r  

d o t  dens i t y  diagrams) a r e  n o t  p rov ided.  Because of i t s  age and t h e  

number of i n t e r i m  design changes, the  hardware rev iew o f  Woodson, 

Conover, M i l l e r ,  and Selby (1969) i s  o f  o n l y  h i s t o r i c a l  i n t e r e s t .  

Malone, Krumm, Shenk, and Kao (1972) surveyed rough ly  90% of a l l  

American 1971 cars and 76% o f  t h e  impor ts  (87% t o t a l )  by model (37 

model ca tego r ies ) .  The l o c a t i o n s  o f  19 c o n t r o l s  and 14 d i sp lays  were 

t a l l  i e d  us ing  a  system o f  49 zones. 

T y p i c a l l y ,  c o n t r o l s  were found i n  an average o f  f i v e  zones. Both 

t h e  w i  per/washer and headl i g h t s  c o n t r o l s  were found i n  many l o c a t i o n s .  

I n  regard  t o  s t a l k  c o n t r o l s ,  o n l y  t he  t u r n  s i g n a l  was such w i t h  any 

cons is tency  (100%).  None o f  t he  veh i c les  had s t a l  k-mounted w iper /  

washer o r  headl i g h t s  c o n t r o l s .  The o n l y  o t h e r  s t a l  k-mounted c o n t r o l  

was the  d i m e r  sw i t ch  (on l e f t  s t a l k  i n  24% o f  a l l  veh i c les  examined- - 
a l l  of f o re ign  o r i g i n ) .  

As p a r t  o f  h i s  1974 study,  Krumm presented design s tereotypes f o r  

a  sample of 392 ( o r  391, t h e  t o t a l  v a r i e s )  f o re ign  ca rs .  Inc luded were 



61 control -stalk combinations distributed among 25 vehicle types. 

There were four stalk configurations present: 1 l e f t ,  1 l e f t  plus 1 

right,  2 l e f t ,  and  2 l e f t  plus 1 right.  Unfortunately, details of the 

designs encountered were no t  presented. The design stereotypes he 

found are presented in Table 31. 

Reported by Anacapa Sci ences (1974) (see a1 so Anacapa Sciences , 
1976) were data on the location of 12  controls (only 10 are shown in 

Anacapa Sciences, 1974) in 77 American and 38 foreign-made 1973 models. 

These data were intended t o  check changes t h a t  occurred since the 

Malone e t  a1 . (1972)  survey of the 1971 model year. Aside from the 
turn signal, stalk locations are reported only for the dimmer. (Of 52 

models examined for this  feature, 44 had footswitches, 6 were on the 

l e f t  s ta lk,  and 2 were elsewhere.) 

Unlike the Malone e t  a1 . report, Anacapa Sciences reports the 

actual location and not  the location within an arbitrary zone. As 

Anacapa Sciences notes, this avoids the problem of "gerrymandering" 

zones t o  f i t  the experimenter's views. Furthermore, the d o t  density 

diagrams are more informative than  the zone probabi 1 i t i e s .  

Anacapa Sciences (1976) notes there were minor differences between 

the Anacapa Sciences (1974) and Malone e t  a l .  (1972)  studies due t o  

the two samples n o t  being matched by model. As the Malone sample is  

more comprehensive, Anacapa Sciences suggests t h a t  sample is  preferred. 

The pictorial presentation in Anacapa Sciences (1974) report makes i t  

more useful. 

Contained in the McGrath (1974) study (see also Anacapa Sciences, 

1974) are control location data for 69 models of European automobiles. 

McGrath reports the original data was supplied by ISO. I t  appears ( b u t  

there i s  no confirmation) that a summary of that data is  in Interna- 

t i  ona l  Standards Organization document ISO/TC22/SC13/WG2 (Secr . - 2 ) 2 .  

(That document i n  turn was circulated as part of  document ISO/TC22/SC 
(WG2-6)218. ) 

While generally found on the l e f t  of the instrument panel in 

American cars ( 92%) ,  the headlight switch was f o u n d  there i n  only 62% 



Table 31. Design Stereotypes Reported by Krumm (1974) .  

Stalk 

Configuration L e f t t l  Left $ 2 riight % 1 # Functions 

one l e f t  (nearest driver) 
( 1 L )  Ourn signal 

turn signal + dimmer 
turn signal + dimner 

n = 278 + optical horn 
- - - - - - - 

one le f t -  turn signal 
one right turn signal + dimmer 
( 1 1 - 1 ~ )  turn signal + dimmer 

toptical horn 
n = 83 

head1 ights on/off 1 
wiper & was her 2 
wiper + wiper mist + 
washer or 3 

headl ights on/off + 
wiper + washer 

two 1 e f t  
(2L )  turn signal dimmer 

dimmer + 
optical horn 

n = 13 headlights + 
dimmer + optical 
horn 

two l e f t -  turn signal dimmer wiper 1 
one right dimmer toptical 

horn wiper + was her 2 
(2L - 1 R )  head1 ights + wiper & wiper mist 3 

dimmer + washer 
optical 

n = 1 7  horn 



o f  European l e f t  hand d r i v e  c a r s .  I n  25% o f  these ca rs ,  t h e  h e a d l i g h t  

s w i t c h  was found on t h e  r i g h t  s i d e  o f  t h e  pane l .  For  r i g h t - h a n d  d r i v e  

cars ,  l e f t  and r i g h t  panel -mounting occu r red  equal l y  o f t e n .  

The w ipe r  and washer swi tches  were u s u a l l y  l o c a t e d  on t h e  l e f t  s i d e  

o f  t h e  i n s t r u m e n t  panel i n  American ca rs .  I n  European l e f t - h a n d  d r i v e  

ca rs  these c o n t r o l s  occur red e q u a l l y  o f t e n  on t h e  panel ( u s u a l l y  l e f t )  

o r  a  s t a l k  ( u s u a l l y  r i g h t ) .  I n  r i g h t - h a n d - d r i v e  cars,  panel-mount ing 

( u s u a l l y  l e f t )  was most commonplace. 

F i n a l l y ,  McGrath (1974) found t h e  hazard s w i t c h  on t h e  i ns t rumen t  

panel ( u s u a l l y  on t h e  r i g h t )  i n  most European ca rs .  American prac-  

t i c e  was t o  mount i t  on t h e  r i g h t  s i d e  o f  t h e  s t e e r i n g  column. 

Shown i n  Table 32 a r e  t h e  number o f  v e h i c l e s  ( 3 1  c a r  makers) 

sampled by Mourant e t  a1 . (1977) w i t h  each s w i t c h i n g  c o n f i g u r a t i o n .  

It shou ld  be no ted  t h a t  Mourant sampled users and n o t  manu- 

fac turers .  There fore ,  some v e h i c l e s  were t a l l  i e d  more than once and 

o t h e r s  n o t  a t  a l l .  The composite f i g u r e s  thus r e p r e s e n t  a  random 

v e h i c l e  t h a t  a user  m igh t  encounter .  S t a l k  c o n f i g u r a t i o n s  encountered 

i n c l u d e d  (11)-222 c a r s ,  (11, 1R)-133 cars ,  (21) -24  ca rs ,  and (2L, 1R)- 

26 ca rs .  

For  w i p e r  sw i t ch ,  t h e  most p r e v a l e n t  s t a l k  l o c a t i o n  was on t h e  

r i g h t  s i d e .  The mot ion  r e q u i r e d  t o  t u r n  on o r  i nc rease  w i p e r  speed 

was s p l i t  r ough ly  even ly  between l i f t i n g  t h e  l e v e r  up or push ing i t  

down. I n  a d d i t i o n ,  l e f t - s t a l k  mount ing was a l s o  found, w i t h  methods 

o f  o p e r a t i o n  i n c l u d i n g  pushing i n  a hand sw i t ch ,  r o t a t i n g  t h e  l e f t  

s t a l k  toward t h e  d r i v e r ,  and o p e r a t i n g  a  sw i t ch  on the  l e f t  s t a l k  face. 

L e f t - s t a l  k  l o c a t i o n s  were ha1 f as 1  i k e l y  as r i g h t - s t a l  k l o c a t i o n s .  

Most o f t e n ,  t h e  washer was opera ted by p u l l i n g  a  r i g h t  s t a l k  

towards t h e  d r i v e r .  Almost e q u a l l y  o f t e n  i t  was opera ted by e i t h e r  

moving t h e  e n t i r e  r i g h t  s t a l k  i n  o r  pushing a  b u t t o n  on i t s  end. 

H e a d l i g h t i n g  c o n t r o l s  were always found on a  l e f t  s t a l k .  Almost 

w i t h o u t  excep t i on  beam f l a s h i n g  ( o p t i c a l  warn ing)  i s  achieved by 

p u l l  i ng t h e  1  eve r  towards t h e  d r i v e r  . Beam changing , however, i n c l  uded 
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a  m i x t u r e  o f  t h a t  c o n f i g u r a t i o n  ( a  p u l l - p u l l  s w i t c h )  and a  3 - p o s i t i o n  

l e v e r  ( t o g g l e - 1  i ke) s w i t c h  ( c e n t e r  = l ow  beam, push away = h i g h  beam, 

p u l l  towards = momentar i l y  s w i t c h  t o  h i g h  and s p r i n g  back t o  c e n t e r  

when re leased )  . 
The a u t h o r  f e e l s  a  b i t  uneasy about  t h e  Mourant e t  a1 . s tudy ,  

because t h e  means by  which v e h i c l e s  were sampled was n o t  s p e c i f i e d .  A 

"random" s t r a t e g y  i s  suspected. I n  a d d i t i o n ,  t h e  model y e a r s  o f  t h e  

v e h i c l e s  sampled i s  n o t  g i ven  beyond t h e  remark t h a t  90% were "pos t -  

1970 models." I t  i s  q u i t e  l i k e l y  t h a t  Mourant e t  a l .  hardware rev iew  

r e f l e c t s  t h e  s t a t e - o f - t h e - a r t  o f  1974 and n o t  1977. 

S i x  p rev ious  s t u d i e s  have r e p o r t e d  o r i g i n a l  des ign  s t e r e o t y p e s .  

Except  f o r  t h e  McGrath (1974) and Mourant e t  a l .  (1977) s t u d i e s ,  

p rev ious  hardware rev iews p r o v i d e  1 i t t l e  guidance, because o f  t h e  

absence o f  mu1 t i f u n c t i o n  c o n t r o l s  . Even then  t h e  rev iews a r e  concerned 

p r i m a r i l y  w i t h  f o r e i g n  v e h i c l e s .  Those s t u d i e s  do, however, convey a  

tendency o f  t h e  beam-swi tching f u n c t i o n  t o  be l o c a t e d  on t h e  l e f t  

s t a l k  ( p u l l  toward  t h e  d r i v e r  t o  ope ra te )  and t h e  w iper lwasher  on a  

r i g h t  s t a l k  (method o f  o p e r a t i o n  i n c o n s i s t e n t ) .  

Design o f  1977-1979 Automobi les 

Shown i n  Appendix D a r e  t h e  r e s u l t s  o f  t h e  hardware survey  per formed 

as p a r t  o f  t h i s  s tudy .  Examined were a11 v e h i c l e s  o f  t h e  1977-1979 

p e r i o d  i c r  which i n f o r m a t i o n  c o u l d  be ob ta ined .  Excluded were r e p r o -  

duc t i ons  of h i s t o r i c  v e h i c l e s  ( S t u t z ,  Bearcat ,  Model T Ford, e t c . )  and 

v e h i c l e s  though t  t o  be n e i t h e r  i n n o v a t i v e  n o r  o f  importance t o  t h e  

w o r l d  market  (e.g.,  Eas t  German Warthog).  Because o f  t h e  t i m e  ava i  1  - 
a b l e  t o  perform t h i s  s tudy ,  t h e  survey  i s  f a r  f rom complete, p a r t i c u -  

l a r l y  f o r  v e h i c l e s  manufactured overseas and n o t  s o l d  i n  t h e  U n i t e d  

S ta tes .  (An e x c e p t i o n  i s  V W ,  which was ex t remely  c o o p e r a t i v e  i n  supp ly -  

i n g  i n f o r m a t i o n  about  t h e i r  non-U . S .  p roduc ts .  ) Nonetheless , t h e  

survey  does p r o v i d e  a  reasonab le  p i c t u r e  o f  t h e  s t a l k  c o n f i g u r a t i o n s  i n  

use d u r i n g  t h i s  p e r i o d .  A summary o f  t h e  survey  f o r  1979 ca rs  w i t h  

s t a l  k-mounted (wiper /washer c o n t r o l s )  i s  shown i n  Tab le  33. 
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This survey i s  n o t  completely re l i ab le .  Most of the information 

was obtained by call ing manufacturers and asking them t o  describe 

t he i r  products over the phone. While some were will ing t o  check 

owner's manuals they had on hand, others checked the i r  memories. 

(Letters t o  them often were unanswered. ) Where possible, owner's 

manuals and/or actual vehicles were examined t o  confirm or correct 

responses. 

Five major s ta lk  configurations were observed. In foreign vehi - 
cles the most popular was the one-left plus one-right s ta lk  configura- 

tion with the beam switching control mounted on the l e f t  and the 

wiperlwasher control on the r igh t .  Shown in Figure 19 i s  an example 

of t h i s  design. (See also Figure 2 0 . )  Among others,  th i s  configura- 

tion was found in Saab, Volvo, Toyota, Datsun (Nissan), Mazda (Toyo- 

Kogyo), Honda, Lotus, and  British Leyland products. 

There was considerable variation among one-1 e f t  pl us one-ri g h t  stail k 

designs. While the tendency has been to  mount beam-swi tching controls 

on the l e f t  and the wiperlwasher control on the r i gh t ,  there are 

numerous exceptions, For example, i n  the Toyota Corona the head1 i ghts 

onloff control were on the right s t a lk .  Likewise in the Mazda, the 

r ight  s ta lk  operated the headlights, the l e f t  s talk controlled both 

beam switching and the wi perlwasher . Control operation was i nconsi s -  

tent  even when the beam-switching control was found on the l e f t  s ta lk  

and the wiperlwasher control was found on the r ight .  For example, i n  

the Saab the beam switch was operated by pushing away for low beam and 

pulling towards the driver for  high beam. In the Volvo the switch was 

a pull/pull type. Similar conf l ic t  i s  found i n  the operation of the 

r ight  s ta lk  wiper. For example, in the Renault R12 one l i f t e d  the 

r ight  s ta lk  up  t o  operate the wiper. I n  the R17 the opposite motion 

was used; the lever was pushed down. In the older Datsun (Nissan) 

510's and 810's ,  one twisted the r ight  s ta lk  t o  operate the wiper. 
Thus, even where there was agreement in regard t o  which control oper- 

ated each function, the method of operation across vehicles were often 
opposite. 



Also observed were a number o f  models i n  which a s i n g l e  l e f t  

s t a l k  was f i t t e d ,  (See F igures  2 1  and 22 f o r  examples.) I n  t h i s  case 

bo th  t h e  h e a d l i g h t  beam s w i t c h  and wiper lwasher c o n t r o l s  were a1 1 on 

the  same s t a l k .  Veh ic les  hav ing  t h i s  design i n c l u d e d  some Datsun 

(Nissan) products,  Suburu, and most n o t a b l y  Diamler-Bent (Mercedes). 

Th i s  design i s  o f ten  r e f e r r e d  t o  as the  Mercedes des ign .  

The t w o - l e f t  p l u s  one - r i gh t  s t a l k  des ign  i s  used by F i a t  and has 

appeared i n  Peugeot v e h i c l e s  o f  t he  pas t .  (See F igu re  2 3  f o r  an i l l u s -  

t r a t i o n , )  Peugeot i s  phasing o u t  t h i s  design.  

A lso  observed was a o n e - l e f t  p l u s  t w o - r i g h t  s t a l k  design,  found 

o n l y  on t h e  Ford F i e s t a  ( F i g u r e  24 ) .  

Veh ic les  hav ing  two l e f t  s t a l k  designs i nc luded  many Ford ( U  .S .A )  

p roducts  (See F igu re  25 f o r  an i l l u s t r a t i o n )  and t h e  Mazda GLC. 

I t  i s  t h e  a u t h o r ' s  view t h a t  American manufacturers, w i t h  t h e  

excep t i on  o f  Ford, a r e  moving towards adopt ing  a mu1 ti d i  r e c t i o n a l  l e f t  

s t a l k  des ign .  P roduc t i on  by t h e  Saginaw S t e e r i n g  D i \ l i s i o n  o f  columns 

bo th  f o r  t h e  pa ren t  f i r m  (GM) and Chrys le r  and AMC, has caused t h i s  

s h i f t .  Whi le Chrys le r  and AMC have m o d i f i e d  t h e  GM design,  they have, 

i n  a sense, adopted i't. 

Th is  change began severa l  years  ago w i t h  t h e  movement o f  t h e  dim- 

mer f rom t h e  f l o o r  t o  t h e  t u r n  s i g n a l  l e v e r .  I n  most cases t h e  dimmer 

i s  a p u l l / p u l l  s w i t c h  and an o p t i c a l  warning c a p a b i l i t y  i s  absent .  

More r e c e n t l y  a wiper lwasher element has been added. ( A t  General Motors 

t h i s  design i s  known as the  Chevette design.  Ch rys le r  c a l l s  i t  a 

"smart  s w i t c h . " )  I n  t h i s  c o n f i g u r a t i o n  t h e  w iper  f u n c t i o n  i s  opera ted 

by t w i s t i n g  t h e  s t a l k  away f rom t h e  d r i v e r ,  and t h e  washer by pushing 

an end b u t t o n  i n  towards t h e  column. A lso  i n  t h i s  c o n f i g u r a t i o n ,  two 

v a r i a t i o n s  of t h e  c r u i s e  c o n t r o l  have been noted:  e i t h e r  combined 

( s e t  sw i t ch  on t h e  end o f  t h e  s t a l k ,  s l i d e  s w i t c h  (resume, on, o f f )  on 

t h e  face of t he  s t a l k )  o r  separated (a second s h o r t  s t a l k  mounted 

behind ( w i t h  respec t  t o  t h e  d r i v e r )  t h e  p r imary  s t a l k .  



The excep t i on  t o  t h i s  p r a c t i c e  i s  t h e  Ford t w o - l e f t - s t a l  k  c o n f i g u r a -  

t i o n s  f o r  which t h e  near s t a l k  opera tes  t h e  t u r n  s i g n a l ,  t h e  dimmer, and 

t h e  horn (push b u t t o n  on t h e  end o f  t h e  l e v e r )  and t h e  f a r  l e f t  s t a l k  

opera tes  t h e  wiper /washer.  The washer i s  ope ra ted  by pug 1  i n g  t h e  s t a l k  

towards t h e  d r i v e r ,  t h e  w i p e r  by pushing t h e  Sever up. 

I n  a d d i t i o n  t o  combined l e v e r s  s u p p l i e d  as o r i g i n a l  equipment a r e  

some t h a t  can be added l a t e r .  Sears, H e a t h k i t ,  J.C. Whitney, and o t h e r s  

s e l l  c r u i s e  c o n t r o l s  designed t o  be mounted p iggyback on o r  r e p l a c e  t h e  

. t u r n  s i g n a l  l e v e r .  (See F i g u r e  26. )  Whi le  n o t  examined i n  d e t a i l ,  t h e  

o n l y  design no ted  was one i n  which t h e  s e t  b u t t o n  i s  on t h e  end o f  t h e  

l e v e r  and a  s l i d e  s w i t c h  was on t h e  face (push towards column - resume, 

on, o f f ) .  

Whi le n o t  t h e  focus of t h i s  r e p o r t ,  seve ra l  unusual a1 t e r n a t i v e  

types of c o n t r o l s  no ted  were on C i  t r o e n  v e h i c l e s ,  I n  t h e  pas t ,  

C i t r o e n  has used s t a l k  designs s i m i l a r  t o  those o f  o t h e r  European 

manufacturers.  One example o f  a  novel  des ign  i s  t h a t  of t h e  C i t r o e n  

C X .  (See F i g u r e  28 f o r  i l l u s t r a t i o n  . )  On t h e  C X  t h e r e  a r e  two 

f i n g e r t i p - r e a c h  pods, one t o  t h e  l e f t  a t  10 o ' c l o c k  and one t o  t h e  

r i g h t  of t h e  s t e e r i n g  column a t  2 o ' c l o c k .  Mounted on these pods a r e  

s l  i d e ,  r o c k e r ,  and push b u t t o n  swi tches  . A second i n t e r e s t i n g  a1 te rna -  

t i v e  a re  t h e  c o n t r o l s  found on t h e  C i t r o e n  V isa  and C i t r o e n  GSA (see 

F igures  29 and 30 f o r  p i c t u r e s ) .  I n  these v e h i c l e s  a  c y l i n d e r  mounted 

on an arm ex tend ing  f rom t h e  i n s t r u m e n t  panel i s  l o c a t e d  w i t h i n  f i n g e r -  

t i p  reach.  T w i s t i n g  t h e  t o p  o f  t h e  c y l i n d e r  opera tes  t h e  w i p e r ,  t w i s t -  

i n g  t h e  bot tom t u r n s  t h e  h e a d l i g h t s  on and o f f .  Beam s w i t c h i n g  i s  

accomplished by push ing  a  t a b  on t h e  bot tom. The t u r n  s i g n a l  i s  a  

s l i d e  r o c k e r  s w i t c h .  The horn  i s  opera ted by squeezing t h e  c y l i n d e r .  

Both t h e  C X  and Visa/GSA des igns ,  w h i l e  unique, may be v i a b l e  a l t e r n a -  

t i v e s  t o  s t a l k  mount ing.  They need t o  be cons idered f u r t h e r .  

Thus, a  number o f  c o n t r o l  designs were uncovered. V i r t u a l l y  

every p o s s i b l e  combinat ion  imag inab le  o f  one t o  t h r e e  s t a l k s ,  opera- 

t i n g  mot ions ( p u l l  o r  push (up o r  down, f o rward  o r  backward, i n  o r  



out) or twist (towards or away from the d r ive r ) )  and functions ( l igh t s  
on/off , beam switching , wiperlwas her, horn, cruise)  was found. Only 
the turn signal was located or operated in a consistent manner, except, 
of course, i n  new Citroen products. 



Turn signals 

F i g u r e  13.  One L e f t  plus One R i g h t  S t a l k  Con f i gu ra t i on  i n  Vo 
Products.  



For signaling turns, move the switch up or 
down in the conventional manner. 

Cornbtna~ion hadlight, dimnnr, 
md turn signal switch 

TO man tho lidats on. t w l a t  th. knob am 
tlte end of (ha switch. 

For high hams. push th. awilch forward. 
Pull back for low hams. 
For headlight flasher, pull further back. 

F igure 20. Left Stalk o f  1979 Corolla ( ( l ~ ,  1 R )  Design) .  
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Turn Signal And Multi-Function Lever 
The turn si& leva lorated on the I& side of the steering column 
a h  controls the h d l i q h r  low b or high kam selection, and 
windshield wiper/warha operation. 

The afcompanying illustration shows the p r o w  movement of the l eva  
to control these lunctions. 

T u r n  Signal The lever is moved upward to the s s o n d  stop to 
signal a right turn and downward to the xcond stop to signd a 
leh rum. Whm the turn is completed, the signd is automatlully 
canceied and the lever returns to horizontal. 

(HEADLIGHTS ON1 

Windshield Wiper Roiate the end of the kver 
counterclockwix to the detent position for low speed wiper 
operation; for high s p a d  wiper, continue rotating end of Imu  to 
the next detent position. 

Windshield Washer - Push in on the end of the lever (tomrd 
the steering column) to operate the windshield washer. The 
washer pump is designed to operate as long as the lever is held 
in; when the leva  is relcrscd, the washer pump is designed to nop. 

Headlight Beam Selector - With the headlamps already on 
(controlled by light switch shown on p a p  2-16), pulling the h e r  
towarb the driver until a "click" is heard, then releasing it, will 
switch the lights from high-beam to low-beam or from low- k n  
to high-beam. When the high-beam is on, an indicator light will 
appear on the instrument panel. 

The ignition switch must k in the "on" position in order for the un 
signals to be operational. Thh feature prevents battery draining ifthe 
lever is left in an "on" position when your car is not LII w. 

Lane Change Signa l  - In some turns, such u changng ha 
on an expressway, the steering w h a l  is not turned far enough to 
automatically cancel the tun signai. For convenience. the driver 
can flash the turn signals by moving the lever pan way (to he 
first stop) and holding ~t there. The lever returns to the horiroc*d 
position when the dnver reieascs his hold. 

A grm light on the instrument cluster flasha to indicate propcr 
operation oi  the front and rear turn signal lamps. If the indicator h p  
remains on and docs not flash, check for a defective lamp bulb. If &e 
indicator fails to light when the lever is moved. check the fuw and 
indicator bulb. 

Figure 2 2 .  1978-1979 Chevrol e t  Chevette 
( s ing le  l e f t  s t a l k )  . 



Beam Change = Forward Levcr Windshield Wiper 

I = Low a = O f f  

I1  = High b = Low 

Turn S igna l  = Rear Lever c = High 

R = R i g h t  Windsh ie ld  Washer 

L = L e f t  P u l l  Towards D r i v e r  

F igu re  283. F i a t :  One R i g h t  Plus Two L e f t  S t a l k  Design. 









Figure 2 7 .  Ci troen C X  Controls. 
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1979 CITROEN GSA 1979 CITROEN GSA 

Figure 28. Ci troen GSA Controls. 
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Figure 29,. Ci t roen  V i s a  Controls. 







STANDARDS FOR CONTROLS 

The f o l l o w i n g  s e c t i o n  descr ibes t h e  e f f o r t s  o f  t h e  U.S. government, 

p r o f e s s i o n a l  s o c i e t i e s ,  i n t e r n a t i o n a l  economi c  cooperat ives,  and most 

i m p o r t a n t l y ,  standards o r g a n i z a t i o n s  d i r e c t e d  towards s t a n d a r d i z i n g  t h e  

l o c a t i o n  and method o f  o p e r a t i o n  o f  automobi le  c o n t r o l s .  Readers 

unfami 1  i a r  w i t h  the  general  scope and s t r u c t u r e  o f  o r g a n i z a t i o n s  i n v o l  ved 

i n  s t a n d a r d i z a t i o n  should  rev iew Appendix E b e f o r e  read ing  t h e  remainder 

o f  t h i s  s e c t i o n .  

I n t e r n a t i o n a l  

IS0 

I n t e r n a t i o n a l  Standards Organ iza t ion  Technica l  Commi t t e e  22, 

Subcornmi t t e e  13 ( I S 0  TC22/SC13) ; "Ergonomics o f  Road Vehic les  ," has 

worked towards i n t e r n a t i o n a l  harmonizat ion i n  t h e  design o f  c o n t r o l s  

and d i s p l a y s  s i n c e  t h e  1  a t e  1960 's .  P a r t i c u l a r l y  impor tan t  are  t h e  

a c t i v i t i e s  o f  Working Group 3  (WG3) ; "Con t ro ls  and D isp lays  Loca t ion  ," 
one o f  t h e  s i x  groups r e p o r t i n g  t o  SC13. 

WG3 and SC13 have generated numerous documents on c o n t r o l s  

1  o c a t i o n  , some o f  which have been d iscussed p r e v i o u s l y .  

R e s u l t i n g  f rom t h e  e f f o r t s  o f  WG3 and SC13 has been t h e  

development o f  IS0  Standard 4040 - 1977(e),  "Road Vehic les  - Passenger 

Cars - Loca t ion  o f  Hand Con t ro l s ,  I n d i c a t o r s  and T e l l - t a l e s  ," f i r S t  

i ssued  May 5, 1977 ( I n t e r n a t i o n a l  Standards Organ iza t ion ,  1977b). A 

copy of t h a t  s tandard i s  conta ined i n  Appendix F. The s tandard 

r e q u i r e s  t h e  horn t o  be e i t h e r  i n  t h e  c e n t e r  o f  t h e  s t e e r i n g  wheel o r  

on a  l e f t  s t a l k ,  and t h e  f o l l o w i n g  c o n t r o l s  t o  be l e f t  o f  t h e  s t e e r i n g  

wheel cen te r1  ine :  d r i v i n g  l i g h t s ,  marker 1  i g h t s ,  beam s w i t c h i n g ,  o p t i c a l  

warning,  t u r n  s i g n a l  , and emergency brake ( r i g h t - h a n d  d r i v e  o n l y ) .  

Since t h a t  t ime t h e r e  has been cons jde rab le  d i s c u s s i o n  o f  

r e v i s i n g  IS0  Standard 4040. The l a t e s t  proposa l  ( d i s t r i b u t e d  

as IS0  document SC13(WG3-85)283 - ( I n t e r n a t i o n a l  Standards Organ iza t ion  , 
1978) ) r e f 1  e c t s  t h e  d i s c u s s i o n  generated a t  t h e  1978 Technica l  Committee 

22, Subcommittee 13 meet ing.  The proposed r e v i s i o n s  extend t h e  scope 

of  t h e  s tandard cons ide rab ly  bo th  i n  terms o f  d i s p l a y s  and c o n t r o l s  

l o c a t i o n .  The proposal  ma in ta ins  the  requirements f o r  t h e  l o c a t i o n  of 



the horn, driving 1 ights , marker 1 ights, and emergency brake control s 
(right-hand drive only). Proposed additions include: 

1 .  If  there i s  a stalk t o  the right (other than the gear selec- 

tor) i t  will operate the wiper/washer. I f  there are two, 
the forward stalk will be for the windshield wiper/wasker. 
The wfper/wasker control will not be mounted on the right 
side of the instrument panel. 

2 .  The headlight beam switching, optical warning, and  turn 
signal controls wi 11 be located on the l e f t  side of the 
instrument panel close t o  the steering wheel. 

3. The wiper and washer must be operated by the same control. 

So, also,  must the optical warning and beam switching functions 
4. Ruled o u t  are combinations sf the master lighting switch with 

ei ther a control used t o  operate the wiper/washer or one i n  

combination with the turn signal. 
5. Some restrictions .of the directions in which controls move 

are offered. (See Figure 6 of document 283. ) 

The author believes that the fol lnwin~ points should also bc 
addressed by a revised standard: 

1 .  The standard assumes that a car ' s  direction will be controlled 
by a steering wheel and secondary controls will be located 
with respect t o  the steering wheel. Other types of primary 
driving controls (;e.g., a joystick) should also be considered 
(Tejmar, 1972). Such controls are often provided for handj- 
capped drivers (Anger and Wayne, 1978) and may be provided 
in future mass-produced vehicles because they a1 l ow more 
space for an airbag. Specifications are needed for secondary 
control location where the steering wheel is  absent. 

2 .  The standard assumes that the driver is seated (and  positioned) 
directly behind the steering wheel. There are some cases 
where the vertical centerline of the steering wheel and  the 
vertical center1 ine of the driver 's  seat are n o t  aligned. 
Adjustments t o  the control location restrictions are needed 
in such instances. 



3. The locations permitted fo r  currently standardized controls 
should be more specif ic.  As noted in the Anacapa Sciences 
(1976) report ,  even i f  the side of the instrument panel i s  
speci f ied ,  location time i s  markedly affected by the expec- 
ta t ion fo r  control design (panel- o r  s t a l  k-mounted). 

4. To avoid inadvertant operation, the location of many controls 
sometimes placed close t o  the steering wheel should be 
specified (e.  g . , crui se control , back1 i t e  wiper/was her, e tc .  ) . 
As the problem surveys (e. g., Burger e t  a1 . ( 1  977) 
demonstrate , drivers have di f f i  cul t y  w i t h  these control s . 

5. Additional de ta i l s  regarding the s ize  and direction of 
operation should be included. Only very general 1 imits are 
offered fo r  direction of operation. For example, the stand- 
ard permits a r ight  turn t o  be indicated by pushing a l e f t  
s t a lk  down. In l i gh t  of the Burger e t  a1 . study (many 
problems in operating controls)  , direction of operatton 
should be 1 imi ted for a l l  controls. 

6. The defini t ion of "f ingert ip reach" from the steering wheel 
should be based on research not judgment. 

In addition t o  the work of TC 22/SC 13, the work of other IS0 
Committees needs t o  be mentioned. Technical Comi t t e e  23 (TC2.3) i s  
concerned w i t h  t rac tors  and machinery for agriculture and forestry.  
While a document l i s t  f o r  TC 23/SC 14 (Controls) i s  not available 
a t  th is  time, a copy of t h e i r  d ra f t  standard fo r  controls has been 
obtained (document TC 23/SC 14  N49 DIS 3789/I/II /III  - Tractors and 
Machinery fo r  Agri cul ture and Forestry, Powered Lawn and Garden Equ ip -  

ment - Operator's Controls - Location and Method of Operation). That 
document does not deal w i t h  mu1 ti function controls. 

Several other Technical Commi t t ees  are concerned with vehicles, 
including TC 20 (Aircraf t  and Space Vehicles ) ,  TC 96 (Cranes, Lifting 
Appliances and Re1 ated Excavator Equipment), TC 110 ( Indust r ia l  Trucks), 

and TC 127  (Earthmoving Machinery). Because of  t ine  constraints ,  
they were n o t  contacted. 



Finally worthy of note i s  the work of TC 159/SC 4 (Ergonomics - 
Signals and Contools). Unfortunately this Committee has n o t  been 
very busy nor we1 1-supported. For several years there1 have been attempts 

to find an American professional society willing t o  serve as the 
Secretariat for  TC 159/SC 4. A t  one time the Society of Automotive 
Engineen served as such. At thes'r October annual meeting, the 
Human Factors Society indicated a willingness t o  provfde support f ~ r  

the Secretari a t .  

I t  i s  the author's understanding that TC 159/SC 4 has been working on 
a general guidance for control design (Juptner, 1979) .  The guidance 

document i s  reportedly an extension o f  a proposed standard (IS0 
Standard 1503, "Geometri c Orientation and Di recti on of Mouernents ," 
an enclosure in International Standards Organization ( 1  9 7 7 9 ) .  ) I t  

should be examined closely because the preferred di recti on-of-operati on 
' forsome automobile stalks may differ  from thegeneral rules. 

- . . . . 

ECE (Economic Commi ssion for  Europe) 
While WP29 was the most active in the early seventies, the 

efforts of this Geneva-based UN group have taken a backseat t o  those 
of IS0 TC 22 (Cutting and Teesdale, 1974; Pocci, 1975).  Current 
information regarding ECE act ivi t ies  i s  diff icul t  t o  obtain. At one 
time (1974) Geneva issued a Draft Regulation concerning the "Arrange- 
ment of Hand Controls" ( E C E  Draft GRSG/R16). The current s ta te  o f  
that document i s  unknown (Cutting, 1978; Cutting and  Teesdale, 1974). 

E E C  (European Economi c Communi t y  ) 
For the most part ,  the Brussels group ( E E C  or Common Market) has 

tended t o  a d o p t  Geneva ( E C E )  Regulations as their  own Directives. EEC 

also has tended t o  defer t o  IS0 for Regulations regarding controls and  

displays (Cutting and Teesdale, 1974; Pol 1 ard, 1976; Schlosser, 1972) .  

ANSI (American National Standards Ins t i  tute) 
Unlike other areas, there i s  n o t  an active ANSI Committee working 

on automobile controls and displays. I n  this instance, information i s  
passed on directly from the appropri ate professional organi zation, the 
Society of Automotive Engineers, t o  ISO. 



, 

Society of Automoti ve Engineers (SAE) 

Responsibil i ty for mu1 t i  function controls within the Society of 
Automotive Engineers (SAE) rests with the Mu1 t i  function Control Task 
Force. That group reports to the Controls and Displays Subcommittee 
that in turn reports t o  the Human Factors Engineering Subcomrni t tee .  

Resulting from SAE effor ts  are a Recommended Practice (SAE 51138, 
Design Criteria - Driver Hand Controls, Location for Passenger Cars, 
Mu1 t i  purpose Passenger Vehicles, and Trucks (10000 GVW and Under) 
(Soc-tety of Automotive Engineers, 1979a)) and an Information Report 

(SAE 51 139, Supplemental Information - Dri ver Hand Control s , Location 
for Passenger Cars, Mu1 t i  purpose Passenger Vehicles , and Trucks 

(10000 GVW and Under) (Society of  Automotive Engineers, 1 9 7 9 b ) ) .  There 
are no SAE Standards for controls location or design that affect  
automobi 1 es . 

The recommendations of SAE 51 138 are slightly more restr ic t ive 
than the current version of IS0 Standard 4040. Specifically, SAE 

51138 ca l l s  for a number of controls t o  be within the drivers '  reach 
while wearing a lap and shoulder be1 t ,  within easy view, and  requires 
them t o  be labeled with simple words. With regard t o  location, the 
foll  owing are recommended t o  be l e f t  of the steering wheel : turn signal,  

headl i g h t  dimmer, wiper/washer, headl ights switch, and optical warning. 
The following are t o  be t o  the right:  gear s h i f t ,  ignition, defroster,. 
hazard, climate controls, radio, 1 ighter,  and ashtray. Mu1 t i  function 
controls are not dealt with directly in this  SAE Practice. 

The second item, the SAE Information Report, contains l i t t l e  de ta i l .  
I t s  primary purpose i t  t o  relay some of the results from the Anacapal 
McGrath studies. The S A E  Information Report highlights the importance 

of locating controls so that their  positions agree with driver expectancies. 
Both of these S A E  documents have been included in the Appendix ( G and H 

respectively) . 

Manufacturers and Di s t r i ,  butors 
Neither the FIVMA (Motor Vehicle Manufacturers' Association) 

Human Factors Engineering Subcommi t tee  nor the AIA (Automobi l e  Importers ' 
Association) Safety Committee have, or plan t o  develop, standards for 
controls because of potential ant i - t rust  problems. Both, however, are 
interested in commenting on proposed standards. 



U. S. Government 

DO T  

Para1 l e l  t o  these vo l  u n t a r y  standards a c t i  v i  t i e s  have been 

government r egu la t i ons .  The N a t i o n a l  Highway T r a f f i c  Safety  

Admini s t r a t i o n  of t h e  U. S.  Department of T ranspo r t a t i on  (DOT) has 

developed a  s tandard concerned w i t h  the design o f  c o n t r o l s  and d i  s p l  ays 

f o r  motor  veh ic les .  A copy o f  Federal  Motor Veh ic le  S a f e t y  Standard 

101-80 (FMVSS 701) - Con t ro l s  and D isp lays  (U.S. Department o f  Trans- 

p o r t a t i o n ,  1979) i s  i n  Appendix I. 

FMVSS 101 does n o t  d i  r e c t l y  address mu1 ti f u n c t i  on c o n t r o l  s. 

It r e q u i r e s  o n l y  t h a t  a number o f  hand-operated c o n t r o l s  c u r r e n t l y  

be ing  cons idered f o r  s t a l k  mounting, such as t he  w iper lwasher  and 

headlamp o n / o f f  switches, be w i t h i n  t h e  d r i v e r ' s  reach when t h e  

d r i v e r  i s  r e s t r a i n e d  by  whatever crash p r o t e c t i o n  i s  i n s t a l l e d ,  and 

t h a t  they be 1  abeled. Beyond t h e  o r i g i n a l  r u l e ,  a  n o t i c e  has appeared 

i n  the Federal  Reg i s t e r  i n  r ega rd  t o  p e t i t i o n s  f o r  r e c o n s i d e r a t i o n  o f  

t h e  o r i g i n a l  standard.  None o f  those p e t i  t i o n s  deals  wi  t h  mu1 ti func t i on  

con t ro l s .  A l so  appear ing has been a  c o r r e c t i o n  t o  t h e  s tandard  

(see Appendix I ) .  

Futu re  d i r e c t i o n s  t h a t  DOT w i l l  t ake  have been o u t l i n e d  i n  i t s  

f i v e - y e a r  p l a n  and t h e  appendix t o  t h a t  p l an  (Department o f  Trans- 

p o r t a t i o n ,  1979a ,b) . The b a s i c  p l  an (U. S. Department o f  T ranspor ta t i .on  , 
1979a, p. 34) s t a t e s :  

"Con t ro l s  and D isp lays :  Amend FMVSS 101 t o  s p e c i f y  
l o c a t i o n  and method o f  ope ra t i on  f o r  c e r t a i n  c o n t r o l s  on 
t he  ins t rument  panel and s t e e r i n a  column o f  passenger 
ca rs ,  1  i g h t  t r ucks ,  vans, and mu1 ti purpose passenger 
veh i c l es ,  and t o  s p e c i f y  t he  l o c a t i o n  and v i s i b i l i t y  
o f  c e r t a i n  d i s p l a y s  on t he  i ns t r umen t  pane l .  

NPRM (No t i ce  o f  Proposed Rule Making 1982 
Rule 1983 
E f f e c t i v e  model 1985."  

Fu r t he r  a m p l i f i c a t i o n  i s  g iven  i n  the  appendix t o  t h a t  document. 

I t  (U.S. Department of T ranspo r t a t i on ,  1979b, p.  24-25)  s t a t e s :  



RULEMAKING ACTION 

TITLE: mYSS NO.  101 CONTROLS A N D  Dl SPLAYS 

Standardized Location o f  Controls and Displays on 
DESCRIPTION : the Instrument Panel and Steering Column 

Passenger Cars, Light Trucks, and Mu1 t i  purpose Vehicles 
APPLICABILITY: 

PROBLEM 

The more at tent ive the driver i s  t o  the roadway environment, the greater the 
chances of avoiding a mishap. A driver can devote more time t o  roadway events 
i f  an excessive amunt of  time monitoring the instrument panel or gaining 
access t o  and operating controls i s  n o t  required. Data from tes t s  performed 
in b o t h  cars a n d  trucks indicate t h a t  drivers are about three times fas te r  in 
locating controls a n d  displays in the i r  own vehicles t h a n  in unfamiliar vehicles. 
I n  the same way, standardization would faci 1 i t a t e  f a s t e r  location and opera tion 
of these instruments and thus reduce the amount of the dr iver ' s  time diverted 
from the roadway. 

Safety requirements for  padded instrument panels, the downsizing of vehicles 
and the need for  space t o  ins ta l l  a i r  cushions have contributed t o  the com- 
pet i t ion for usable panel space in the vehicle and th i s  competition will 
increase as panel s ize decreases. One answer t o  t h i s  problem i s  t o  use 
"finger t i p "  or s ta l  k munted controls. There a re  now over 27 different 
configurations available on current models and because they are  not standardized 
as t o  the number a n d  type of controls a n d  modes of operation, safe vehicle 
operation i s  further degraded. 

A P P R O A C H  

This amendment w'll standardize the zone location of c r i t i ca l  controls and 
displays on the instrument panel and specify which controls, in addition t o  the 
turn s ignal ,  may be located on steering column s ta lks .  This commonality will 
improve the d r ive r ' s  abi 1 i t y  t o  find and operate these controls, especially 
when the driver i s  in an unfamiliar vehicle. 

No additional research will be required for specifying the zone locations on  
the instrument panel since previous research by the NHTSA a n d  the work of the 
SAE and IS0 committees i n  th is  area have provided much d a t a  t h a t  can be used 
fo r  these requirements. Because many l ight  trucks and vans are  being purchased 
for  personal use a n d  since many o f  these owners w i l l  be switching back a n d  
for th between them and passenger cars,  NHTSA believes t h a t  there i s  suff ic ient  



reason t o  extend these in i t i a l  requirements t o  include these vehicles. A brief 
review indicates that the instrument panels o f  l ight  trucks a n d  vans are  
essentially the same as passenger cars in regard t o  control a n d  display layouts. 
During the preparation of the N P R M ,  a review of instrument panels on 1 ight 
trucks a n d  vans will be made t o  assure t h a t  no major problems wi3 1 occur as  a 
resul t  of including these vehicles in th is  amendment. D a t a  will also be ob-  
tained from the users t o  determine the proportion a n d  frequency o f  use o f  these 
and other vehicle types. 

The major research e f fo r t  will evaluate possible combinations a n d  modes of 
operation o f  controls mounted on steering column stalks  or on pod extensions 
from the instrument panel. This research will include a n  analysis of whether 
the controls should be on the instrument panel or on a s ta lk  ( p o d ) .  

Another approach that manufacturers are  considering in order t o  maximize the 
u t i l  ira tion of the decreasing area of instrument panels i s  advanced concepts 
using nev technology for  these instruments. I n  order n o t  t o  be design 
res t r ic t ive ,  research will identify the s tate-of- the-ar t  i n  these new areas a n d  
consider their  potential impact on requirments for a control and display 
standard. 

S C H E D U L E  

NPRM 1982 
RULE 1983 
EFFECTIVE Model 1985 

Several authors have proposed revisions of Fcdcral Motor Vehicle 
Safety Standard 101. (See for example, Woodson, Conover, Miller, and 
Selby (1969).  ) The only proposal t h a t  i s  relevant t o  the current 

standard i s  that o f  Black, Woodson, and Sel by (1977). Their proposal 
was based on driver expectancies, reports of problems, the analysis 
of driver perfomnance, and other factors. Draft versions of  their  
proposal were reviewed by a panel of experts. For the sake of brevity 
comments will be confined t o  issues concerning multifunction controls. 

Their proposed requi rements for  mu1 t i  function controls fo l .10~:  



"b. Stal k-Mounted Grouping 
The fol lowing control function combinations are permitted: 
1 ) Left-Hand Stal k 

a)  Turn Signal Selector Function - Lever motion shall be 
parallel to the axis of the steering wheel rim; a clock- 
wise lever movement shall activate the right-turn signal , 
a counter-clockwise lever movement shall activate the 
left-turn signal. The lever shall return t o  neutral as 
a consequence of s teeri ng centering . 

b )  Headlight Hi-Lo Beam Selector (dimmer) Function - The 
l e f t  s ta lk control (forward for high beam and back for 
low beam) or a push b u t t o n  extending from the end of the 
lever shall a1 ternately switch the head1 ights from low 
to high beam by successive push b u t t o n  actuations. 

2 )  Right-H8nd Stalk 
a )  Automatic and/or Manual Gear Selector (when this  function 

i s  n o t  located between the two front seats)  - Lever 
motion shall be parallel with steering wheel rim 
axis;  a clockwise motion of the lever shall effect  
gear changes from PARK, t o  R E V E R S E ,  t o  NEUTRAL, t o  
DRIVE, t o  LOW in successive, detented steps. A 
mechanical detent and/or change of direction t o  
minimize accidental R E V E R S E  positioning while the 
vehicle i s  in forward motion shall be provided. 

b )  Automatic Speed Control Set (Cruise), when provided 
shall consist of a push button extending from the end 
of the lever handle. Operation of this  system shall 
be as follows: Driver accelerates to the desired 
speed; presses the push b u t t o n  t o  cause the cruise 
control system t o  secure a t  the selected speed; 
release i s  accomplished by a s l ight  pressure on 
the service brake pedal. 
Note: In the event the vehicle in question has an 
automatic speed control option b u t  the gear selector 
i s  mounted on the f loor ,  a fixed stalk shall be 
used with the speed control push b u t t o n  mounted 
as indicated in ( b )  above. " 

The proposed configuration i s  very similar t o  that of many 1980 
cars (dimmer and turn signal on the l e f t  s ta lk) .  I t  should be noted 
that in the i r  design, the wiper/washer i s  panel-mounted. The author 
be1 ieves that operating the dimmer switch by pushing a b u t t o n  on the 
end of the l e f t  stalk should n o t  be permitted. Several other functions 
are o f t ~ n  mounted there (washer, cruise se t ,  horn, etc. ) .  To permi t 
one more possibi 1 i ty would  only add t o  confusion. (Later Black e t  a1 . 
also suggest t h a t  mounting the horn on the l e f t  stalk and/or the 
back of the steering wheel spokes should be permi tted as an option. 
The author considers b o t h  proposals unwise. ) 



In addition t o  the basic proposal, specifics regarding control 
design were. presented. (See Figure 30.) A t  f i r s t  glance they seem 
reasonable. The author has an additional suggestion. Where part of 
a stalk twists, the detent names should be on the fixed part of the 
stalk and the arrow (or pointer) on the the part that moves. (See 
Figure 3 1 . )  

DOD 

With regard t o  the design o f  vehicles for the U.S. Department 
of Defense (DOD), there are two appropriate documents. The best known 
i s  Mi 1 i tary Standard 14728, "Human Engineering Design Criteria for 
Military Systems, Equipment, and  Facili t ies" (U.S. Department of 
Defense, 1974). A1 so of importance i s  Mi 1 i tary Handbook 759,  "Human 
Factors Engineering Design for Army Material " (U .S .  Army, 1975) ,  

That document replaces HEL Standard S-6-66 ( U  .S. Army, 1 9 6 6 ) .  When 
the Defense Department buys vehicles, i t  generally specifies they be 
in accordance with the Mil i tary Standard. The Handbook i s  primarily 
for reference purposes. 

Although most military vehicles are of a somewhat specialized 
nature, there i s  considerable interest i n  employing civil ian vehicles 
in a military role where possible as a cost-saving measure. As i t  i s  
intended t o  do this b o t h  i n  the United States and for U.S. forces i n  

Europe, foreign manufacturers wi 11 be increasingly concerned wi t h  

Military Standard 1472B in the future. For that reason, i t  i s  

important that IS0 TC 22/SC 13, responsible for ISQ Standard 4040, 
and those responsible for the Military Standard, ensure that the two 
documents are in agreement. 

Military Standard 1472B contains far more detail than any of  the 
other standards mentioned in  this section. There i s  considerable 
information on the s ize,  spacing, labeling, force l imits,  e tc .  for 
toggle switches , push buttons, rotary knobs, cranks, thumb wheels , 
and so forth.  Li t t le ,  however, i s  said concerning the location of  
control s . 
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F i g u r e  3 0. Push B u t t o n  Design Suggest ions o f  B lack ,  Yoodson and Selby (1977)  
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PUSH BUTTONS: 
Center-to-center separation 
of push buttons shall be suf- 
f iclent for forefinger oper- 
ation of a single button 
surrounded by other buttons, 
either above or below the 
switch to be pushed. 

a = 0.75 in. (1.9 cm) 

b = 0.75 in. (1 .9  cm) 

Push buttons should extend ( d )  
from the panel (not be reces- 
sed even after the button is 
activated. The extension 
difference between depressed 
and non-depressed should be 
at least 0.125 in. (0 .32 cm) 
but no more than 0 .25  in. 
(0.64 cm) . 
The diameter of round push- 
buttons should be a minimum 
of 0.50 in. (1 .27 cm). 

Thumb-operated push buttons 
should be larger where prac- 
tical (f) e.  g., approximately 
0 .75  in. (1.9 cm). 

1 

f 

. 
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S t r u c t u r a l  I n t e r f e r e n c e ;  

/ C o n t r o l s  must n o t  be  laced I - - 

too  c l o s e  t o  a  door  p k e l ,  
g l a r e  s h i e l d ,  e t c .  and thus  
~ n t e r f e r e  wi th  o u e r a t i s n  of 
t h e  c o n t r o l .  ~ i n t m u m  spac- 
i n g  i s  1,50 i n .  (3.81 sm). * 

1 I n t e r f e r e n c e  wi th  S t e e r i n g ;  I 
Because of t h e  f r e q u e n t ,  
r a p i d  manipula tory  r e q u i r e -  
ments i n  emergency s t e e r i n g ,  
no i n t e r f e r i n g  s t r u c t u r e ,  I 
and /o r  c o n t r o l  s h a l l  be - 

c l o s e r  than  w i t h i n  2,O i n .  
(5.08 cm), 

Unacceptable  

C o n t r ~ l s  should n o t  be l a i d  
o u t  so  t h a t  d r i v e r  has  t o  
r e a c h  around . o r  i n  be tween 
s t e e r i n g  wheel rim and ad- 
j a c e n t  door panel  i n  o r d e r  
t o  r each  a  p a n e l ,  s t a l k ,  o r  
cslumnmounted c o n t r o l .  The 

I e x t r a  t ime i t  t akes  and the  I 
p o s s i b i l i t y  of snagging a 
c u f f  on an intervening con- 
t r o l  make i t  u n d e s i r a b l e  t o  
p l a c e  any c o n t r o l  behind the  
s t e e r i n g  wheel.  

P r e f e r r e d  

L 
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F i g u r e  31. 

L a b e l i n g  o f  S t a l k s  T h a t  Twist 



Sununary 
Several standards are concerned with controls location and 

the design of mu1 ti function controls. The current IS0 Standard 
s tates  which will be located to the l e f t  or right of the steering 
column. The proposed revision would add many restr ic t ions regarding 
stag k movement directions and combinations of functions that  might 
appear together. The current SAE Recommended Practice s t i  pul ates 
where controls will appear. I t  i s  only s l ight ly more restr ic t ive 
than IS0 Standard 4040. Finally, FMVSS 101 has l i t t l e  t o  say about 
multifunction controls now, though i t  will be f a r  more restr ic t ive 
in the future. 







RESPONSE TIME I N D E X  

Estimating Accident Frequency 

A we1 1-designed instrument panel i s  simple t o  operate and ultimately 
i s  designed not t o  induce accidents. If such could be quantified, the 
automotive engineer would have a valuable tool with which a1 ternative 
designs could be compared. 

Estimating the frequency of such accidents or any similar measure 

of u t i l i t y ,  i s  most d i f f icu l t .  Instrument panel design-induced acci- 
dents may resul t  from inadvertent operation of controls or delayed 
operation of desired controls. Influencing such are the frequency of 
use of each cantrol, the time required t o  correctly operate each control, 
the probabi 1 i t y  that each added delay wi 11 result  in an accident, the 
confusion probabilities for each control with every other control, the 
time required to correct each error ,  and the conditional probability for 
each control that an accident reiul t s  , given inadvertent operati on .  A 

simple expression for the expected number of accfdents for a particular 
control arrangement i s  formula (1) .  That formula assumes only f i r s t -  
order errors occurring, that i s  that correcting one error does not 1 ead 
t o  another . I t  i s  a sum of the contributions due t o  delays and errors.  

n exposure duz t o  
E(accid) = ( f r ) i  [ ( P a ~ c i d ) ~  (RT) i  + ( ~ e r r o r ) ~ ( i T ) ~  t o  dcl aycd 

i=l  opcrati on 
n exposure 

+ (Perror) (CT) (Paccid) } d u c t o  
j = 1 error 

E(accid) = expected number of accidents for an arrangement 

mi = frequency of use of i th control 

(Paccid) i ,  = probability that operation of  i t h  or j th 
(Paccid) controls results in an accident 

j 

(m i  = response time for 'corrects" for the i t h  control 

( C T I i ,  = time t o  correct an error for i t h  or j th 
con tro 1 

( Perror) = probability that when operating control i ,  
control j is operated (confusion probabi 1 i t y )  

To compute the expected number of accidents for a control configura- 
t ion, a great deal of  information i s  required. The frequency of use 
estimates for controls (Tables 1 6 ,  35,  and 3 6 )  exist .  So, too, do 



correction times for a number of controls (see Anacapa Sciences ( 1  976) ) . 
On the other hand, the remaining information needed i s  extremely d i f f i -  
cu l t  to obtain. Confusion error probabilities for each control pair 
(Perror. . )  could be collected in a driver performance study, b u t  the 

1 J 
number of t r i a l  s required for accurate estimates are enormous, (Errors 
are discrete,  not continuous values.) Suck a study would be extremely 
costly. Finally, the accident probabilities (Paccidi ) would have t o  be 

estimated by experts because objective data do not exis t .  Recent research 
has shown t h a t  in the absence of actual frequencies, people are very poor 
estimators of the probabilities of accidents (Lichtenstein, Slovic, 
Fischoff, Layman, and Combs, 1978; Shanteau, 1978; Svenson, 1978). These 
diff icul t ies  are similar t o  those of the IS0 (1975) error analysis and 
the TEPPS procedure noted earl ier .  These d i f f icu l t ies  make this  ut i l  i t y  

measure not worth pursuing a t  this  time. 

Response Time Model Overview 

T h u s ,  while error and accident data are d i f f icu l t  t o  obtain, response 
time data are no t .  Response time i s  a key factor in accident estimation 
(formula ( 1 ) ) .  Response time i s  highly correlated w i t h  error rates. Fur- 
thermore, because of the ease with which i t  i s  measured, i t  i s  the most 
appropriate measure of driver performance i n  using a set  of controls. 
(Note: Because they occur in every response time experiment, error rates 
should also be reported.) 

What Factors Influence the Time t o  Use a Control? 

Subject Factors - I t  i s  reasonably well known that individual 
differences influence the time t o  use a control. Generally, males tend 
t o  be faster than females. Performance improves up  t o  about age 2 5  or 
30 ( a  gain i n  experience in operating controls) and then decl ines with 
age. 

Environmental Factors - Freezing temperatures decrease finger 
dexterity and interfere with performance. So does having the driver wear 
heavy clothing. This i s  especially true for gloves or mittens. Though  

the Essex reports have n o t  shown such differences, clearly l i g h t i n g  

levels should influence performance. Control location performance a t  
night should be somewhat slower than that during the day. 



The time to use a control can be partitioned into three intervals. 
(See Figure 32. ) 

driver signaled driver begins t o  dri ver electrical 
t o  operate control reach for control touche~control  contaqtnade 

I reaction I movement actuation 1 

ti me t i  me time 
(RT) (MT) (AT) 

Figure 32. Intervals Comprising the Time t o  Use a Control 

( 1 )  Reaction Time (RT)  - the time from when the driver has signaled t o  

operate a control until the movement toward it s t a r t s ,  ( 2 )  Movement Time 
(I4T) - from when the movement begins t o  the control until i t  i s  touched, 
and ( 3 )  Actuation Time (AT)  - from when the control i s  f i r s t  touched 
until switching i s  completed. Ignored in this  model is  the time required 
t o  return t o  the steering wheel. Whi 1 e this  return time has some con- 
sequence for controls located fa r  from the driver ( for  example, sometimes 
the radio),  usually i t  i s  the former three intervals that demand the most 
attention and present the greatest distraction t o  the driver. 

Reaction Time 

A basic underlying mode1 of human performance (formula ( 2 ) )  i s  
Hick's Law (Hick, 1952). I t  states that response time i s  a function of 
a constant plus a second constant times the logarithm t o  the base two 
of the number of a1 ternatives. 

RT = K, + K2 log2N 
where 

K 1 ,  K2 = constants 

N = number of choices 

Some have argued that Hick's Law should be presented as 

since when o n l y  one alternative i s  present, the subject must choose between 
responding and n o t  responding. As a result of la te r  work, i t  was found  

that Hick's Law as presented above i s  true o n l y  where the choices are 
equally 1 i  kely. Where that i s  n o t  true, N must be replaced by the H ,  

the information the subject handles (All  u i s i  , 1970;  Garner, 1966;  Hyman, 
1953; Sheri d a n  & Ferrell , 1974;  S m i t h ,  1968). (See formula ( 4 ) .  ) 

12 7 



Substituting into formula ( 2 )  

While the relationship is quite robust, the values for the constants K, 

and K2 are situation specific. Among other items, they depend upon  

practice, stimulus-response (S-R) compatibility, and individual differ- 
ences (Fi t t s  & Posner, 1967). 

Not as much effort  has gone i n t o  modeling learning or practice 
effects in conjunction with Hick's Law, Several models of learning 
alone, however, have appeared. The most popular, known as "rep1 aeement 
theory," claims that old habits are replaced by new ones, and that i s  
what constitutes learning. Shown as formula ( 6 )  i s  one mathematical 
expression in tended t o  represent that approach (Mazur & Hasti e, 1973).  

( a )  y = K(l - e -t/R) 

or 

( b )  y = K - Ke -t/R 

where 
y = performance (for  example, response time) 

K = constant 

R = learning rate parameter 

t = amount of time or number o f  t r i a l s  

A second model often used i s  an accumulation model. This model assumes 
the hyperbolic form shown in equation ( 7) .  This model treats learning 
as an  accumulation of habits (Mazur & Hastie, 1978) .  



where 

y = performance 

K = constant 

R = learning rate parameter 

t = amount of time or number of t r i a l s  

In practice, both of these models are equally effective in account- 

ing for performance (Restle & Greeno, 1970; Hilgard & Bower, 1975). 

The extent t o  which controls and displays are properly labeled varies 
significantly between vehicles. I t s  effect on performance i s  well docu- 
mented (Anacapa Sciences, 1976) .  The primary effect of labeling i s  t o  

cause performance t o  improve more rapidly in the early stages of practice. 
That suggests that formula ( 6 b )  should be changed t o  appear as formula 

(8 ) .  I n  that formula L, the labeling factor,  i s  a continuous value. 

where 
RT = reaction time 

K3 = constant 

L = labeling factor 

t = number of t r i a l s  

R = learning rate parameter 

Combining formulas ( 5 )  and ( 7 )  
n 

As K, and K3 are arbitrary constants, they can be combined, yielding 



As was noted p r e v i o u s l y ,  r e a c t i o n  t ime  i s  markedly a f f e c t e d  by 

c o m p a t i b i l i t y .  There a r e  two k inds  of S-R c o m p a t i b i l i t y  e f f e c t s :  w i t h i n -  

ensemble e f fec ts ,  and between-ensembl e  e f f e c t s  (,Fi t t s  & De in inger ,  1954; 

F i  t t s  & Seeger, 1953). 

Between-ensemble d i f f e r e n c e s  a r e  due t o  t h e  t ype  o f  m a t e r i a l  serv-  

i n g  as t h e  s i g n a l  ( s t i m u l u s )  and how t h e  s u b j e c t  responds (e.g., i s  t h e  

s t imu lus  a r r a y  a  c o l l e c t i o n  o f  l i g h t s  and t he  response a r r a y  a  c o l l e c t i o n  

o f  bu t tons ;  o r ,  i s  t h e  s u b j e c t  asked t o  name v i s u a l l y  presented numbers; 

o r ,  i s  some o t h e r  combinat ion used?).  The e f f e c t  o f  a1 t e r i n g  between- 

ensemble c o m p a t i b i l i t y  i s  t o  change t h e  va lue o f  K1. For  c o n t r o l s ,  

va r y i ng  t h e  des ign (panel  versus s t a l  k-mounting) w i l l  a1 t e r  K1. 

W i t h i n  -ensemble d i f f e r e n c e s  a re  those due t o  a1 t e r i n g  t h e  mapping 

o f  a  p a r t i c u l a r  s e t  o f  s t i m u l i  onto  a  p a r t i c u l a r  s e t  o f  responses. I n  

t h e  number-naming example, such cou ld  be achieved by ask ing  t h e  s u b j e c t  

t o  name a  number o t h e r  than t h e  one shown. (When I show a  "1"  say "2" ;  

when I show you a  "2 "  say 3"; when I show you a  "3" say "1 . " )  A l t e r i n g  

w i t h i n  ensemble c o m p a t i b i l i t y  changes t h e  va lue  o f  K2 i n  formula ( 5 ) .  

For a  p a r t i c u l a r  c o n t r o l  c o n f i g u r a t i o n ,  a1 t e r i n g  t he  d i r e c t i o n  o f  mot ion 

o f  c o n t r o l s  (push t he  r i g h t  s t a l k  down ( n o t  up) t o  opera te  t h e  w iper )  

i s  a  wi th in-ensemble man ipu la t ion .  Th i s  suggests mod i f y i ng  fo rmu la  (10)  

as f o l l o w s :  

where 

RT = r e a c t i o n  t ime  

K1 , K2, K3 = cons tan ts  

Cb,Cw = between - and within-ensembl e  compati b i  1  i t y  

Pi = p r o b a b i l i t y  ith f u n c t i o n  i s  ac tua ted  

L = l a b e l i n g  f a c t o r  

t = number o f  t r i a l s  

R = l e a r n i n g  r a t e  parameter 



Movement Time 

Motions made in reaching for controls have two dis t inct  phases, 
a ball i s t i c  movement t o  get the hand near the control , and final posi- 
tioning and grasping of the control. Predictions of the time t o  complete 

ball i s t i c  movements have been expressed in many ways, the most common of 
which i s  F i t t s '  Law (equations (12) and (,13)). F i t t s '  Law states  that 

movement time i s  linearlay related to the logarithm t o  the base two of 
two times the movement amplitude divided by the target width. 

Movement Time = MT = K5 + K4(ID) ( 1 2 )  

where 

K 5 , K 4  = constants 

2A ID = Index of  Difficulty = log2 

where 

A = amp1 i tude of movement distance 

W = width of target or accuracy 

As with Hick's Law, F i t t s '  L a w  i s  robust and somewhat immune t o  speed- 
accuracy tradeoffs (Robinson & Leifer, 1967) and environmental changes 
(Kerr, 1973) t h o u g h  the constants do change with the experimental condi- 
tions, Generally, where accuracy i s  uncontrolled, W i s  the 2 sigma error 
1 imit, We1 ford (1968) presents a somewhat modified form (equation (14))  

He argues that subjects distinguish the near and fa r  edges of the target,  
using something resembling a Weber fraction and n o t  a n  information metric, 
for which Fi t t s  argues. Distinguishing between the two models i s  d i f f i -  
cult  and i t  i s  n o t  unusual for them t o  account for over 90% o f  the 
variance in a simp1 e movement time task. Predictive differences between 
these models are insignificant. 

A third model has been suggested by Beggs and his colleagues 
(equation ( 1  5 ) ) .  (Kerr & Langolf, 1977)  



where 

E 2  = mean square error 

E i  = residual error (at t r ibuted t o  tremor) 

K = movement deceleration constant 

a = angular accuracy of the movement u 

u = time af te r  l a s t  correction (taken t o  be 290 ms) 

T = total  movement time 

I t  i s  not clear i f  t h i s  relationship i s  appropriate for the controls 
reach problem. This relationship was val idated using a dart  throwing- 
1 ike movement which permitted timing (and corrections) t o  be easily 
scheduled. 

While the ball i s t i c  motion t o  a target has been carefully examined 

in the psychological 1 i terature,  the final positioning and grasping 
motions have n o t  been considered. That i s  n o t  true of the industrial 
engineering 1 i terature.  Industrial engineers have taken great interest  
in predicting movement time, the main factor in determining the time t o  
do work. As a resul t ,  they have developed substantial data bases for 
such. Primary application of those predetermined time systems have been 

t o  factory assembly operations. (Barnes, 1968; Crossan & Nance, 1972;  

Green, 1979;  International Labor Office, 1973; Maynard, 1971 ; Niebel , 
1976; Quick, Duncan & Malcolm, 1962;  Whitmore, 1976 . )  Because of the 
intended application, i t  i s  assumed that the movements are performed 
repetit ively,  that the worker i s  reasonably well practiced, and that the 
movements are made with visual guidance. Furthermore, i t  i s  assumed 
that the movements are made a t  a normal speed, a pace t h a t  could be main- 
tained for an ent i re  day and not a t  the quickened rate that occurs while 
driving. I t  i s  an accepted practice t o  compute times for other paces by 
mu1 tip1 icatively scal ing the normal times ( i  .e . ,  reducing or increasing 
them by some percentage). 



The most cormonly appl ied pre-determined time system family i s  

Methods-Time Measurement (MTM) . For the control s reach problem, the 
relevant version i s  the detailed form, MTM-1. This system was constructed 
by analyzing films of d r i l l  press operations in the 1940's. I n  FITM-1 
there are 13 elements. They are: Reach - the motion of the hand toward 
an object; Move - a similar action involving transporting a weight; 
Turn; Apply Pressure; Grasp; Position; Release; Disengage; Eye Movements; 
and Body, Leg and Foot  Movements, Times for those movements are shown in 
Table 34. For short -cycle ac t iv i t ies  (e.g., using controls) the round- 
o f f  error introduced by tabular values as opposed t o  a continuous relation- 
s hip (formula) can introduce substantial errors into the computation. 
This i s  a weakness common t o  most predetermined time systems. I t  should 
be noted that the times in those tables are n o t  in seconds or fractions 
of a second, b u t  TMU or Time Motion Units. One TMU equals .036 seconds, 
,0006 minutes, or .00001 hours. In other words, there are roughly three 
TMU per second (Barnes, 1968; Maynard, 1971 ; Niebel , 1976) .  

In transporting the hand from the steering wheel towards the con- 
t r o l ,  one of two movement sequences can occur: e i ther  ReSease-Reach- 
Pos i tion-Grasp ( for  knobs and toggle switches) , or Re1 ease-Reach-Grasp 
( fo r  levers).  The sequence selected and the element durations will depend 
on the control design and the pace of the notions. Those detai ls  will be 
determined in future research. 

A second popular system (used about 1/3 as often as MTM) i s  Work 
Factor. As with MTM, there are several versions of the basic system, 
several elements (8 )  and tables of detailed data for each motion element 
(Quick, Duncan & Malcolm, 1962). Estimates of motion times based on 
Detailed Work Factor should approximate those of MTM-1. Further speci- 
f ication of the motion elements and times will be included in future work. 

In addition t o  these predetermined time systems, there are many 
others that  may provide useful data, including Master Standard Data 
(Crossan & Nance, 1972), Dimensional Motion Times (Geppinger, 1954) and 
MODAPTS (Col bert & Griff i th ,  1971 ). For the most part ,  these systems are 
less precise than MTM-1 or Detailed Work Factor. 

Learning n o t  only  influences reaction time, b u t  also movement time. 
The most comprehensive examinations of 1 earning and movement time are 



Table 34, MTM-1 Predetermined Times 

a 

TABLE I-REACH-R 

TABLE 11-MOVE-M 

hand or on which other hand 

I 1 Tim. TMU 11 Wt. Allowance 11 I 

Up t o  TMU 
L J 

A M o v e  o b j e c t  to 
other hand oragainst 
stop. 

B M o v e  o b j e c t  t o  
approximate or in- 
definite location. 

C Move object to ex- 
act location. 

I TABLE Ill-TURN AND APPLY PBESSUPE-I AND AP 1 





1 .  TABLE IX-BODY, LEG, AND FOOT MOTIONS 

1 I DOCRlPTlON 1 SYMBOL ( D I S T A N C E  1 TIME TMU ( 

I I Foot Motion-Hinged at Ankle. 
W i t h  heavy pressure. 

1 :MMp 1 Up to 4. 1 1.5 I 
19.1 1 ( Leg or Foreleg Motion. I LM - 1 U p  10~6. I 7.1 I 

Each add I. ~ n c h  1.2 

Sidestep-Case I-Complele whan lead- SS-C1 Less than 12' 
i n 9  l a g  c o n t a c t s  
floor. / 1 hch a%l. inch 

Case 2 -Lagg ing  l e g  m u s t  SS-C2 I I 12' 
conlact floor before Each add'l. inch 
next mot lon can be 
made. 

Use REACH or 
MOVE Time 

17.0 
.6 I 

I (lend. Stoop. or  Knee l  on  One  K n e e  I B.S K O K  I 
Arise. AB,A&,AKOK I Kneel  o n  Floor-Both Knees. 
Arise. I *"I"K 1 

Slt. 
Stand f rom Si lhng Pos111on. 
Tu rn  Body 45 to 90 daarees- 

Case I-Complete when lead~ng  leg 
contacls floor. 

Caaa 2-Lagg~ng leg must  contact floor 
before next mol lon can be 
made. 

S I T  
S T D  

T B C l  

T8CZ 

Can be performed 
~~mul !aneoui ly  ~ 8 t h  
PRACTICE. 

.DIFFICULT to parform a s~rnuilaneousiy s v a n  after long 
pract~c& Allow bolh tlmea. 

ABOVE TABLE 
TURN-Plormally EASY r l l h  all motionf ercdpt 

when TURN 1s controllad or wt lh  OISENOAOE. 
APPLY PRESSURE-May be EASY. PRACTICE, or 

DIFFICULT. Each cafe must be analy~ed. 
POSITlOH-Clisf 3--Always DIFFICULT. 
DISENGAGE-Class 2-Normally DIFFICULT. 
RELEASE-Always EASY. 

Wa lk *  
Walk. 

TABLE X-SIMULTANEOUS MOnONS 

W-FT. 
W - P  

Per Foot 
Per Pace 

5.3 
16.0 



those of Hancock & Foul  ke ( 1  963) and Hancock & Sathe (1  969) of MTM-1. 

They found that performance could be modeled using both negative exponen- 
t i a l  and simple linear ( i . e . ,  y = m x t b )  functions. The appropriate 
relationship varied with the motion element. 

How, then, should movement time be modeled? The suggested pro- 
cedure i s  t o  use F i t t s '  Law t o  determine the time of the ba l l i s t ic  motion, 
and MTM-1 (or  Work Factor) t o  estimate the time required for the release, 
positioning, and  grasping motions. As shown in formula ( 1 6 ) '  those pre- 

determined times will be adjusted for the dr iver 's  pace and learning. 

where 
K g Y K 4  = constants 

A = movement amp1 i tude 

W = target width 

PR = performance rating (pace) 

RL = release time 

P = position time 
depend on control design 

G = grasp time 

L l  ' L 2 ' L 3  = learning parameters of form ( L  = mt + b )  

t = t r i a l  number 

R = learning parameter 

I t  may be possible t o  simp1 i f y  th i s  model, as the amount of learning 
that occurs for some of these motions (especially Release and Grasp) tends 
t o  be small. That, however, requires further investigation. 

Actuation Time 

The psychological 1 i terature does n o t  provide any general models 
that could predict the time t o  activate a control. On the other hand, 



predetermined time systems ( the  indust r ia l  engineering approach) do 
provide some predictions. For actuating a toggle switch or lever,  the 
motion ( i n  MTM-1) i s  Move, f o r  a knob i t  i s  Turn, and fo r  a push-button 

i t  i s  e i t he r  Apply Pressure or Move. The exact value of the time i s  
dependent on the control design, operator pace, and practice.  Those 
values will be determined in future research. Actuation time i s  defined 
as shown in formula ( 1 7 ) .  

Actuation Time = AT = ( D )  ( P R )  ( L a )  

where 

D = MTM-1 value fo r  each control design 

PR = performance ra t ing (pace) 

L 4  = learning parameter (of the form L = m t  + b where 
t = t r i a l  number) 

Combining formulas ( l l ) ,  (161, and (17) 
n 

Response Tire = K1 ( C b )  + K 2 ( C w )  P i  log2 - K3(L)e't'R1 1 RT 
i = l  1 

where 

K l  , K 2 , K 3 , K 4 ,  
= constants 

K 5 ' K 6 ' K 7  

Cb ,Cw = between and within ensemble- compatibility 

P i  = probabil i ty i t h  function i s  cued 

L = labeling factor  

t = number o f  t r i a l s  

R1 , R 2  = learning parameters ( R 1  , R E )  

A = movement amplitude 



W = target width 

PR = performance rating 

RL = release time 

P = position time 

G = grasp time 

L1 , L 2 , L 3 , L 4  = learning parameters 

D = base time for actuating each control design 

Thus performance i s  influenced by the probability that a function 

will be operated, the design of the control, and practice. These factors 
are captured in a relationship that combines Hick's Law, F i t t s '  Law, and 
industrial engineering predetermined times. 

Previous Model s 

The model described in the previous section i s  by no means the f i r s t  
attempt t o  model human performance. Models have been developed t o  de- 
scribe human performance in many complex tasks. Most popular are those 
concerned with the workload of flying an a i rc raf t .  (See Greening, 1978 
and Wierwille & Williges, 1979 for reviews.) The most appropriate of the 
"cockpit" models i s  the Human Operator Simulator (HOS) (Lane, Strieb & 

Wherry, 1977; Strieb, Glenn & Wherry, 1978). While HOS will generate 
predictions for operation times of simple switches, i t  lacks the necessary 
detai ls  t o  describe either multidirectional or combined lever controls. 
Other similar models include SWAM (Stat is t ical  Workload Assessment Model ) 

(Linton, Jahns & Chatelier, 1 9 7 7 ) ,  the Siegel and Wolf model (Siegel & 

Wolf, 1 9 6 9 ) ,  and SAINT (Systems Analysis of Integrated Network of Tasks) 
(Hann & Kuperman, 1975; Kuperman & Seifer t ,  1975;  Wortman, Duket, Seifer t ,  
Hann & Chubb,  1978a, b ) .  SAINT i s  not a model dedicated t o  addressing 
operator performance b u t  rather a general task schedul ing model whose in- 
puts are val ues obtained from human performance experiments. 

Within the industrial engineering l i terature  are a parallel set  of 

computer models whose purpose i s  t o  automate the application of pre- 
determined time systems. Worthy o f  note are ARMAN-Artificial Methods 
Analyst (Cremer, Towne & Mason, 1 9 7 7 ) ,  the Chaffin model (Chaffin, 



Kilpatrick & Hancock, 1970), SAMMIE (Bonney & Schofield, undated a ,  b ) ,  

the 4M System (Martin, 1974) and MOST-Maynard Operation Sequence Tech- 
nique (Maynard Company, 1974; Zandin, 1975). As a11 of these models are  

intended t o  describe se r ia l  r epe t i t ive  tasks ,  reaction time i s  excluded. 
These model s will therefore underestimate the time t o  operate a control 
once adjusted fo r  pace. 

Thus there a re  many models o f  human performance appropriate to  pre- 
dict ing the time t o  use a control .  I t  appears tha t  combining several of 
the psychological models w i t h  the industr ial  engineering data will y ie ld  
the most accurate predictions. 







HUMAN FACTORS SUGGEST1 ONS 

General P r i  n c i  p l  es 

One o f  t h e  a ims o f  t h e  r e s e a r c h  r e v i e w  was t o  p r o v i d e  a  b a s i s  f o r  

s t a l k  c o n t r o l  d e s i g n  recommendat ions.  The a u t h o r  has i n t e r p r e t e d  t h i s  

mandate somewhat b r o a d l y ,  and i n  many cases a l l  t y p e s  o f  f i n g e r t i p - r e a c h  

c o n t r o l s ,  n o t  j u s t  s t a l k  c o n t r o l s ,  a r e  c o n s i d e r e d .  What c o n t r o l s  shou ld  

be w i t h i n  f i n g e r t i p  r e a c h  and where shou ld  t h e y  be p o s i t i o n e d ?  There  

a r e  f o u r  b a s i c  f a c t o r s  t o  be c o n s i d e r e d  i n  t h e  ar rangement  o f  c o n t r o l s :  

( 1 )  f requency o f  use, ( 2 )  t h e  impor tance  o f  t h e  a c t i o n  r e s u l t i n g  and 

t h e  c o s t  o f  t i m e ,  ( 3 )  sequence o f  use,  and ( 4 )  f u n c t i o n a l  g r o u p i n g .  

1  ) Frequency o f  Use - C o n t r o l s  t h a t  a r e  f r e q u e n t l y  a c t u a t e d  

s h o u l d  be as c l o s e  as p o s s i b l e  t o  t h e  1 0  and 2 o ' c l o c k  

g r i p  p o s i t i o n s  on t h e  s t e e r i n g  wheel w i t h o u t  b e i n g  a c c i d e n -  

t a l l y  s t r u c k  w h i l e  s t e e r i n g .  One o f  t h e  key  f a c t o r s  i n  

d e t e r m i n i n g  t h e  t i m e  t o  use a  c o n t r o l  i s  movement t i m e  and 

c o n s e q u e n t l y  t h e  movement d i s t a n c e .  

2)  Impor tance  o f  t h e  R e s u l t i n g  A c t i o n  - The most  i m p o r t a n t  con- 

t r o l s  (based on what t h e y  d o )  shou ld  be l o c a t e d  c l o s e s t  t o  

t h e  d r i v e r .  Again,  by m i n i m i z i n g  movement d i s t a n c e  t o  a  

c o n t r o l ,  response t i m e  i s  m i n i m i z e d .  

3 )  F u n c t i o n a l  Group ing - C o n t r o l s  t h a t  a r e  a s s o c i a t e d  w i t h  t h e  

same system o r  subsystem shou ld  be a r ranged  a d j a c e n t  t o  

each o t h e r .  O r g a n i z i n g  c o n t r o l s  i n  such a  l o g i c a l  manner 

makes them e a s i e r  t o  f i n d .  

4) Sequence o f  Use - C o n t r o l s  t h a t  a r e  used i n  sequence shou ld  

be l o c a t e d  n e x t  t o  each o t h e r  so as t o  m i n i m i z e  movement 

d i s t a n c e  (and t i m e ) .  

Fow le r ,  W i l l  iams, Fowl e r ,  and Young (1  968) proposed s e v e r a l  

methods f o r  q u a n t i f y i n g  each o f  t h e s e  p r i n c i p l e s  and compared them i n  



an exper iment.  Var ied  i n  a  f a c t o r i a l  manner were s t r e s s  and t h e  l e v e l  

o f  a p p l i c a t i o n  o f  each p r i n c i p l e .  Each o f  200 male c o l l e g e  s tuden ts  

operated an i ns t r umen t  pane1 t h a t  had been designed t o  meet some combi- 

n a t i o n  o f  these f a c t o r s .  The t ask ,  a  s imu la ted  s a t e l l i t e  launch,  was 

h i g h l y  sequen t i a l  and d e t e r m i n i s t i c .  The r e s u l t s  ( t i m e  t o  per fo rm t h e  

launch ope ra t i on  and t he  number o f  e r r o r s  commit ted) showed t h a t  b e s t  

performance was ach ieved when t h e  c o n t r o l s  were ar ranged accord ing  t o  

sequence o f  use. When f u n c t i o n a l  grouping was ach ieved a t  a  h i g h  l e v e l  , 
t h a t  arrangement was s u p e r i o r  t o  those r e s u l t i n g  f rom group ing  by f r e -  

quency o f  use o r  importance of r e s u l t i n g  a c t i o n .  Wi th  regard  t o  t he  o t h e r  

p r i n c i p l e s ,  no general  conc lus ions  can be drawn because o f  r a t h e r  com- 

p l e x  speedlaccuracy t r a d e o f f s  unde r l y i ng  t he  r e s u l t s .  

I n  a d d i t i o n  t o  these c h a r a c t e r i s t i c s ,  severa l  o t h e r  i tems of 

data have impact  upon dec is ions  concern ing c o n t r o l  1  oca ti on. Those 

o t h e r  f ac to r s  a re :  ( 1 )  acc i den t  i n f o rma t i on ,  ( 2 )  d r i v e r  expectancy, 

( 3 )  d r i v e r  performance, ( 4 )  problems w i t h  c o n t r o l  c o n f i g u r a t i o n s ,  and 

( 5 )  d r i v e r  p re fe rences .  

1) Acc iden t  I n f o r m a t i o n  - I t  i s  c l e a r  t h a t  des ign o f  c o n t r o l s  

can be a  causa t i ve  f a c t o r  i n  acc i den t s .  However, i n s u f f i -  

c i e n t  i n f o rma t i on  i s  a v a i l a b l e  t o  draw d e t a i l e d  conc lus ions 

as t o  which s p e c i f i c  k inds  o f  c o n t r o l s  a re  conducive t o  

acc i den t s ,  a t  l e a s t  based on t h e  acc i den t  data a t  hand. 

D r i v e r  Expectancy - Cont ro ls  should  be l o c a t e d  where 

d r i v e r s  expect  them t o  appear and should  opera te  i n  t he  

m a t t e r  expected (up and t w i s t  away f o r  on o r  i nc rease ) .  

There i s  more than ample exper imenta l  evidence t o  suppor t  

t h i s  p o s i t i o n .  McGrath (1976)  shows t h a t  if c o n t r o l s  a re  

w i t h i n  f i v e  inches o f  t h e i r  expected l o c a t i o n  and mounted 

on t he  expected su r f ace  (panel  o r  column) t h e r e  i s  no pe r -  

formance decrement. I n  t h e  "response t ime  model ," expectancy 

i s  r e f l e c t e d  i n  t he  c o m p a t i b i l i t y  c o e f f i c i e n t s .  



3) D r i v e r  Performance - There  a r e  c o n s i d e r a b l e  d a t a  on  d r i v e r  

per fo rmance i n  u s i n g  c o n t r o l s .  W i t h  r e g a r d  t o  s t a l  ks,  few 

des igns  have been e v a l u a t e d .  The e x i s t i n g  1  i t e r a t u r e ,  

however, does o f f e r  many i n s i g h t s  as  t o  how such s t u d i e s  

s  hou l  d  be per fo rmed.  

4 )  Problems w i t h  C o n t r o l s  - There  i s  v a s t  i n f o r m a t i o n  r e g a r d i n g  

wh ich  c o n t r o l s  d r i v e r s  expe r ience  d i f f i c u l t y  i n  f i n d i n g ,  

r e a c h i n g  f o r ,  and o p e r a t i n g  . I n f o r m a t i o n  on t h e  i n f l u e n c e  

o f  t h e  c o n t r o l  d e s i g n  i s  somewhat s p o t t y ,  e s p e c i a l l y  i n  

r e g a r d  t o  s t a l  k c o n t r o l s .  

5 )  D r i v e r  P r e f e r e n c e  - There  a r e  some i n d i c a t i o n s  t h a t  d r i v e r s  

p r e f e r  s t a l  k c o n t r o l s  t o  panel  c o n t r o l s .  There  i s  1  i t t l e  

i n f o r m a t i o n  c o n c e r n i n g  p r e f e r e n c e s  f o r  a1 t e r n a t i v e  s t a l k  

c o n t r o l  c o n f i g u r a t i o n s .  I t  i s  be1 i e v e d  e x i s t i n g  p r e f e r e n c e  

da ta  a r e  b iased .  

Suggested C o n f i g u r a t i o n s  

The s e l e c t i o n  o f  c o n t r o l s  f o r  f i n g e r t i p  r e a c h  l o c a t i o n s  and t h e  

development o f  suggested c o n f i g u r a t i o n s  f o r  them was per fo rmed i n  two 

s t e p s .  I n  t h e  f i r s t  s t e p ,  c o n t r o l s  were ass igned  p r i o r i t i e s  based on 

t h e  p r e v i o u s l y  d e s c r i b e d  p r i n c i p l e s .  Wh i l e  i t  would be d e s i r a b l e  t o  

make t h o s e  assignments i n  a  r i g o r o u s  and q u a n t i t a t i v e  manner, t h e  i n f o r -  

m a t i o n  needed t o  do t h i s  ( t h e  c o s t  o f  e r r o r s  and, i n  some cases,  t h e  

f requency  o f  use)  i s  n o t  a v a i l a b l e .  (See Tab les  16, 17,  and 35-37 f o r  

f r equency  o f  use and r e l a t e d  d a t a . )  I n  t h e  second s t e p ,  sugges t i ons  

a r e  p resen ted  f o r  t h e  l o c a t i o n  and o p e r a t i o n  o f  f i n g e r t i p  r e a c h  con- 

t r o l  s .  Because a  de f a c t o  s tanda rd  f o r  i t  e x i s t s ,  t h e  s t e e r i n g  c o n t r o l  

has been exc luded f rom t h i s  a n a l y s i s .  Aga in  because t h e r e  i s  an absence 

o f  good d a t a  on d r i v e r  o p e r a t i o n  o f  m u l t i d i r e c t i o n a l  and combined l e v e r  

c o n t r o l s ,  many o f  t h e  sugges t i ons  were made based on human f a c t o r s  

p r i n c i p l e s .  

Shown i n  Tab le  38 i s  t h e  1  i s t  o f  p r i o r i t i e s  f o r  hand c o n t r o l s .  

C o n t r o l s  t h a t  shou ld  be w i t h i n  f i n g e r t i p  r e a c h  a r e :  t h e  i g n i t i o n  and 

o t h e r  eng ine  s t a r t i n g  and s t o p p i n g  c o n t r o l  s, gear s h i f t ,  p a r k i n g  brake 

s e t  ( i f  hand o p e r a t e d ) ,  beam s w i t c h i n g / o p t i c a l  warn ing  and a u t o m a t i c  



Table 35. Anacapa Est imates o f  Frequency o f  Use o f  Con t ro ls .  

U S E  

Cont ro l  Once/day 
I 

Not i n  
m.y Car 

Rare ly  o r  
Once/week Once/month Seasonal ly  Never 

Headl ights 

Wiper 

Flasher 

Source: Anacapa Sciences (1976), expectancy survey ( n  = 17.8 U.S. d r i v e r s ) ,  p. A-37. 

n  % I n %  n % 

918 54.6 

52 3.2 

5  8 3.5 

T o t a l  
I 

n %  I n %  

Note: Other i tems surveyed were t he  r a d i o ,  hea te r ,  d e f r o s t e r ,  l i g h t e r ,  asht ray,  and vent .  



T a b l e  36.  Frequency o f  Use E s t i m a t e s  from IS0 
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I 

Source :  I n t e r n a t i o n a l  S t a n d a r d s  O r g a n i z a t i o n ,  1976 
(document ISO/TC22/SC13/WG3 (S  irnmond s - 5 )  46 )  
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T a b l e  37.  D u r a t i o n  o f  Use E s t i m a t e s  from IS0  

Tine 'on' as a percentaip of e@mi ruzL!g :ize. 

S o u r c e :  I n t e r n a t i o n a l  S t a n d a r d s  O r g a n i z a t i o n ,  1 9 7 6  
(document  ISO/TC22/SC13/WG3 (Simmonds-5) - 4 6 )  
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Table 38. Priorit ies for Hand Controls (Steering Control Excluded) . 
w 
r 

C I  J 
0  L 0  
-r O l a  E 

m u  .r U - VI 
s r r  L C C T , ~  
r O  P S S V I  P, 
C,*r LC, 'C.7 3 S U  
SC, - r C ,  C w P  .r a 
a 0  7 5  m 3% C, L 

* r E O O  I .  Controls t o  be Close g E  Z ~ L  
C a 3u 

to  the Wheel a t :  LC, C, m a  
L , r  a h l n  U v ,  
ce C F  0 % - s  

'$ 
a O W  VIaa L 24 0  

O F  .rQI C, S J  F3 F U 
a . r  C,E L h O U  E 4 
VIC O E  f5U.rql QI C, Q) 
3 3 a - r  P a r C , u l  L V r 9  

ignition, other start/stop x emergency restar t /s  t o p  
controls, block heater, x 
glow plug, choke 

gear s h i f t  x x emergency stop 
parki ng/emergency brake x emergency stop 

set  ( i f  hand operated) 
horn x x 
beam swi tching/optical x x integrate optical warning x 

warning & a u t o  beam with horn x 
switch adjust x 

turn signal x x x 
wiper/washer & de7ay x clear windshield of spray x 

control , from passing vehicle x 
rear wi perlwasher x 

11. Controls Within Easy Reach 
While Driving Position Remarks 

1 ighting controls (excluding beam switching) 
head1 ightslparking 1 ights/fog 1 ights on/off & 

headlight off delay 
inter ior  l ights ,  pnael intensity,  auxiliary lights I group together 

(e.g. ,  map) 
hazard warning (may want  t o  group with turn signal) 
head1 i g h t  wiper 

inside mirror adjust 
outside mirror adjust & heater (group together) 

I 
sun visor 
parking brake re1 ease 
cl  imate controls (defroster,  heater, fan, A C ,  & rear g roup  together 

defogger) 
ventilation - windows, sun roof 
communications - radio, C B ,  tape, antenna, telephone group together 
1 ighterlashtray group together 
dr iver 's  door lock & master 1 ock controls 
seat adjust & heater 
steering wheel adjust 
cruise control 

- -- - 

111. Controls Ordinarily Not Used While Moving 

hood & trunk release 
glove compartment 1 ock 
clock ad.iust 
odometer/ t r i  pmeter adjust 



dimmer adjustment controls , the horn, turn signal , and wi per/was her 
controls (incl uding the delay adjustment and rear wiperlwasher) . 
In l ight  of driver expectancies, s ta lk locations should be considered f c r  
the gear s h i f t ,  turn signal , beam switching and wiper/washer controls. 

Of the remaining controls those associated with communications 
deserve mention. Controls for the car radio are the most frequently 
operated of a1 1 secondary controls . Because the i r  operation dis t racts  
the driver from paying attention t o  the road ahead, special considera- 
tion must be given t o  where the radio i s  located. 

Related t o  the radio i s  the car telephone, Bell Laboratories 
has developed a new switching system that will vastly increase the 

avai labi l i ty  of mobile telephone service. They expect the car te le-  
phone t o  be a popular option in the near future. As a consequence, 
the design of i t s  controls should be considered b; the auto industry 
(Fantel, 1977; Grundlach, 1977; Hanson & Bronell, 1974; I t o  & Matasuzaka, 

1978; Kames, 1978; Mason, 1978; Smith, 1978; Walker, 1978). 

Shown in Table 39 are detai ls  for five groups of controls actively 
being considered for s ta lk mounting. Two of the other controls that 
should be located close to  the steering wheel are not described in 
de ta i l .  The location (on the right side of the column) and design 
(key switch) of the ignition i s  f a i r ly  standard and i s  satisfactory. 
As other controls related t o  s tar t ing a n d  stopping the engine should 
be similar simple switches (push buttons, rocker switches, e t c . )  i t  
would n o t  be appropriate t o  describe their  design in detail  here. 
Likewise, the only manner in which suff ic ient  mechanical advantage 
can be obtained t o  operate a handbrake i s  by a pull handle extending 
from the panel or a lever from the f loor .  Since this  should n o t  be a 
multifunction control, l i t t l e  will be said about i t .  

For the remaining controls for a left-hand drive car ,  the follow- 
ing i s  suggested. 

1) I f  the car i s  equipped with a n  automatic transmission, the 

gear s h i f t  should be a dedicated, undirectional right-side lever.  
?,loving i t  clockwise will sh i f t  the transmission through the standard 



sequence (PRNDL) . If manual , the gear s h i f t  could be 

e i ther  a r ight-side s ta l  k or consol e-mounted. Attempts 
should be made to reduce the number of s h i f t  patterns.  

2 )  The horn control should be a dedicated one, operated by 

touching e i ther  the steering wheel h u b  or spokes. S o u n d i n g  

the horn should also actuate the optical warning function. 

3 )  The turn signal should be a dedicated multidirectional lever 

to the l e f t  o f  the steering column and operate in the 
currently almost standard manner. 

4 )  The beam switch should be on the same multidirectional lever 
as the turn signal . The switch design (pull /pull  , push/pull , 
other)  needs to be resolved by research. 

5 )  For the wiper/washer, two interim dedicated designs a re  

suggested. 

I f  the gear s h i f t  i s  column-mounted, twisting the l e f t  s t a lk  

away from the driver should increase the wiper speed ( o f f ,  in termit tent ,  
low, h i g h ) .  The wiper delay would be adjusted by a knurled ring midway 
along the s ta lk  length. The washer would be operated by an end push 

button. The rear  wiper/washer would be controlled by a s l i de  switch; 
depress to  wash; push towards the column to  increase rear wiper speed. 

For a floor-mounted gear s h i f t ,  the wiper/washer should be e i t he r  
mounted on the l e f t  s t a lk  (as was the ease for  vehicles with a column- 
mounted s h i f t )  or  controlled by a r ight  s t a l k .  If  mounted on the 
r i gh t ,  pushing tha t  s ta lk  toward the cei l ing would increase wiper 

speed (same sequence). A knurled ring on the end of the s ta lk  

( twis t  to change) would adjus t  the wiper delay. I t  i s  not c lear  
whether the washer should be an end push button or operated by pull ing 

the lever towards the steering wheel. The rear wiperlwasher would be 

mounted on the face of the r ight  s ta lk  and operate in exactly the same 
manner as the l e f t  s t a lk  version. 



I t  must beemphasized t ha t  these suqqestions are  sole ly  those of 
the author. They a r e  extreme1.y t en ta t ive .  In most cases they a r e  
based on human fac to rs  pr inciples ,  and in some, o n  conjecture. There- 
i s  no research of which the author i s  aware where the number of  s t a l  ks 
or t ne i r  location has been varied and driver performance data col lec ted.  
They should be interpreted as preferences ra ther  than recommendations 
against  speci f ic  configurations ( e . g . ,  (2L, 1 R )  , (2L) ,  and ( I  I, 2 R ) ) .  

They are  a ref lec t ion of what i s  known now. They a re  cer ta in  to  change 

when the proposed research i s  completed. 



Table  39. D e t a i l s  of  Human Fac to rs  Analyses o f  S t a l k  C o n t r o l s .  

CONTROL : GEAR SHIFT 

GENERAL PRINCIPLES 

Sequence o f  Use : 

Frequency o f  Use: 

Used a f t e r  t h e  i g n i t i o n .  

Simmonds (1974) : 
No data  (assumed 100%) 

Importance o f  A c t i o n :  

Anacapa Owner Rental  Car 
Sciences (1976) Survey:  100% Survey:  100% 

High:  q u i c k  r e s t a r t  needed when eng ine s t a l l  s  w h i l e  moving, e s p e c i a l l y  
i n  v e h i c l e s  w i t h  power brakes and/or power s t e e r i n g ;  q u i c k  down-sh i f t  
a c t i o n  r e q u i r e d  i f  brakes f a i  1 .  

Func t iona l  Grouping:  

Used w i t h  i g n i t i o n .  
- - - - -- - - - .- - 

SPECIFIC DATA 

Acc i  den t  Evidence : 

None pub1 i s h e d  though c o n s i d e r a b l e  d i s c u s s i o n  i n  popu la r  press con- 
c e r n i n g  i t s  r e l a t i o n s h i p  t o  a c c i d e n t s .  

Expected Loca t i on : 

R i g h t  s i d e  o f  column o r  mounted on f l o o r  between s e a t s .  

D r i v e r  Performance: 

No data .  

Problems Reported: 

Burger e t  a l .  (1977), no da ta .  Anacapa Sciences (1976) ,  t h e  comp la in t  
r a t e  f o r  panel-mounted push b u t t o n s  was double t h a t  o f  l e v e r  des igns.  . 

Owner ' s  Survey : Locate/opera t e  1.5/8.5% 
Cur ren t  t r i p :  .5/1.9% 
A1 1  r e n t e r s  : 2.4/3.8% 



Table 39.  (continued) Details of Human Factors Analyses of Stalk Controls 

Control : Gear Sh i f t  

INTERIM SUGGESTION 

The gear s h i f t  should be a dedicated column-mounted, unidirectional 
lever o n  the r igh t  s ide  for  vehicles with automatic transmissions. Floor 
or column mounting would be permitted for  vehicles f i t t e d  with manual 
transmissions. While t h i s  does not seem t o  be very r e s t r i c t i v e ,  i t  
would el iminate several designs ( fo r  example, the 1959 Ford Edsel had a 
push b u t t o n  se lec tor  mounted o n  the steering wheel h u b ) .  



Table 39. (continued) Details of Human Factors Analyses of Stal k Controls 

CONTROL : HORN 

GENERAL PRINCIPLES 

Seauence of Use: 

Frequency of Use: 

May be used prior  t o  foot control (brake/accelerator) .  

Sinimonds (1974) : 
No data 

Importance of Action: 

High: Need t o  warn other drivers of impending danger, 

Anacapa Owner ' s Rental Car 
Sciences (1976) Survey: 19% Survey: 47% 

Functional Grouping : 

Associated with optical warning. 

SPECIFIC DATA 

Accident Evidence : 

Of the controls examined by Perel (1974), the horn was most frequently 
associated with accidents. 

Ex~ected Location : 

McGrath (1974). Foreign drivers - steering wheel 1 ocation ex~ec t ed  
by I t a l  ian , Swedish , Engl ish, and Japanese dr ivers .  French drivers 
expect s t a lk  mounting, primarily l e f t .  U . S .  drivers expect steering 
wheel mounting. 

Driver Performance : 

Malone, Krumm, Shenk, and  Kao (1972); Krumm (1974); Faust-Adams and 
Nagel (1975); and  the work of Anacapa Sciences (1976) point to 
superiori ty of steering wheel mounting over s t a lk  mounting. Distin- 
guishing between spoke and pod mounting a1 ternating i s  d i f f i c u l t .  
Performance data indicate location within rim i s  unexpected. 

Problems Reported : 

Burger e t  a1 . (1977) : The horn was the most 1 i  kely o f  a1 1 controls 
t o  be associated with near-accidents. Detailed analysis indicates 
problem i s  mainly due t o  stalk-mounted horn. Fewer problems occur 
with other designs. Krumm (1974): There i s  a greater  problem inci -  
dence for s t a lk  and rim mounted horns. 



Table 39. (con t inued)  D e t a i l s  of Human Factors  Analyses o f  S t a l k  Con t ro l s .  

CONTROL : HEADLIGHT BEAM SWITCH/DIMMER AND OPTICAL WARNING 

GENERAL PRINCIPLES 

Frequency o f  Use: 

Simmonds (1974) :  D ip  t o  h i g h  - 5 ,  d i p  t o  low - 5. O p t i c a l  horn - 5. 
Anacapa Sciences (1976) :  Own c a r  survey:  10%; Rental  c a r  survey 44% 

Sequence o f  Use: 

Beam s w i t c h i n g  o p t i c a l  warn ing may be assoc ia ted  w i t h  us i ng  horn.  

Importance o f  Ac t i on :  

S i g n a l i n g  : h igh .  Other a c t i o n s  - moderate. Func t iona l  grouping 
assoc ia ted  w i t h  h e a d l i g h t  o n / o f f  c o n t r o l .  

SPECIFIC DATA 

Acc iden t  Ev i  dence : 

None. 

Expected Loca t ion  : 

Anacapa Sciences (1976) : S t rong  U .S. p re fe rence  (85%) f o r  f loor -mounted 
dimmer sw i tch .  I n  general  , I t a l i a n  and French expect  s t a l k  mount ing o f  
head1 i g h t s  (1  e f t  s i d e ) .  Swedish, UK, and Japanese d r i v e r s  expect  panel 
mount ing.  
B lack,  Woodson, and Selby (1977) : When c o n t r o l  i s  n o t  f l o o r  mounted i t  
shou ld  be a  l e v e r .  Moving a  l e v e r  towards t he  d r i v e r  i s  p r e f e r r e d  t o  
moving a  l e v e r  away 3 : l  f o r  h igh / low beam sw i t ch i ng .  
E l sho l z  and B o r t f e l d  show s t a l k  mount ing p r e f e r r e d  t o  panel mount ing f o r  
high-beam s w i t c h i n g  . 
D r i v e r  Performance : 

Faust-Adams , and Nagel (1975) r e p o r t  s  t a l  k-mounted 1  oca t ions  responded 
t o  more r a p i d l y  than f loor-moun t e d  l o c a t i o n ,  

Problems Reported : 

Burger e t  a1. (1977) r e p o r t s  a  f a i r  number o f  problems w i t h  the  dimmer. 
Most were assoc ia ted  w i t h  f i n d i n g  and ope ra t i ng  i t  as opposed t o  reach- 
i n g  f o r  t he  c o n t r o l .  The number of problems assoc ia ted  w i t h  reach ing  
i t ,  however, i s  g r e a t e r  than those f o r  any o f  t h e  o t h e r  secondary con- 
t r o l  s .  
Anacapa Sciences (1976) own c a r  survey l oca te /ope ra te  15.2/7.0%, r e n t a l  
ca r  survey 6 .0 /3 .3%.  I n  comparing t h e  va r i ous  c o n t r o l  designs, t he  
problem r a t e  f o r  t he  f l o o r  des ign was l e s s  than t he  s ta lk-mounted des igns.  
Mourant e t  a l .  (1977)  - i n s u f f i c i e n t  evidence t o  f a v o r  one method of  
ope ra t i on  over  ano ther ,  though problem r a t e s  f o r  moving a l e v e r  up and 
down t o  opera te  t he  dimmer a r e  cons iderab ly  g r e a t e r  than those t o  move 
i t  forward o r  back. 
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Table 39. ( con t i nued )  D e t a i l s  o f  Human Factors  Analyses o f  S t a l k  Con t ro l s .  

Cont ro l  : Horn 

SPECIFIC DATA: Continued 

Problems Reported : ( c o n t  . ) 
Anacapa Sciences (1976) :  Own c a r  survey 9.811216%. Rental  survey - 
18.2/10/1%. Note: l a r g e s t  o f  a1 1  c o n t r o l s  . Most f r e q u e n t l y  r e p o r t e d  
of a l l  c o n t r o l s ;  l a r g e  number o f  problems w i t h  mu1 t i  f u n c t i o n  c o n t r o l  , 
push but tons,  and pod-mounted dev ice .  Few problems w i t h  pod-type 
designs . 
D r i v e r  Pre ference : 

No data.  

INTERIM SUGGESTION 

As t h e  comp lex i t y  model shows t h a t  i n c r e a s i n g  t h e  area o f  c e r t a i n  
types o f  c o n t r o l s  decreases movement t ime,  t h e  a c t i v e  area o f  t h e  horn 
c o n t r o l  shou ld  be bo th  t h e  s t e e r i n g  wheel hub and spoke faces and 
those areas shoul d b e d e d i c a t e d  s o l e l y  f o r  t h a t  purpose. Both should 
be l abe led .  Because o f  p o s s i b l e  confusion w i t h  washer, c r u i s e ,  beam 
s w i t c h i n g  and o t h e r  c o n t r o l s  i n  e x i s t i n g  v e h i c l e s ,  l e f t  s t a l k -  
mount ing of t h e  horn  i s  n o t  suggested. F u r t h e r ,  t h e  horn and o p t i c a l  
warn ing  shou ld  be i n t e g r a t e d .  Sounding t h e  a c o u s t i c  horn should f l a s h  
the  h e a d l i g h t s .  When t h e  a c o u s t i c  horn  i s  sounded by i t s e l f ,  one o f t e n  
cannot  determine which v e h i c l e  i s  t h e  source, e s p e c i a l l y  i n  t r a f f i c .  
L ikewise ,  when t h e  o p t i c a l  horn i s  operated d u r i n g  d a y l i g h t  hours,  
s imul taneous a c t i v a t i o n  o f  t h e  a c o u s t i c  horn cou ld  be va luab le  i n  
a1 e r t i n g  o t h e r  d r i v e r s  . 



Table 39. (continued) Details of Human Factors Analyses of Stalk Controls. 

Control : Head1 ight Beam Swi tch/Dimmer and Optical Warning - (cont. ) 

SPECIFIC DATA: Continued 

Driver Preference: 
Mortimer and Post, 1973. Stal k mounting preferred. 

INTERIM SUGGESTION 

The beam switch should be on a dedicated multidirectional lever 
extending from the l e f t  side of the column or pod. There are  two 
possible modes of operation which are suitable:  (forward = h i g h  beam, 
pull towards driver = low beam, or pull towards driver t o  switch beams). 
The optical warning function and horn should be integrated. Sounding 
the horn should also flash the headlights. 



Table 39. ( con t i nued )  D e t a i l s  o f  Human Factors  Analyses of S t a l k  Con t ro l s .  

CONTROL : TURN SIGNAL 

GENERAL PRINCIPLES 

Freauencv o f  Use: 

Simmonds, 1974. L e f t :  35, R i g h t :  35, Cancel : 70 
Anacapa Sciences (1976):  Own c a r  survey:  87%; Rental  ca r  survey:  892 

Sequence o f  Use: 

J u s t  p r i o r  t o  t u r n i n g  s t e e r i n g  wheel. 

Importance o f  A c t i o n  : 

High - need t o  s i g n a l  o t h e r  d r i v e r s .  

Func t i ona l  Grouoi na : 

Assoc ia ted  w i t h  s t e e r i n g  wheel . 

SPECIFIC DATA 

Acc iden t  Evidence : 

None 

Expected Loca t i on  : 

No data  ( l e f t  s t a l k  up f o r  r i g h t  t u r n ,  down f o r  l e f t  t u r n  assumed). 

D r i v e r  Performance: 

No data .  

Problems Reported: 

Burger e t  a1 . , no data .  Anacapa Sciences (1976) : Own ca r  survey :  
l o c a t e / o p e r a t e  - 2.17.4%; Rental  c a r  survey :  1.3/2.6%. 
Low problem r a t e s  were assoc ia ted  w i t h  l e v e r  designs.  Greater  problem 
r a t e s  were r e p o r t e d  f o r  pod swi tches .  The E l s h o l z  and B o r t f e l d ,  1978 
s tudy  i n d i c a t e d  d r i v e r s  had problems w i t h  novel c o n t r o l  designs.  

D r i v e r  Pre ference : 

No data .  



Table 39. (continued) Detail of Human Factors Analyses s f  Stalk Controls. 

Control : Turn Signal (cont . )  

INTERIM SUGGESTION 

The turn signal shou7d be either a dedicated multidirectional 
lever extending from the left side of the steering column or from a 
left-side pod. The direction of operation should be up for right 
turn, down for left turn. 



Tab le  39. ( c o n t i n u e d )  D e t a i l s  of  Human Fac to rs  Analyses o f  S t a l k  C o n t r o l s .  

CONTROL : WINDSHIELD W I  PERINASHER 

GENERAL PRINCIPLES 

Frequency of Use: 

Simmonds (1974) - w i p e r ,  f i r s t  p o s i t i o n  8, second p o s i t i o n  2, o f f  10, 
washer, 3. Anacapa Sciences (1976) :  Own c a r  survey ,  11%; Renta l  c a r  
survey ,  35%. 

Sequence o f  Use : 

Wiper used a f t e r  washer i f  n o t  au tomat ic ,  g e n e r a l l y  n o t  used w i t h  
o t h e r  c o n t r o l  s  . 
Importance o f  A c t i o n :  

H igh  - pass ing  v e h i c l e  and changing weather  p a t t e r n s  can sudden l y  
obscure t h e  w i n d s h i e l d .  

F u n c t i o n a l  Grouping : 

Wiper and washer assoc ia ted .  Some a s s o c i a t i o n  w i t h  de fogger .  

SPECIFIC DATA 

Acc iden t  Evidence: 

Pe re l  (1974)  c i t e s  i ns tances  where o p e r a t i n g  t h e  w i p e r  was d i s t r a c t i n g .  

Expected L o c a t i o n  : 

McGrath (1974) .  American made sedan: U.S. - l e f t  pane l ,  European 
n a t i o n s  i n c l u d i n g  Japan - r i g h t  panel . European made sedan : Japan 
and Sweden - r i g h t  pane l ,  I t a l y  - r i g h t  s t a l k ,  UK - l e f t  pane l ,  
France - mixed.  
Anacapa Sciences (1976) .  ( l a t e r  s t u d y )  wiper /washer  - l e f t  s i d e  o f  
pane l .  
B lack ,  Woodson, and Selby (1977)  - r o u g h l y  3 o r  4 t o  1 p re fe rences  f o r  
panel  ove r  s t a l k  l o c a t i o n .  
E l s h o l z  and B o r t f e l d  (1978) l e f t  column l o c a t i o n  f o r  w i p e r  and washer 
n o t  expected.  Problems w i t h  l e f t  panel  l o c a t i o n .  

D r i v e r  Pre fe rence :  

Kuechenmeister (1974,1975). Pu t  wiper /washer  on s t a l  k .  



Table 39. (continued) Details of Human Factors Analyses of Stalk Controls. 

Control: Windshield Wiper/Washer (cont.) 

SPECIFIC DATA (cont .)  

Problems Reported: 

Burger e t  a l .  (1977); Moderate number of problems reported for find- 
ing and operating wiperlwasher . Anacapa Sciences (1976) : wiper - 
own car survey, problem locateloperate 10.1/7.3%; rental car survey - 
6.9/8.6%. Washer - owner car survey 8.6/9.9%, rental car survey - 8.31 
19.2% (somewhat greater number of problems with wiper and washer t h a n  
other controls. Reported problem rates for  multifunction controls are 
roughly equivalent t o  those of rotary knobs (panel mounted)). 
Mourant e t  a1 . (1977) : Insufficient information to draw conclusions 
about direction of operati on of wiperlwasher controls. 

INTERIM SUGGESTION 

The response time model suggests that  a right-side s ta lk  loca- 
tion would be superior t o  a l e f t  location because a right s ta lk  could 
be operated by a quick sweeping motion of that  hand. On the l e f t  
s t a l k ,  only the motions associated with twisting i t  remain uncommitted. 
To twist i t ,  the s ta lk  must f i r s t  be grasped, an additional motion. 
Problems would a r i s e ,  however, when the gear s h i f t  i s  column-mounted 
(on  the r ight  s i de ) .  ( I t  i s  suspected t h a t  two stalks on the opposite 
side of the wheel can be operated more rapidly than  two s ta lks  on the 
same s ide . )  While these questions can only be resolved by research, 
the following interim solution i s  suggested. 

When gear s h i f t  i s  col umn-mounted or floor-mounted: 

Twisting the l e f t  s t a lk  would increase the wiper speed ( o f f ,  
intermittent ,  low high). The wiper delay would be adjusted by 
twisting the middle of the s ta lk .  Pushing an end button would operate 
the washer. On the s ta lk  face would be a secondary switch for  the rear 
wiper/washer. Depressing i t  would turn on the washer. Sliding that  
switch toward the column would increase the rear wiper speed. 

When gear s h i f t  i s  floor-mounted: 

Lifting up  (towards the cei l ing)  a dedicated r ight  sta1 k would 
increase the wiper speed. Either pushing an end b u t t o n  in or pulling 
the lever towards the driver ( the  exact design i s  undecided) would 
operate the washer. The rear wiperlwasher would be a secondary switch 
on the lever face identical to  the l e f t  s talk arrangement. 







PROPOSED RESEARCH 

General Information Requi.rements 

In examining automobi l e  con t ro l s ,  the author found tremendous 
diveysi ty  i n  the  way controls  were arranged and operated. On the o ther  

hand, except for the pod and o ther  u n i q u e  controls  of Citroen products, 
the s t a l k -  and panel mounted switches found in production vehicles were 

qu i te  conventional in t h e i r  design. The author suspects there  were many 
other  novel designs t h a t  d i d  not come t o  his a t t en t ion .  

One possible source of information regarding novel control designs 

could be custom and show car  dealers  and manufacturers. I t  i s  suspected 

t h a t  they have marketed vehicles  w i t h  controls  the major auto manufacturers 

have not thought o f ,  which might be su i t ab l e  fo r  mass production. A 

second potential  source of information i s  industr ia l  designers.  One 
means of e l i c i t i n g  t he i r  ideas would be fo r  MVMA to sponsor student pro- 

j e c t s  to design "new and unusual instrument panels and con t ro l s . "  Both 
sources could be tapped fo r  f a i r l y  low c o s t .  The au tho r ' s  concern i s  
t ha t  a design standard will be developed based on exis t ing designs.  In 
many cases ,  those designs were constructed under circumstances in which 

the c r ea t i ve  t a l en t s  of the industr ia l  designers were highly constra ined.  
A good standard should both enhance dr iver  sa fe ty  and provide the cus- 
tomer with a n  a t t ract ive- looking product. 

Of  higher p r i o r i t y  a r e  several o ther  suggestions.  Cl e a r l y ,  the 

re la t ionsh ip  between control design and accident s t a t i s t i c s  can be most 

reveal ing.  The author would 1 ike  to suggest t ha t  MVMA d r a f t  a l e t t e r  to 
NHTSA encouraging t h e m  t o  update the Perel (1976) study. I t  i s  suspected 
t ha t  su f f i c i en t  accident cases have been added to the University of North 
Carol ina Highway Safety Research Center (HSRC) f i l e s  to make t ha t  data 
informative. As NHTSA has d e a l t  with HSRC before,  'NHTSA i s  in the best 
posit ion to obtain the needed information economically. 

The author a l so  suggests t h a t  a problem survey of European and 
Japanese d r ivers  be conducted t h r o u g h  ISO. L i t t l e  i s  known about the 
experiences o f  non-American dr ivers  with con t ro l s .  Survey techniques 
s imilar  t o  tha t  of  Burger e t  a l .  (1977) should be employed (where 
accidents ,  near accidents ,  and problems a r e  considered) .  However, i n  



t h i s  i n s t a n c e ,  more p r e c i s e  f requency  o f  u s e  s t a t i s t i c s  shou ld  be 

c o l l e c t e d  a l o n g  w i t h  more e x a c t  i n f o r m a t i o n  abou t  each r e s p o n d e n t ' s  

c a r .  To p e r f o r m  t h i s  s t u d y  p r o p e r l y ,  a t  l e a s t  1000 responses  pe r  

c o u n t r y  shou ld  be o b t a i n e d .  T h i s  su r vey ,  a l o n g  w i t h  t h e  o t h e r  r e s e a r c h  

proposed here,  would se r ve  as  c o n v e r g i n g  ev i dence  f o r  s t a n d a r d i z a t i o n .  

The re  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  t o  eng fnee rs  f r o m  wh ich  d r i v e r  

per fo rmance  i n  o p e r a t i n g  c o n t r o l s  can  be p r e d i c t e d .  I n  a d d i t i o n ,  i n t e r e s t  

has been expressed  i n  d e v e l o p i n g  a per fo rmance  s t a n d a r d  as an  a l t e r n a t i v e  

t o  a d e s i g n  s t a n d a r d  f o r  c o n t r o l s .  T h e r e f o r e ,  t h e  a u t h o r  proposes a  

s e r i e s  o f  s p e c i f i c  expe r imen t s  t o  d e t e r m i n e  t h e  paramete rs  o f  t h e  response  

t i m e  model i n  t h e  p r e v i o u s  s e c t i o n .  T h i s  s e r i e s  was d e s c r i b e d  some- 

what  more b r i e f l y  i n  t h e  p roposa l  s u b m i t t e d  t o  MVMA f o r  t h e  1979-1 980 

f i s c a l  yea r  (HSRI, 1 9 7 9 ) .  O f  t h e  p r o j e c t s  proposed he re ,  t h i s  one has 

t h e  h i g h e s t  p r i o r i t y .  The o n l y  o t h e r  c u r r e n t  o u t 1  i n e  o f  a u t o m o t i v e  con-  

t r o l  d e s i g n  r e s e a r c h  r e q u i r e m e n t s  appears  i n  B l a c k ,  Woodson, and Se l  by 

(1 977) .  Some o f  t h e  a u t h o r ' s  p r o p o s a l s  a r e  s i m i l a r  t o  t h o s e  o f  B l ack ,  

e t  a l .  

Seve ra l  s t a l k  c o n t r o l  c o n f i g u r a t i o n s  s i m i  l a r  t o  t h o s e  n o t e d  i n  

t h e  hardware  s u r v e y  ( ( l L ) ,  ( l L , l R ) ,  ( 2L , lR ) ,  ( 2 L ) ,  ( 1 L Y 2 R ) )  w i l l  be 

examined i n  c o n j u n c t i o n  w i t h  b o t h  f l o o r  and c o l  umn-mounted t r a n s m i s -  

s i o n  s h i f t  l e v e r s .  A l so ,  f o r  compar ison  purposes ,  "pod- type"  c o n t r o l s  

w i l l  be e v a l u a t e d ,  though  n o t  e x t e n s i v e l y .  I t i s  e n v i s i o n e d  t h a t  a  

few v a r i a t i o n s  f o r  each c o n f i g u r a t i o n  w i l l  be c o n s i d e r e d  ( e  .g. , 
w i p e r  = t w i s t  away, d im  = push l e v e r  away vs .  d im = t w i s t  away, 

w i p e r  = push l e v e r  away) .  The s p e c i f i c  v a r i a t i o n s  s e l e c t e d  w i l l  depend 

on hardware  a v a i l a b i l i t y .  

Exper iment  1  - P o p u l a t i o n  S t e r e o t y p e s  

Two paramete rs  i n  t h e  movement- t ime r e l a t i o n s h i p  r e f 1  e c t  c o n t r o l  - 
response  c o m p a t i b i l i t y .  These paramete rs  a r e  n o t  o n l y  i m p o r t a n t  i n  t h e i r  

own r i g h t  f o r  t h e  d e f i n i t i o n  o f  t h e  model,  b u t  I S 0  has a l r e a d y  t a k e n  t h e  

p a t h  o f  i n c l u d i n g  p r e f e r r e d  d i r e c t i o n s  o f  o p e r a t i o n  i n  S tandard  4040. 

S u b j e c t s  w i l l  be shown e i t h e r  d raw ings  o f  an i n s t r u m e n t  panel  w i t h  

column-mounted s t a l k  c o n t r o l s  o r  a  sandwich board  s i m i l a r  t o  t h a t  o f  

B l a c k ,  Woodson, and Sel  by ( 1 9 7 7 ) .  P i l o t  r e s e a r c h  now schedu led  w i l l  i n d i -  

c a t e  t h e  b e s t  method.  For  each c o n t r o l  c o n f i g u r a t i o n  ( s i n g l e  l e f t  s t a l k ,  

one l e f t  and one r i g h t  s t a l k ,  e t c . ) ,  s u b j e c t s  w i l l  be asked t o  s t a t e  how 

f u n c t i o n s  shou ld  be ass i gned  t o  s t a l k s  and how t h e y  shou ld  o p e r a t e .  



Funct ions  f o r  which d i r e c t i o n  o f  o p e r a t i o n  s te reo types  w i l l  be c o l l e c t e d  

i n c l u d e :  beam sw i t ch ing ,  w ipe r  washer ( b o t h  f r o n t  and r e a r ) ,  horn, 

o p t i c a l  warning and c r u i s e  c o n t r o l ,  among o thers .  I n  a d d i t i o n ,  s u b j e c t s  

w i l l  be asked t o  s t a t e  which o f  severa l  s t a l k  c o n f i g u r a t i o n s  and c o n t r o l  

designs they  p r e f e r  (e.g., shou ld  t h e  dimmer be a  p u l l / p u l l  o r  push/ 

p u l l  s w i t c h )  . 
As Anacapa Sciences (1976) has shown, long- te rm exper ience has an 

impor tan t  i n f l u e n c e  on p o p u l a t i o n  s tereotypes.  Whi 1  e  s tudents  a r e  e a s i e r  

t o  o b t a i n ,  t h e y  l a c k  exper ience w i t h  a  w i d e l y  v a r y i n g  range o f  veh i c les .  

Consequently, emphasis w i l l  be p laced on sampl i n g  t h e  d r i v i n g  p o p u l a t i o n  

as a  whole. 

P o t e n t i a l  t e s t  p r o t o c o l  s  i n c l u d e  1  abo ra to ry  and f i e 1  d  procedures. 

P o t e n t i a l  f i e l d  s i t e s  i n c l u d e  shopping cen te rs  and t h e  Rouge P l a n t  (as 

p a r t  o f  " t h e  I n c r e d i b l e  Ford  Fac to ry  Tour" ) ,  T h i s  approach has been 

used p r e v i o u s l y  w i t h  success (Jack, 1972). I t  i s  hoped t h a t  Ford would 

be w i l l i n g  t o  cooperate i n  such an experiment. 

Experiment 2 - Movement Time 

A second s e t  o f  s t u d i e s  w i l l  a t t emp t  t o  f u r t h e r  spec i fy  t h e  move- 

ment-t ime parameters and t h e  parameters assoc ia ted  w i t h  a c t i v a t i n g  

va r i ous  k inds  o f  c o n t r o l s .  Sub jec ts  w i l l  beg in  w i t h  t h e i r  hands r e s t i n g  

on t h e  s t e e r i n g  wheel, Two types o f  exper iments w i l l  be performed. I n  

t h e  f i r s t ,  s u b j e c t s  w i l l  reach a  v a r i e t y  of s h o r t  d i s tances  t o  t a r g e t s  

under c o n d i t i o n s  o f  f i x e d  t a r g e t  s i z e  (e.g., reach t o  a  one- inch t a r g e t  

f i v e  inches away). Time and e r r o r  da ta  f o r  t ouch ing  t h e  t a r g e t  i n  

response t o  v i s u a l  cues will be c o l l e c t e d .  The exper iment  w i l l  be 

c o n t r o l  l e d  and t i m i n g  measured by  a  minicomputer  ( D i g i t a l  Equipment 

Corpo ra t i on  LSI-11) .  P r e l  i m i n a r y  design work on a  s p e c i a l  computer- 

compat ib le  response dev i ce  f o r  t h i s  purpose has been completed and the  

design i s  undergoing r e v i s i o n .  

I n  t h e  second k i n d  o f  exper iment ,  sub jec ts  w i l l  be asked t o  reach 

f o r  s p e c i f i c  k i nds  o f  c o n t r o l s  and opera te  them ( f o r  example, r o t a r y  

knobs, push bu t tons ,  t o g g l e  swi tches,  e t c . ) .  T h i s  second s tudy  w i l l  

he lp  es t ima te  values f o r  t h e  grasp ing  t ime  f o r  each k i n d  o f  c o n t r o l  and 



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

n o t  o n l y  w i l l  movements be r e c o r d e d  by  computer ,  b u t  t h e y  w i l l  be v i d e o -  

t aped  as  w e l l .  The purpose  of t h i s  s t u d y  i s  t o  f u r t h e r  deve lop  t h e  

f u n c t i o n a l  r e l a t i o n s h i p  between movement t ime ,  d i s t a n c e ,  accu racy ,  and 

s p e c i f i c  c o n t r o l  des i gns  ( F i t t s ,  1954; F i t t s  and Pe te r son ,  1 9 6 4 ) .  I n  

a d d i t i o n ,  e s t i m a t e s  o f  movement t i m e  f rom t h e  v i d e o t a p e s  w i l l  be com- 

pared  w i t h  t h o s e  from s e v e r a l  p rede te rm ined  t i m e  systems deve loped  by 

i n d u s t r i a l  eng inee rs  (Green, 1979; Maynard, 1971)  and w i t h  v a l u e s  ob- 

t a i n e d  f r om  s p e c i f i c  s t u d i e s  o f  c o n t r o l s  (Lanterman,  Schul  t z ,  and Douglas,  

1962; Lanterman, S i e g e l ,  and S c h u l t z ,  1972; S c h u l t z  and S i e g e l ,  1962; 

S i e g e l  and S c h u l t z ,  1962; S i e g e l ,  Schul t z ,  and Lanterman, 1 9 6 2 ) .  I n  

a d d i t i o n ,  an  a t t e m p t  w i l l  be made t o  model t h e  l e a r n i n g  p rocess .  

For  t h i s  exper iment ,  t h e  a u t h o r  would p r o b a b l y  use  s t u d e n t  s u b j e c t s  

o n l y .  Add ing  age t o  t h e  model c o u l d  doub le  o r  t r i p l e  t h e  sample s i z e  

r e q u i r e d .  

Exper iment  3 - F i n a l  T e s t  

F i n a l l y ,  a  t h i r d  s e t  o f  s t u d i e s  w i l l  be c o l l e c t e d  i n  wh i ch  d r i v e r s  

w i l l  r e a c h  f o r  c o n t r o l s  on i n s t r u m e n t  pane l  mockups. T h e i r  p r i m a r y  t a s k  

w i l l  be t o  p e r f o r m  a  t r a c k i n g  t a s k  s i m i l a r  t o  t h a t  o f  s t e e r i n g  an a u t o -  

m o b i l e .  C o n c u r r e n t l y ,  s u b j e c t s  w i l l  be shown t h e  names o f  f u n c t i o n s  

e i t h e r  on s l i d e s  o r  a  ca thode - ray  t ube  and w i l l  be asked t o  o p e r a t e  

t h o s e  f u n c t i o n s  as r a p i d l y  and as a c c u r a t e l y  as p o s s i b l e .  F o r  example, 

t h e  words " h i g h  beam" wou ld  appear  and t h e  s u b j e c t ' s  t a s k  wou ld  be t o  

t u r n  on h i g h  beam f u n c t i o n .  The expe r imen t  w i l l  be c o n t r o l l e d  by a  

m in i compu te r .  Response t ime ,  e r r o r s ,  and p o s s i b l y  measures o f  eye -o f f -  

t he - road  t i m e  and t r a c k i n g  per fo rmance  w i l l  be c o l  l e c t e d .  I n  a d d i t i o n ,  

g r e a t  c a r e  w i l l  be used i n  exam in i ng  l e a r n i n g .  The s u b j e c t s  

w i l l  c o n s i s t  o f  a  w ide  range  o f  d r i v e r s  o b t a i n e d  f r o m  t h e  Ann A r b o r  

communi t y  . 
Ref inement  o f  t h e  response  t i m e  i ndex  c o e f f i c i e n t s  i s  p a r t  o f  t h e  n e x t  

phase and w i l l  be d e s c r i b e d  i n  f u t u r e  r e p o r t s .  To a s s i s t  HSRI i n  

d e v e l o p i n g  t h e  r e s e a r c h  p l a n  j u s t  desc r i bed ,  t h e  r e l e v a n t  b a s i c  r e s e a r c h  

was sampled. Key documents a r e  l i s t e d  be low f o r  MVMA gu idance.  A  

number r e l a t e  t o  more t h a n  one phase o f  c o n t r o l  o p e r a t i o n .  



REACTION TIME 

Beggs, Graham, Monk, Shaw and Howarth, 1962 

B r a i n a r d ,  I r b y ,  F i t t s  and A l l u i s i ,  1962 

F i t t s  and De in inge r ,  1954 

F i t t s  and S e e g e r ,  1953  

Frowein and S a n d e r s ,  1978 

Hi 1 g e n d o r f ,  1969 

Kamlet and B o i s v e r t ,  1969 

Pachel  1 a ,  1974 

Poul t o n ,  1956 

Smi th ,  1968 

Symi ng ton ,  1971 

Te i chne r  and Krebs, 1972 

Topmi 1 l e r  and Sha rp ,  1965 

Wade, Newel 1 and Wall a c e ,  unda ted  

MOVEMENT TIME 

B a t t i g ,  1954 

Bi 1 odeau ,  1954 

Beggs and Howarth, 1972 

Brown, Knauf t ,  and Rosenbaum, 1948 

Brown and S l  ater-Mamrnel , 1949 

Ca r ron ,  1971 

Dav i s ,  Wehrkamp, and Smi th ,  1951 

F le i shman,  1958a ,  b 

Gl e n c r o s s ,  1972 ,  1973 

M .  Green and Muckler ,  1958 

H e r b e r t ,  1957 

Kerr  and Lango f f ,  unda t ed ,  1977 

Knight  and Dagna l l ,  1967 

Kval s e t h ,  1976 

Looc kerman and Berger  , 1972 

Robinson and Leifer, 1967 
Semjen and Requin,  1976 

S i d d a l l  , Holding ,  and Drape r ,  1957 

Smi th ,  1968 

Wall a c e ,  Newel 1 , and Wade, 1978 



ACTUATION T I M E  

Bradley and Stump, 1965a, b 

Bradley and Wallis, 1958a, b 

Jenkins,  1947 

Lanterman, Siegel and Schul t z ,  1962a, b 

Mehr and Mehr, 1971, 1973 

Muckler, 1961 

Schul t z  and Siegel , 1962 

Schul t z ,  Siegel and Lanterman, 1962 

Sharp and Hornseth, 1965 

Siegel and Schul t z ,  1962 

Siegel , Schul t z  and Lanterman, 1962 

- 
In t h i s  report  the research on the design of automobile controls  

focusing on mu1 t i  funct i  on controls  has been reviewed. The research 

indicates  t h a t  dr ivers  experience d i f f i c u l t i e s  in operating and 1 ocating 

cont ro ls ,  especial ly  when they a r e  more than f ive  inches from t h e i r  

expected locat ion.  Most of the previous research has emphasized panel - 
mounted controls .  To expand t h a t  data base and provide engineers with 

a means to  compare a1 t e rna t i  ve mu1 t i  function control designs, a model 

to predict response time for  controls  i s  offered.  Also described i s  the 

research necessa.ry to va l ida te  tha t  model. I t  i s  important tha t  vehicle 

controls  be safe  and easy to operate .  The means to precisely determine 

such i s  within reach. 
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Anacapa Sciences, SAE Study of Vehicle Controls Location, Anacapa 
Sciences progress report 182-11, Santa Barbara, C A Y  March 1974. 

This study reports eight d i f ferent  investigations. Two surveys 
of problem incidence were conducted. I n  a large f i e ld  study 1140 
drivers were queried concerning d i f f i cu l t i e s  in using 20 di f ferent  
controls. In a related survey, 342 rental car  drivers were asked 
about 21 controls . Those studies revealed drivers experienced 
di f f icul ty  in locating and operating a number of the controls includ- 
ing the vent, dimmer, climate, f lasher ,  wiper, horn controls and so 
for th .  There were substantial differences i n  problem report rates as 
a function of control design. In addition, frequency of use data were 
co 1 1 ec ted . 

In another s e t  of studies expectancies were obtained for  control 
location. I n  one case 100 drivers were asked about seven controls 
in thei r  own cars ,  and i n  another 98 drivers.  The resul ts  of those 
studies are presented as d o t  density diagrams. Most important was 
the finding that  drivers expect that  the headlights onloff and wiper/ 
washer switches will be on the l e f t  side of the instrument panel. 

From 28 drivers recall data for  controls in the i r  own cars were 
obtained. Typically three t o  f ive  inch errors were found. 

Finally, 53 d i f ferent  vehicles were examined i n  regards t o  the 
location of  ten di f ferent  controls . Somewhat standardized were the 
1 ocations reported for  the head1 i g h t  onloff.  switch 
( l e f t ) ,  the radio ( r i  h t ) ,  the d imer  switch ( f l o o r ) ,  the l ighter  
( r i g h t ) ,  the f lasher 4 r ight  side of the column), and ignition ( r igh t  
side of col u m n )  . Other controls were f a i r l y  diverse in the i r  loca- 
t i o n .  

Finally, two performance studies were conducted. In the f i r s t ,  
24 drivers located eight controls on s l ides  from 30 d i f ferent  vehicles. 
In a followup study 12 drivers located 20 controls while driving one 
of three cars (one of which was thei r  own). There was good agreement 
between the 1 aboratory and the performance. Finding controls in 
expected locations sharply reduced response time w i t h  f i r s t  t r i a l  
response times averaging roughly two seconds. Also, labeling had a 
powerful ef fect  on dr ivers '  ab i l i ty  t o  locate controls with the 
absence of label ing tr ip1 ing error ra tes ,  



Anacapa Sciences. "Driver Expectancy and Performance in Locating 
Automotive Controls. I' Society of Automobile Engineers Speci a1 
Pub1 ication SP-407, February 1976. 

This report summarizes a ser ies  of studies done for  the SAE 
Human Factors Engineering Committee. In the f i r s t  study 1140 motorists 
were surveyed as t o  what  problems they encountered in finding and 
operating controls in the i r  own cars.  An additional 342 were asked 
about rental cars.  Problem incident rates are presented for  roughly 
20 controls in both cases. Presenting the greatest  d i f f icul ty  were 
the vent, horn and climate controls a1 though d i f f i cu l ty  was also 
experienced with the 1 ighter, dimmer, parking brake and washer controls 
among others. Also obtained were commonality data for  control location 
in 77 US and 38 1973 foreign cars.  

In a second s e t  of studies,  several methodological issues were 
examined. Using both paper and  pencil,  and in-car methods 100 
motorists indicated where they expected t o  find 7 controls. The resul t -  
ing distr ibutions were very similar .  

To assess the i r  ab i l i t y  t o  remember control locations,  28 drivers 
were asked t o  recall where 7 controls were located in the i r  own cars.  
Whi 1 e the recall method appeared promi sing,  1 imi ted resources pre- 
vented i t  from being explored more fu l ly .  

In a third study 24 drivers were shown sl ides of  the instrument 
panels from 30 vehicles. The time t o  locate (touch the screen) 
8 controls were collected. In parallel with th i s  study location time 
for  20 controls were obtained in 3 d i f ferent  vehicles for 1 2  drivers.  
Overall the 2 methods yielded similar findings. Conclusions regarding 
the role of numerous interacting variables (sex, age, vehicles, 
1 abel i  ng , prior expectation, e t c .  ) were drawn. 

In a 1 arger study, control 1 ocation expenctancies were obtained 
from 1768 drivers for 14 controls. Based on t h a t  information, 2 
vehicles were modified such t h a t  30 systemtically varied arrangements 
of 8 controls in one and 15 arrangements i n  the othere were obtained. 
Control location times and errors were calculated. I n  general , these 
d a t a  showed t h a t  performance did not  suffer  as long as a control of 
in teres t  was within 5 or 6 inches of i t s  expected location. 

Finally, based on a l l  of these data, suggestions for the loca- 
t i o n  of several controls are offered. 



T.L. Black, W.E. Woodson, and P.  H. Shelby. "Development of 
Recommendations to Improve Control s Operabi 1 i ty . " U .S. Department 
of Transportation report DOT-HS-803-456, final rep0r.t of contract 
DOT HS-6-01445, Washington, D. C. , November 1977. 

Automobile driver controls 1 ocations and operational modes and 
expectancies were studied in order to develop recommmendations for 

modifying Federal Motor Vehicle Safety Standard No. 101. Study phases 

included: (1) a field investigation of driver controls operation 
a 

expectancies; (2) derivation and review of proposed rule-making 
recommendations ; (3) analysis of current control option provisions in 

domestic and foreign vehicles ; and (4) preparation of recommendations 
for modification/improvement of FMVSS No. 101 and future research 
standards. Results include: (1) the analysis of control operation 

expectancy data to support speci fi c reommendations for improved 
driver-control s interface; (2) the identification of several areas 
for rul e-making in which current information is inadequate; (3) develop- 

ment of a preliminary draft of a modified standard relative to FMVSS 

No. 101; (4) the application of human engineering principles to 
identification, location, operation and illumination for automobile 

controls; and (5) recommendations for needed research to enlarge the data 
bank. 

(author supplied abstract) 



William J .  Burger, Russell L .  Smith, John E.  Queen, and Graham B .  
Slack. Accident and Near Accident Causation: The Contribution of 
Automobile Design Characteristics. U.S. Department of Transportation 
report DOT-HS-802-714, final report of contract DOT-HS-5-01216, 
Washington , D .  C .  , November 1977. 

A study was conducted t o  (1) determine the frequency and 
severity of driverlvehicle design mismatch problem contribution to 

accidents and near accidents, ( 2 )  related driver and vehicle charac- 

t e r i s t i c s  to  severity and frequency of problems experienced by drivers,  

( 3 )  develop and validate the method used to  measure mismatch problems, 

and ( 4 )  identify vehicle design countermeasures which would reduce 

problem frequency or severity. Based u p o n  recommendations by experts, 

1 i terature reviews, focus panels and preliminary question t es t ing ,  

five di rect  mail questionnaires were developed and p i lo t  tested on a 

sample of 800 U .  S ,  Government employees. Resul t s  were analyzed and a 

modified questionnaire recommended for  a large scale survey of drivers. 

The questionnaire contained questions on vision , controls , steering,  

braking, shi f t ing,  and seating. Subsequently, a d i rect  mail survey 

was conducted by three private ins t i tu t ions  which surveyed 10,000 

drivers from California and New Hampshire. The 3500 returns c i t ing 

1691 near accidents or  accidents for  various mismatch questions were 

analyzed by driver and vehicle demographic variables. Results strongly 

indicate that  the survey approach i s  valid and that  driverlvehicle 

design mismatch problems are not  t r iv ia l  as contributors or  causes of 

accidents. Most frequent and  severe problems experienced are vision 

related,  e .g. ,  oncoming head1 ight glare,  window obscuration due t o  

weather, and mirror information and glare. Steering and braking problems 
were also s ignif icant .  Driver height, age, weight, sex, experience and 

exposure, and vehicle age, s ize ( type) ,  a n d  model are uniquely related 

t o  specif ic mismatch problems experienced. 

(author suppl ied abst ract )  



Donald W .  Conover, Wesley E.  Woodson, Peter H. Sel by, & Gerald E. 
Miller. Location, Accessibility & Identification of Controls & 
Displ ays in 1969 Passenger Automobi 1 es . Society of Automotive 
Engineers paper '690458, Warrendal e PA, 1969. 

A human engineering survey of the control/display arrangements 

in 1969 passenger automobiles was conducted under contract t o  the 

National Highway Safety Bureau. Survey rat ionale,  methodology, and 

prel iminary findings are presented. Marked variabi 1 i  ty was noted 

between various control/display arrangements and certain important 

driver compartment dimensions. This and other findings suggest need 

for development of human engineering design c r i t e r i a  against which 

t o  base future design standards for  the driver vehicle interface. 

(author suppl ied abst ract )  

Joachim Elsholz and Manfred Bortfeld. "Investigation into the 
Identification and Interpretation of Automotive Indicators and 
Control s . " Society of Automotive Engineers paper 780340, 
Warrendale PA, 1969 

The identif icat ion of present indicators and controls were tested 
in several ser ies  with 100 subjects having varied demographic back- 

grounds and thei r  statements evaluated as t o  the individual technical 
functions. I n  t e s t s  with another 50 persons, we measured the learn- 
ing effects  as functions of both the individual labels and the various 
demographic groups. Evaluation of  these t e s t  series shows the 
infl uence of the different  demographic data among the persons tested. 

With 150 subjects tested i n  European cars the dr iver ' s  expectations as 
t o  where a specif ic control i s  located and what specif ic manipulation 
he associates with th i s  control was investigated. 

(author supplied abstract)  



A.S. Faust-Adams & R.J. Hagel. "Choice Reaction Time and Location 
of Vehicle Controls." Perceptual & Motor Sk i l l s ,  1975, - 40,  181-186. 

The reaction time of 24 nondriver Ss was measured t~ six  con- 
t r o l s  in each of two cars ,  one with an "American" s ty le  layout, the 

other with a "European" s ty le  layout. Ss uniformly reached for  and 

touched the controls in the European s ty le  car f a s t e r ,  a finding which 

has imp1 ications for  the design and layout of motor-vehicle controls. 

Implications of the further finding t h a t  reactions t o  immediately 

repeated stimuli were uniformly fas te r  are also mentioned, 

(author supplied abst ract )  

R . L .  Fo~iler ,  W . E .  ~~ l i l l i ams ,  11.G. Fowler ~ n d  D . D .  Youn?. "An Iilvcsti- 
gation of the Relationship Between Operator Performance and Operator 
Panel Layout fo r  Continuous Tasks." U.S. Air Force Aerospace Medical 
Research Laboratory technical report AMRL-TR-68-170, Wright- 
Patterson A F B  , Ohio , December 1968. 

This study defined and evaluated four principles of control panel 
layout: sequence of use, functional grouping, optimum location by 
frequency of use and optimum location by importance. The four princi- 
ples were evaluated by factorial  experiments which included s t ress  
conditions and three levels of application of each of the arrangement 
principles. Systematic procedures for  applying each principle in the 
layout process were developed. Analysis of the f inal  t r i a l s  indicated 
t h a t  when optimized, sequence of use legds t o  consistently superior 
performance. Stress di srupts performance on control panels layed o u t  
on the basis of optimum location by frequency of use and on the basis 
of optimum location by importance of use, b u t  not on panels where 
the layout principles sequence of use and functional grouping were used. 
Practical applications of the data to the panel design process are 
offered. 

(author suppl ied abst ract )  



I n t e r n a t i o n a l  Standards Organ iza t i on .  Ergonomi c  Assessment o f  Cont ro l  
Layouts i n  Cars. I n t e r n a t i o n a l  Standards Organ iza t i on  document 
ISO/TC22/SC13/WG3 (Simmonds-3)x,  Geneva, 1975. 

Th i s  document p resents  an a n a l y s i s  which es t imates  the  t o t a l  

number of confusions t h a t  cou ld  r e s u l t  f rom s i x  c o n t r o l  c o n f i g u r a t i o n s .  

Those con f i gu ra t i ons  were proposed by IS0  delegates . T o t a l  e r r o r  

scores were computed by mu1 t i p l y i n g  t h e  r a t e d  confusab i  1  i ty  o f  c o n t r o l  

design p a i r s  (Simmonds'own s u b j e c t i v e  va lues)  by t h e  f requency of 

use f o r  each c o n t r o l  and then summing over  c o n t r o l  p a i r s .  The 

r e s u l t i n g  a n a l y s i s  favors column mounting o f  c o n t r o l s  over  i ns t rumen t  

panel mounting . 

I n t e r n a t i o n a l  Standards Organ iza t i on .  Resu l ts  o f  J o i n t  WG 2  + 3 
Survey o f  Con t ro l  Use, international Standards Organ iza t i on  document 
ISO/TC22/SC13/WG3 (Simmonds-5)46, - Geneva, 1976. 

T h i s  document summarized t h e  r e s u l t s  o f  an IS0 survey on c o n t r o l  

use. I n  t h e  f i r s t  two quest ions  IS0 de legates  were asked t o  r a t e  on 

a  s c a l e  f rom 1 t o  10 t h e  need f o r  immediate a c t i o n  and t h e  danger 

from i n a d v e r t e n t  o p e r a t i o n  o f  16 c o n t r o l s .  The horn ,  w ipe r ,  t u r n  

s i g n a l  and dimmer s w i t c h  were a11 vo ted as needing immediate a c t i o n .  

E r r o r s  due t o  i n a d v e r t e n t  o p e r a t i o n  o f  t he  p a r k i n g  brake re lease ,  main 

1  i g h t  sw i t ch ,  dimmer, t u r n  s i g n a l  , hand re lease ,  and s e a t  be1 t re lease  

were thought  t o  be s i g n i f i c a n t .  I n  a d d i t i o n ,  p resented a re  f requency 

o f  use data  f rom f i v e  sources and d u r a t i o n  o f  use f rom th ree .  



International Standards Organization. Mu1 t i  function Control Base 
Sys tem Comparison. International Standards Organization document 
ISO/TC22/SC13/WG3(Schwarz-6)47, Geneva, November 1975. 

An eval uation was conducted to compare driver performance using 

a mu1 t i  function control with a base (production) system. Measurements 
included response time, errors and subjective ratings of ease of 
operation. In i t i a l  response time and error data favored the base 
system, however, by the fourth t r i a l  there are  no "pract ica l"  
differences between sys tems . Subjective ratings are  highly favorable 
to col umn-mounted washer/wiper/dimmer. 

(author supplied abst ract )  

International Standards Organization. IS0 Survey on Controls Mounted 
Near the Steering Wheel, International Standards Organization document 
ISO/TC22/SC13/WG3 (Simmonds-9) - 55, Geneva, 1976. 

Experts belonging t o  Working Group 3 were asked to respond to 
three questions: 1)  Which controls should be located close to the 

steering wheel? 2 )  Which functions should be combined on the same 
mu1 tifunction control? 3) Which modes of operation should be used 
for  each function? 

The responses of those experts were t a l l i ed  using a complicated 
voting procedure i n  which each nation belonging t o  Working Group 3 

received 10 votes per question. The experts concl uded that  the 
beam switching, acoustic horn, wiper switch, turn s ignal ,  and optical 
horn controls must be close to the steering wheel. Headlights on/off 
and cruise controls may be close. The parking brake release must not 
be close. They a1 so concluded that  beam switching, optical horn, 
acoustic horn, and wiper/washer may be grouped on the same control.  
Some agreement was reached as t o  how these controls should operate. 



Henry S.R. Kao, Thomas B .  Malone, and Richard L .  Krumm. "Human 
Factors Analysis of Current Automobile Control/Display Characterist ics,  " 
Society of Automotive Engineers paper 720204, Warrendal e PA, ' 1972. 

This paper reports an analysis of the degree of control/display ( C / D )  

standardization in location,  operation, and coding character is t ics  for  

1971 automobiles, For C/D location commonal i t y ,  between-manufacturer 

and within-manufacturer and between-car-type designs were compared. For 

operation and coding analysis ,  a selected group of C / D  was used. With 
90% of domestic and 76% of imported cars surveyed, a great va r iab i l i ty  

of C / D  designs was found fo r  a l l  three measures. The second par t  of 
the study experimentally evaluated four a1 ternate  control concepts fo r  
passenger car three-beam head1 ight systems. 

(author suppl i ed abst ract )  

P .  Robert Knaff. Man-Machine Compati b i l i  ty :  A Highway Safety 
Essential . Proceedings of the 2nd International System Safety 
Conference, 1975, p p ,  242-251. 

This paper reviews several studies funded by the National Highway 

Traff ic  Safety Administration in the l a t e  60's and early 70 ' s .  

Particular questions examined include: 

a )  the forces t ha t  drivers can exert  to  operate foot brakes 

b )  the role tha t  control location plays in the time to find 

and operate a control (Krumm e t  a l . ,  1972) 

c )  a Man Factors, Inc. study of factors affecting seat  

be1 t comfort 



R . L .  Krumm. "Effects of Passive Restraint System Design on Horn 
Control Location and  the Location and Operabi 1 i  ty of S t a l  k-Mounted 
Controls . " U .S .  Department of Transportation report DOT-HS-801-232, 
final report of contract DOT-HS-120-3-679, Washington, D. C., 
September 1974. 

This study was developed t o  assess possible effects of wheel - 
mounted passive restraint systems upon control and display 1 ocations 

and t o  determine the current status of stalk-mounted, multi-function 

controls and their  operability. Analytic, experimental, and interview 

methods were employed. Physical measurement of a wheel-mounted 

passive restraint system indicated a potential loss in usable panel 

area ranging from 30-70% depending on vehicle size. Experiments 

using more than 330 drivers indicated significantly slower reaction 

times were t o  be expected for stalk-mounted horn controls or headlight 

dimmer controls. Interviews with nearly 400 drivers of foreign auto- 

mobiles were analyzed in terms of various stalk control configurations . 
Sixty-one di fferent combinations of controls and stal  ks were identi fied 

among 25 vehicle makes. Rated difficulty in locating a desired control 

and reported errors in activating a second control instead of or in 

addition t o  the desired control varied, depending on the number of 

stalks and  the number of controls per stalk and the types of controls. 

Interaction effects were also noted for type of transmission control. 

I t  was concluded that despite the apparent overabundance of  stalk 

control configurations insufficient data are available t o  support 

standardization recommendations a t  this time. 

(.author supplied abstract) 



T.J. Kuechenmeister. Driver Adaptabil i t y  and  Acceptance of a Mu1 t i -  
function Control . Society of Automotive Engineers paper 741 001 , 
Warrendal e,  PA,  1974. 

This paper reports the results of a two-phase study of  steering 
column mounted mu1 t i  function controls. A modified Mercedes Benz mu1 t i -  
function control (MFC) unit was installed in a 1972 Chevrolet station 
wagon. Control functions included were turn signals, washer, wiper, 
head1 ight dimmer, and optical horn. 

Phase 1 of the study investigated response time, error rates,  
and learning for this particular MFC. Phase 2 investigated subjective 
preferences, comparing the MFC with conventional controls and comparing 
alternative functions for inclusion i n  an "ideal" MFC unit. 

High error rates were found for f i r s t  time use; however, subjects 
quickly learned t o  operate the unit with performance comparable t o  a 
representative panel control . Subjecti ve responses were highly favor- 
able t o  the concept. 

(author supplied abstract) 



James J .  McGrath. Analysis of the Expectancies of European Drivers and 
the Commonal i ty of Automotive Control Locations i n  European Cars, 
Anacapa Sciences Technical Memorandum 247-1, General Motors #P .0. 
DS 57068, Santa Barbara, C A ,  September 1974. 

This report contains analyses of the expectancies of European 
drivers ( incl  uding Japanese drivers)  for  automotive control 1 ocation 
and the commonal i ty of control 1 ocations for  European automobiles . 
The original data were collected by the International Standards 
Organization and forwarded to  Anacapa through the Design Staff Human 
Factors group of General Motors. Drivers i n  the United Kingdom, France, 
Sweden, I ta ly  and Japan were shown two sketches of automobile in ter iors  
(one American made car and one foreign car)  and asked t o  mark where 
they would expect to find eight controls. Drivers expected controls 
to  be located in European and American cars in roughly the same places 
when they were left-hand drive. Specifically expectancies were obtained 
for  the 

headlights on/off - (American and others - l e f t  on instrument 
panel, French & I ta l ian  drivers - stalk-mounted), 

wiper and washer - (no central i ze8 expectancy pattern for  
European drivers)  , 

l igh te r  - (instrument panel or  console mounting), 

defroster - ( r igh t  of steering column), 

hazard f lasher - (American drivers - mostly co1 umn-mounting b u t  
4 out of 10 expect panel mounting, European 
drivers - 9 o u t  10 expect panel mounting), 

ignition - (generally t o  be mounted t o  the r igh t )  

horn - (mounted on steering wheel except for British and French 
drivers who expect s ta lk  mounting). 

Commonal i ty data were col lected by asking representatives of 
several European manufacturers t o  indicate on sketches where control s 
were located in the i r  products. 

Controls were located as follows: 

headlight switch - (almost always on l e f t  panel in American ca rs ,  
i n  more varied locations i n  European c a r s ) ,  

wiper and washer - (panel-mounted in half o f  European cars and 
s ta l  k-mounted i n  others)  , 

l ighter  - ( r igh t  side i n  a l l  left-hand drive c a r s ) ,  

defroster control - ( r igh t  side of instrument panel) ,  

ignition control - ( r igh t  s i d e ) ,  

hazard switch - (American cars - r ight  side of column, 
European cars - panel -mounted). 



Thomas B. Malone, Richard L. Krumm, Sheldon Shenk, and  Henry Kao. 
"Human Factors Criteria for Vehicle Controls a n d  Displays. " U.S.  
Department of Transportation report DOT-HS- 800-746, final report 
of contract DOT-HS-120-1-174, Washington, D. C .  , September 1972. 

This study was directed toward developing valid c r i t e r i a  for the 

standardization of control and display location, coding, and operation 

in passenger cars,  trucks, and buses. Five tasks were accompl ished. 

Task 1 comprised an  analysis of the commonality of control -display 

design arrangements in existing vehicles, and an assessment of the 

degree of the nonstandardization problems. Tasks 2 and 3 were directed 

toward developing c r i t e r i a  for C / D  location and coding/operation 

respectively. Task 4 involved a study of 3 beam headlamp system con- 

t ro l  concepts. Task 5 comprised a n  experimental program to support 

Tasks 1, 2 and 3. 

(author supplied abstract)  



Lorna Middendorf, Patrick W .  Dineen and Stefan Habsburg. Human 
Factors Eva1 uation of Head1 ight Switching Systems. Society of  
Automotive Engineers paper 740998, Warrendal e ,  PA, 1974. 

A search for methods s f  switching a proposed three beam head- 
light system led t o  the evaluation of 41 possible schemes. Human 
factors cr i ter ia  reduced the original 41 t o  three systems which were 
tested in a 1 aboratory with a broad range of subjects . 

Recordings of practice t r i a l s ,  learning t r i a l s ,  a n d  the 
responses t o  visual cues projected on a screen were analyzed. The 
same tes t  procedure was also used t o  compare three a1 ternative ways 
of switching conventional two beam head1 ight systems. Summary data 
i s  presented for the six systems tested grouped by tes t  subject age, 
sex, and driving experience. The most pronounced difference observed 
was in the subjective preference rating among two beam switching 

systems. All systems tested resulted in remarkably few learning and 
practice t r i a l s  . Small differences were recorded among systems in 
operational response time. 

(author supplied abstract) 



R. G. Mortirner and D. V .  Post .  I n v e s t i g a t i o n  of Sw i t ch ing  Modes f o r  a  
3-beam Headlamp System. U n i v e r s i t y  of Michigan,  Highway S a f e t y  Research 
I n s t i t u t e ,  Report  No. UM-HSRI-HF-73-16, Ann Arbor ,  Michigan,  June 1973. 

The o b j e c t i v e  o f  t h e  s tudy  was t o  o b t a i n  i n f o r m a t i o n  which i s  
b a s i c  t o  t h e  development o f  three-beam headlamp s w i t c h i n g  methods. 

The c o n d i t i o n s  i n  which d r i v e r s  used each o f  t h e  beams w h i l e  
d r i v i n g  a  c a r  equipped w i t h  a  three-beam headlamp system, and the  
sequences o f  s w i t c h i n g  between t h e  beams, were measured. Ques t i on -  
n a i r e s  were a l s o  used t o  p r o v i d e  i n f o r m a t i o n  o f  d i f f e rences  between 
two- and three-beam system beam usage, and r a t i n g s  o f  g l a r e  and v i s i -  
b i l i t y .  A s e t  of s tatements o f  human fac to rs  c o n t r o l - d i s p l a y  design 
p r i n c i p l e s  were compi led t o  dev i se  a  r a t i n g  s c a l e  f o r  t h e  p r e l i m i n a r y  
e v a l u a t i o n  of s w i t c h i n g  concepts. 

Resu l ts  showed t h a t  d r i v e r s  used the  mid  beam as the  major  d r i v i n g  
beam on r u r a l  two- lane and d i v i d e d  highways, where they  now tend  t o  use 
the  low beam, w i t h  most s w i t c h i n g  between t h e  mid and h i g h  beams. Low 
beam i s  used a lmost  e x c l u s i v e l y  on urban s t r e e t s  w i t h  momentary, 
occas iona l  use o f  h i g h  beam. Thus, a  s w i t c h i n g  system must be capable 
of a l l o w i n g  qu i ck  s w i t c h i n g  between mid  and h i g h  beam, and low and 
h i g h  beam ( t h e  l a t t e r  f o r  c o m p a t i b i l i t y  and o t h e r  reasons) ; o r  between 
a l l  t h r e e  beams. A p p l i c a t i o n  o f  t h e  r a t i n g  s c a l e  on t h i r t e e n  th ree -  
beam s w i t c h i n g  concepts showed t h a t  t h e  s c a l e  d i s c r i m i n a t e s  between 
s w i t c h i n g  systems. Among t h e  s w i t c h i n g  systems eva lua ted,  those t h a t  
were most e f f e c t i v e  employed hand-operated push-but ton swi tches ,  a  
th ree-pos i  t i o n  l e v e r  mouted on t h e  s t e e r i n g  c o l  umn, and a  combinat ion 
o f  a  t w o - p o s i t i o n  f o o t  s w i t c h  and column l e v e r .  

It i s  concluded t h a t  d r i v e r s  cons ide r  t h e  mid  beam t o  o f f e r  a  
wor thwh i l e  i nc rease  i n  v i s i b i l i t y ,  compared t o  t h e  low beam, and would 
use i t  i n  many n i g h t  d r i v i n g  c o n d i t i o n s .  Proper use o f  t h e  mid beam 
i s  expected t o  be r e l a t e d  t o  t h e  ease w i t h  which d r i v e r s  can opera te  
t h e  three-beam s w i t c h i n g  system. E f f e c t i v e  three-beam s w i t c h i n g  modes 
c o n s i s t  o f  (1 )  those t h a t  a l l o w  any one o f  t h e  t h r e e  beams t o  be 
s e l e c t e d  w i t h  a  s i n g l e  mot ion ,  o r  ( 2 )  i n  which an i n t e r m e d i a t e  s w i t c h  
i s  used by t h e  d r i v e r  t o  choose which p a i r  o f  beams ( l ow /h igh  o r  mid/ 
h i g h )  i s  a v a i l a b l e ,  one o f  which i s  s e l e c t e d  by a  s i n g l e  mot ion o f  
another  s w i t c h .  F u r t h e r  s tudy  i s  needed t o  determine which of these 
modes i s  understood and used most c o r r e c t l y  and e a s i l y  by d r i v e r s ,  and 
which they  f i n d  t o  be compat ib le  when d r i v i n g  v e h i c l e s  equipped w i t h  
two- o r  three-beam headlamp systems. 

The s w i t c h i n g  sequences recommended i n  t h i s  s tudy  and t h e  r a t i n g  
sca le  p rov ided  can be used t o  develop p o t e n t i a l l y  e f f e c t i v e  th ree -  
beam s w i t c h i n g  methods, f o r  f i n a l  e v a l u a t i o n  o f  hardware i n  d r i v e r  
t e s t s  . 
( a u t h o r  s u p p l i e d  a b s t r a c t )  



R. R. Mourant, E. Moussa-Homouda, and J .M. Howard. "Human Fac to rs  
Requirements f o r  F i n g e r t i p  Reach Con t ro l s .  " U.S. Department o f  
T r a n s p o r t a t i o n  r e p o r t  DOT-HS 803 267, f i n a l  r e p o r t  o f  con t r a c t  
DOT-HS-5-01192, Washington, D.C., September 1977. 

T h i s  p r o j e c t  was i n s t i t u t e d  t o  develop human f a c t o r s  recomrnenda- 

t i ons f o r  f i  n g e r t i  p  reach c o n t r o l  s  . I n t e r v i e w s  were conducted w i t h  405 

d r i v e r s  of ca rs  equipped w i t h  f i n g e r t i p  reach c o n t r o l s .  A h i g h  p e r -  

centage o f  f i n d i n g  problems was r e p o r t e d  when t h e  ho rn  was mounted on a  

s t a l k  and a l s o  when t h e  t u r n  s i g n a l  was on a  r i g h t  s t a l k .  D r i v e r s  o f  

c o n f i g u r a t i o n s  w i t h  two l e f t  s t a l k s  had a  l a r g e  percentage o f  o p e r a t i n g  

problems f o r  t h e  t u r n  s i g n a l  and f o r  t he  h e a d l i g h t  beam s e l e c t o r .  

A l a b o r a t o r y  exper iment  was conducted t o  e v a l u a t e  modes o f  opera-  

t i o n  f o r  t h e  w i p e r  o n / o f f ,  w i p e r  speed, and washer on/of f  f unc t i ons  

when these c o n t r o l s  were l o c a t e d  on one l e f t  s t a l k .  Sub jec ts  p e r -  

formed b e s t  when w i p e r  o n / o f f  and w ipe r  speed were c o n t r o l l e d  by a  

r o t a t i n g  hand sw i t ch .  Performance on s t a l  k-mtiunted c o n t r o l  f unc t i ons  

was f a s t e r  and r e q u i r e d  l e s s  d i r e c t  l o o k s  than performance on dash 

mounted f u n c t i o n s .  

It was recommended t h a t  t h e  t u r n  s i g n a l  , head1 i g h t  beam s e l e c t o r  

and f lash- to -pass  c o n t r o l s  be l o c a t e d  on one l e f t  s t a l k .  I t  was a l s o  

recommended t h a t  t h e  w i p e r  o n / o f f ,  w i p e r  speed and washer c o n t r o l s  be 

l o c a t e d  t o  t h e  l e f t  o f  t h e  d r i v e r  a t  f i n g e r t i p  reach,  and i f  s t a l k  

mounted, on t h e  same stalk,. 

F i n a l l y ,  i t  was suggested t h a t  f u t u r e  research be conducted on 

assess ing  t h e  p o t e n t i a l  b e n e f i t s  o f  p u t t i n g  a d d i t i o n a l  c o n t r o l s  a t  

f i n g e r t i p  reach.  

( a u t h o r  suppl  i e d  a b s t r a c t )  



L. J .  Nevett. "Automotive Switches and Swi tchgear," in Automotive 
Electrical Equipment, Institution of Mechanical Engineers, Westmi nster ,  
U K ,  1972. 

This paper s e t  o u t  t o  deal with the full  range of automotive 

switches from the simple manual two position ON-OFF type t o  the 

complex mu1 t i  function steering col umn mounted assembl i es . Aspects of 

styling and ergonomics are considered in addition to  basic design 

c r i t e r i a .  Some reference i s  also made t o  electromagnetic a n d  other 

switching devices which are n o t  direct ly within the driver 's  control. 

(author suppl ied abstract)  

L.J. Nevett. "Human Engineering Applied t o  the Design and Grouping of 
Electrical Controls in the Motor Vehicle." Society of Automotive 
Engineers Paper, 720233, Warrendale, P A ,  1972. 

A study has been made of motor vehicle driver environment in 

order t o  determine the most desirable design features and the optimum 

grouping of electr ical  controls conducive with minimum conscious t h o u g h t  

and physical ef for t  in location a n d  operation under any given se t  of 

conditions. Consideration i s  given t o  the psychological aspects of 

control operating noise 1 eve1 a n d  action "fcel ," to sty1 ing and standar- 

dization of layout with the ultimate objective o f  driver fatigue 

reduction, and to a worthwhile contribution in road safety improvement. 

(author suppl ied abstract)  



Robert M .  Nicholson. Where Have We Been--Where Are We Going? Society 
of Automotive Engineers, paper 79001 1 ,  Warrendale, PA, 1979. 

This paper reviews some of the progress that  has been made in 

recent years in the transportation f i e ld  by behavioral sc ien t i s t s  and 
human factors engineers. The major areas covered are pub1 i c  transporta- 
tion sys terns, rai 1 road systems, highway systems, and personal transpor- 
tation systems. The report suggests what future problems may be 
encountered i n  these areas that  will need the attention of human 
factors spec ia l i s t s .  

(author supplied abst ract )  

Michael Perel. Controls and Displays: Problems, Progress & Prior i t ies .  
Society of Automotive Engineers , paper 740994, Warrendal e ,  PA, 1974. 

Difficult ies of measuring safety problems related to human factors 

aspects of vehicle control s and displays are discussed and i 11 ustrated 

with examples. A review of National Highway Traffic Safety Administra- 

tion (NHTSA) sponsored control/display research dealing with some of 

these problems i s  presented. The review describes the objectives, 

methodology, key findings, and application of the results  of the 

research. Final ly , future research needs are o u t 1  i ned. 

( a u t h o r  supplied abst ract )  



Michael Pere l  . Ana lyz ing the  Role o f  D r i v e r / V e h i c l e  I n c o m p a t i b i l  i t i e s  
i n  Acc ident  Causation Using P o l i c e  Reports. U.S. Department o f  
T ranspor ta t i on  r e p o r t  DOT-HS-801-858, Washington, D. C .  March 1976. 

An a n a l y s i s  o f  po l  i c e  acc iden t  r e p o r t s  was conducted t o  determine 

whether d r i v e r  problems w i t h  v e h i c l e  c o n t r o l s ,  v e h i c l e  v i s i b i l i t y  

systems, and v e h i c l e  1  i g h t i n g  c o n t r i b u t e  t o  automobi le acc idents .  By 

enumerating t h e  va r ious  r e a l  -worl d, a c c i d e n t - r e l a t e d  problems 

exper ienced by d r i v e r s  w i t h  these v e h i c l e  systems, the  a n a l y s i s  

r e i n f o r c e s  the  f i n d i n g s  f rom p a s t  a n a l y t i c a l  and exper imental  s t u d i e s  

t h a t  have i d e n t i f i e d  d e f i c i e n c i e s  i n  t h e  designs of these v e h i c l e  

components. The major  drawback w i t h  t h i s  approach i s  t h a t  t he  data 

base cannot be used t o  a c c u r a t e l y  es t imate  t h e  magnitudes o f  t he  

problems. 

(au tho r  suppl i e d  a b s t r a c t )  



W. E. Woodson & P .  H .  Sel by, Driver Works pace State-of-the-Art 
Analysis. U.S. Department of Transportation report DOT-HS-801-612, 
f inal  report of contract DOT-HS-4-00981, Washington , D .  C . ,  1975. 

This study was conducted t o  determine the merits of using a 
fixed-seat, adjustable controls concept t o  provide adequate dri vet- 

accomodation i n  production-type automobiles. I t  was concl uded that 

the concept n o t  only i s  feasible b u t  that  i t  offers certain crash- 

worthiness and probably cost advantages compared with current adjust- 

able seat  concepts. A1  though e i the r  concept could provide adequate 
driver accomodation, certain constraints on sty1 ing are needed in 

order that  each real i ze i t s  maximum benefit . While complete adjust- 

ment f l ex ib i l i t y  of both seat  and controls may provide maximum 

optimization of the driver workplace, such an arrangement would n o t  

be cost-effective a n d  there i s  no assurance that drivers might n o t  
mis-use the capability t o  thei r  own detriment. 

A completely fixed seat  plus an adjustable pedal assembly appears 

t o  offer  maximum costloperabil i ty benefits . However th is  approach 
requires considerable control over other vehicle characterist ics and 

therefore should be studied in greater detail using mockups and 1 ive 

subjects t o  determine interaction with various vehicle models and 

styl ing.  

(author suppl ied abstract)  



W. E. Woodson, D.W. Conover, G.E. Miller, and  P.H. She1 by. "Instru- 
ment & Control Location, Accessibility & Identif icat ion," final 
report of Contract F11-17-6907, MPI report 69-106, National Highway 
Safety Bureau, Washington, D. C., July 1969. 

This report summarizes the results  of a 13-month study designed 

t o  investigate the ef fect  of automobile control -displ ay 1 ocation, 

accessi bil i  t y ,  and identification on safe driving. Reported are the 

results  of an e f fo r t  t o  specify a volumetric arrangement t o  f i t  a 

driver population range from the 10th percentile female t o  the 90th 
percentile male by use of a driver work stat ion mockup. Results indi- 

cate t h a t  present day automobiles do n o t  meet the needs of the general 

driving population adequately. Also described i s  a simulation experi- 

ment (using the UCLA driving simulator),  the resul ts  of which confirm 

an i n i t i a l  hypothesis that  displays should be located nearer the l ine  
of sight  of the driver viewing the road ahead. Major conclusions of 
the study are as follows: (1) a majority of the presently available 

human engineering c r i t e r i a ,  principles, and standards are directly 

applicable t o  the design of automobile, truck and bus driver controls 

and displays; ( 2 )  a relat ively limited number of these c r i t e r i a  and 

principles are required to cover most problems confronting vehicle 

designers ; ( 3 )  a ser ies  of suggestions are presented for consideration 

by NHSB in creating safety performance standards for automobi 1 e manu- 

facturers,  based on sound human engineering principles; (4 )  future 
research studies aimed a t  developing information t o  support preparation 

of design standards are described as candidates for  follow-on e f fo r t s ;  

( 5 )  based on a limited survey of trucks and buses during the study, the 
recommendation i s  made that  a more comprehensive study be conducted in 

the near future i n  order t o  develop adequate c r i t e r i a  for  the creation 

of standards for these vehicles; and, ( 6 )  results  of the study confirm 

the hypothesis that standardization of driver control-display location, 

accessibil i ty and identification are important to safe driving and that 

appropriate standards should be implemented as a guide t o  manufacturers 
a t  t h e  ea r l i e s t  possible d a t e .  

(author supplied abst ract )  
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Summary o f  Acc iden t  Data S t u d i e s .  

p o l  i c e  
r e p o r t  n a r -  
r a t i v e s  o f  
U n i v e r s i t y  
o f  No r th  
Caro l  i na 
Highway 
S a f e t y  
Research 
Center  

Document 

95,897 a c c i -  
dents  (1974) 
19,017 a c c i -  
dents  (1975) 

hand c o n t r o l s  
( h e a t e r ,  r a d i o ,  
tape,  horn ,  a i r  
c o n d i t i o n e r  , 
l i g h t e r ,  ash- 
t r a y ,  d e f r o s t e r  , 
w i n d s h i e l d  w i p e r )  

Data Base 1 Sample S i ze  Search Term 
1 I 

78 " h i t s  ," 
35 cases i n  
wh ich  opera-  
t i n g  a  c o n t r o l  
" d i s t r a c t e d "  
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f r om t h e  p r i -  
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Studies o f  U r i ve r  Performance (cont . )  

Number o f  
Subjects 

32 sub- 
j e c t s  

28 U . S .  
d r i v e r s  

24 U . S .  
d r i v e r s  

12 U.S. 
d r i  vers 

Vehic les/Control  Designs 

1975 01 dsmobi 1  es 
(standard and mod i f ied  
Chevette s t a l k )  

own ca r  ( 7  c o n t r o l s )  

panels from 30 cars 
vary ing w ide ly  i n  
design ( 8  con t ro l s )  

1974 Pont iac Cata l ina,  
1974 Ford Tor ino,  and 
own ca r  (10 c o n t r o l s )  

Method 

show s l  i de , naming 
func t ion ,  d r i v e r  
reaches f o r  con t ro l  
then touches bu t t on  
on s t e e r i n g  wheel 
pad 

mark on sketch loca-  
t i o n  o f  con t ro l  i n  
own c a r  

t ime t o  l oca te  and 
touch c o n t r o l  on 
s l i d e  

t ime t o  touch wh i l e  
d r i v i n g  

F i n d i  ngs 

1) panel con t ro l s  
responded t o  more 
r a p i d l y  b u t  
d i f f e rence  
decreases w i t h  
p r a c t i c e  

1) 3 t o  4 inch  r e c a l l  
e r r o r  t y p i c a l  

panel c o n t r o l s  f a s t e r  
d i  f ferences between 
c o n t r o l s  
o l d e r  d r i v e r s  slower 
between veh i c l e  
d i f f e rence  
response t ime and 
e r r o r  r a t e  co r re l a ted  
and both  r e l a t e d  t o  
expectancy 
e r r o r  r a t e s  t r i p l e  
when l abe l s  removed 

panel con t ro l s  f a s t e r  
than s t a l  ks 
performance depends 
on expectancy and n o t  
where l oca ted  i n  own 
car  
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Summary o f  Pre ference 5 t u d i e s .  

Number o f  
Sub jec ts  Study 1 

I Mor t imer  & Post  (1973) 1 lo 

Kuechenmei s t e r  (1974) I 24 

Task 

s t a t e  pre-  
fe rence f o r  
3-beam head- 
1  i g h t  s w i t c h  

s t a t e  what 
f u n c t i o n s  
shou ld  be 
mu1 t i- 
f u n c t i o n  
s  t a l  k  con- 
t r o l  

r a t e  ease o f  
o p e r a t i o n  of 
5 f u n c t i o n s  
(w i  pe r /  
washer, head- 
l i g h t s  on/ 
o f f ,  dimmer, 
t u r n  s i g -  
n a l )  o f  
Chevette 
and 2 func-  
t i o n  s t a l k  
r e l a t i v e  t o  
own ca r  

D i d  sub jec ts  1 
opera te  t h e  

Resu l ts  

no 
I 

yes ,  b u t  
o n l y  1 
des i gn 

p u t  on 
s t a l k :  
beam 
s w i t c h  
w ipe r /  
was he r  

d o n ' t  p u t  
on s t a l k :  
l i g h t s  on/ 
o f f ,  hazard! 
c r u i s e  

s t a l  ks 
appear 
o r e f e r r e d  



Summary o f  Human Factors  Analyses. 

Woodson, Conover, M i  1  l e r  & Sel by, 1969 
( a l s o  Conover, Woodson, Selby & M i l l e r ,  
1969) 

Document I- 

Malone, Krumm, Shenk & Kao, 1972 

Mort imer & Post, 1973 

A n a l y t i c  Methods 

Woodson & Sel by, 1975 

I 

I 

Conclus ion I 

Black, Woodson & Sel by, 1977 

C o n s i d e r a t i o n  o f  c u r r e n t  convent ion,  
o p e r a b i l i t y ,  and c r a s h a b i l i t y  requirements 
made t o  generate p r i o r i t i e s  f o r  each 
c o n t r o l  

General d i s c u s s i o n  o f  t r a d e - o f f s  r e q u i r e d  
i n  s t a n d a r d i z i n g  l o c a t i o n ,  human f a c t o r s  
l i t e r a t u r e  c i t e d  o n l y  w i t h  regard  t o  c o n t r o l  
s i z i n g ,  spacing,and l a b e l  i n g  

Rigorous a t tempt  t o  s e l e c t  b e s t  des ign f o r  
3-beam h e a d l i g h t  swi tch ,  u s i n g  v a r i o u s  
weighted c r i t e r i a ,  severa l  designs were 
r a t e d  by human f a c t o r s  s p e c i a l i s t s  

Two designs f o r  i ns t rumen t  
pane ls  proposed, no mu1 t i- 
f u n c t i o n  s t a l k  c o n t r o l s  
suggested 

Rigorous a n a l y s i s  o f  e r r o r s  r e s u l t i n g  
f rom c o n t r o l  use based on f requency o f  
use and p r o b i  1  i ty  o f  confus ion- -bes t  
des ign minimizes t o t a l  e r r o r s ,  does n o t  
weigh c o s t  o f  e r r o r  

Comparison o f  f i xed-pane l  movable seat  
and f i xed -sea t  movable-panel designs ; 
some a t tempts  t o  we ight  v a r i o u s  f a c t o r s  
( r e 1  i a b i l  i ty, crashworth iness,  s t y 1  i n g  
f l e x i b i l i t y ,  ease o f  e n t r y / e x i t ,  e tc . )  

Standard i ns t rumen t  panel 
proposed, no mu1 t i f u n c t i o n  
s t a l  k  c o n t r o l  s  suggested 

Whi le  no b e s t  des ign was 
found, one o f  t h e  recommended 
designs was a  m u l t i f u n c t i o n  
s t a l k  

A l t e r n a t i v e  proposal  f o r  IS0 
s tandard  compared ; 3-s t a l  k  
des ign  r e s u l t s  i n  fewest  e r r o r s  

No s p e c i f i c  panel l a y o u t  sug- 
gested b u t  f i x e d - s e a t  movable- 
panel concept i s  f e a s i b l e  and 
has c rashwor th iness  and c o s t  
advantages over  e x i s t i n g  
designs 

Cons ide ra t i on  of f requency of use, r e q u i r e -  [ S tandard i ns t rumen t  panel p ro -  
ments f o r  v iewing c o n t r o l s  and c o n s i d e r a t i o  posed--] l e f t  m u l t i f u n c t i o n  
o f  c o n t r o l  i n c i d e n t s  i n  making suggest ions s t a l k  suggested f o r  t u r n  s i g n a l  
f o r  c o n t r o l  l o c a t i o n ;  a l s o  considered were and beam sw i t ch ing ;  wiper/washer 
d r i v e r  expectancy and performance research panel -mounted 
i n  opera t i ng  c o n t r o l s .  Approach i s  non- 
q u a n t i t a t i v e .  D e t a i l s  f o r  s i z e ,  spacing, 
l a b e l i n g  i nc luded .  





1979 ears w i t h  S ta l  k-Mounted Wiper/Washer Functfons. 

Con f igu ra t ion  Manufacturer 

(1L) Mercedes 
F u j i  (Subaru) 
Chrysl er/Bsdge (Omni , Horizon, S t .  Regi o , New Ysrker 

Newport, Arrow, Col t ) 
Ford (Versa i  1 I es , Monarch, Granada) 
GM (Chevette) 

Peugeot (504,604,2CV,Dyane, LN) 
BMW 
VW (except  f o r  Audi 100-Germany) 
Masera t i  
To yo t a 
? / i s ran  (Datsun) 
Toyo Kogyo (Flazda except f o r  GLC) 
Honda 
Saab-Scania 
Vol vo 
Lotus 
B r i t i s h  Leyland 
GM (Opel) 

(2L)  A1 f a  Romeo 
Ford (Fairmont,  Zephyr, Mustang, Capr i ,  Futura)  
Toys Kogyo (Mazda GLC) 

(2L,IR) C i t r o e n  (GS) 
F i a t  ( i  n c l  ud i  ng Lanci a, F e r r a r i  ) 

( !L ,2R) Ford ( F i e s t a )  

Note: On most C i t r oen  products (CX ,  Visa, and GSA) c o n t r o l s  a re  pod- 
mounted. 



Summary o f  Standards. 

Organization Standard Requirements and  Comments 

1 SO IS0 4040 1 ) l e f t :  driving . l ights,  marker 1 ights, beam 
(TC22/SC13/WG3) switching, optical warning, emergency brakes 

(,right hand only) 

2)  center or l e f t :  horn 

proposed 1 )  same requirements as 4040 for horn, driving 
revisions of 1 ight, marker l ights & emergency brake 
4040 (document 2 )  where there i s  one right stalk (other than - (SC13(WG3-85)203) gear selector)  i t  will operate the wiper1 

washer. When there are mu1 t i p l  e r igh t  stal ks, 
the one for t h e  wiperlwasher will be closest 
t o  the driver. 

3) the wiperlwasher control will not be panel- 
mounted on the r ight  side . 

4) close t o  and l e f t  of the steering wheel: 
beam switching, optical warning, turn signal 

5 )  combination of controls and directions of 
control operation described (see t ex t )  

EEC 

ANSI 

MVMA 
AIA 

DOT 

DOT 

DOD 

DIS 3789 
Tractors 

1 ) mu1 tifunction controls n o t  considered 

Ergonomics 1 ) document not  available 

Draft 1 ) 1974 information, no current information 
GRSGlR16 availabile,  copy not  available 

- 1 ) defers t o  IS0 

- 1 ) supports SAE standard 

SAE 1 )  l e f t :  turn signal, dimmer, headlights 
Recommended on/off, optical warning 
Practice 2 )  r ight:  gear sh i f t ,  ignition, defroster, 

hazard, cl imate control , radio, 1 ighter 

None 
II 

3) no additional requirement for m u 1  tifunction 
control s 

1 )  does not  issue standards 
II 

FMVSS 101 1 primary & secondary should be within reach 
and labeled 

future plans 1 )  control location & method of operation t o  
be further specified 

MIL-STD-1472B 1) general requirements for control design, 
no mention of m u 1  tifunction controls 



+=' v) 
fu 4J 
SF- 
+='= 

ln 
r Q) 
U L 
' F 
P V1 
*P v 
R 0 
ca b n .b, 
0 c 
b 0 
e u  



V) 
L 
QJ 
C, 
al 

3 
L 
a 
a 
ol 
E 
'I- 

C 
L 
m 
aJ 
F 

II 

d 
A 
a 

m 
A 
a 
C\1 

-1 " 
F 

-1 

I- I 

LLI 
cn IL- 
I h 

0 N CJ e 0 oi 
cn 0 \ 

W 
? Q 

I 
PI .r- QJ 

CL h 
V sWE I 

a 
n V 

U =: 
513 

d 
N 
0 

+ 0 
n F 

n - 
0 w 
u Irl 

uF + 
II CO 

Y 
a 
E + 
'I- 

I=- 
QJ 

m 
? 

a 
'I- 

L 
c, 





APPENDIX c 
Head1 ight Switch Eva1 uation Criteria o f  Mortimer & Post ( 1  973) 





APPENDIX C 

Head1 i g h t  Swi tch  Eva1 u a t i o n  C r i t e r i a  o f  Mor t imer  and Pos t  ( 1  973) 

Essen t i  a1 Importance (wei gh t=4)  

1.  C o n t r o l s  shou ld  be so arranged t h a t  t h e i r  o p e r a t i o n  does n o t  
over1 oad one hand o r  f o o t .  

2. C o n t r o l s  which o c c a s i o n a l l y  r e q u i r e  a c t u a t i o n  w h i l e  t h e  v e h i c l e  
i s  i n  mo t ion  should be w i t h i n  reach o f  a l l  d r i v e r s  f r o m  t h e i r  
normal d r i v i n g  p o s i t i o n  even i f  they  a r e  wear ing  o p t i o n a l  r e s t r a i n t s  

3. I t  shou ld  n o t  be p o s s i b l e  t o  i n a c t i v a t e  t h e  headlamps i n a d v e r t e n t l y .  
4. Con t ro l s  which must be reached q u i c k l y  (as i n  an emergency) 

shou ld  be l o c a t e d  near  t h e  hand o r  f o o t  by which they  w i l l  be 
opera ted . 

5 .  It shou ld  be p o s s i b l e  t o  g e t  t o  a  beam of l e s s  g l a r e  f rom any 
beam p roduc ing  o b j e c t i o n a b l e  g l a r e  w i t h  a  s i n g l e  mot ion .  

6. It shou ld  be p o s s i b l e  t o  g e t  t o  a  beam p r o v i d i n g  g r e a t e r  v i s i b i l i t y  
from any beam p roduc ing  l e s s  v i s i b i l i t y  w i t h  a  s i n g l e  mot ion  f o r  
s a f e t y  purposes. 

Pr imary  Importance (wei gh t=3)  
1. A l l  c o n t r o l s  and d i s p l a y s  shou ld  be i d e n t i f i a b l e  by t h e i r  shape, 

l o c a t i o n ,  c o l o r ,  and/or  by the  l a b e l s  assoc ia ted  w i t h  them. 
2 .  Con t ro l s  which t u r n  a  system ON shou ld  move UP, t o  t h e  RIGHT, o r  

CLOCKWISE f o r  ON: i n  t h e  oppos i te  d i r e c t i o n  f o r  OFF. 
3. The p r e f e r r e d  area f o r  l o c a t i o n  o f  d i s p l a y s  cen te rs  about  t h e  

normal l i n e  o f  s i g h t .  C r i t i c a l  d i s p l a y s  shou ld  be l o c a t e d  so t h a t  
t h e  o p e r a t o r  does n o t  have t o  t u r n  h i s  head t o  see them. 
H o r i z o n t a l  arrangements a re  p r e f e r r e d  f o r  t h e  seated o p e r a t o r .  

4. C o n t r o l s  used most f r e q u e n t l y  (by t h e  hands) shou ld  be l o c a t e d  
between w a i s t  and shou lder  h e i g h t .  

5 .  Minimum problems w i t h  arm/ leg reaah. 
6 .  Degree t o  which t h e  o p e r a t i o n  i n t e r f e r e s  w i t h  speed c o n t r o l  of 

t h e  v e h i c l e .  
7. Con t ro l s  shou ld  p r o v i d e  feedback whi 1  e  be ing  operated,  i .e. 

p r o v i d e  p r o p r i o c e p t i v e  cues. 
8. Con t ro l s  and d i s p l a y s  t h a t  a re  used most f r e q u e n t l y  shou ld  be 

l o c a t e d  i n  p r ime p o s i t i o n s  re1  a t i v e  t o  convenience. 
9.  D i sp lays  and c o n t r o l s  shou ld  be i l l u m i n a t e d  i f  t h e y  are  t o  be 

used a t  n i g h t  o r  under low ambient l i g h t  c o n d i t i o n s .  
10. Cont ro l  w i l l  n o t  be i n a d v e r t e n t l y  a c i t v a t e d .  
11. Lower 1  i k e l  i hood o f  s u b s t i t u t i o n  e r r o r s  ( con fus ion  o f  one c o n t r o l  

w i t h  ano the r ) .  
12. If c o n t r o l s  a re  n o t  i l l u m i n a t e  a t  n i g h t ,  t hey  shou ld  be w i t h i n  

b l i n d  reach.  
13. Con t ro l s  shou ld  be l o c a t e d  so they  a re  w i t h i n  " comfo r tab le "  reach.  

The o p e r a t o r  shou ld  n o t  have t o  u t i l i z e  maximum reach 1 i m i  t s  
un less  a b s o l u t e l y  necessary because o f  l a c k  o f  space f o r  
l o c a t i n g  c o n t r o l s  i n  more conven ient  p o s i t i o n s .  



14. Foot  c o n t r o l s  shou ld  o n l y  be used where l a r g e  a p p l i c a t i o n s  o f  
f o r c e  a re  requ i red ,  where a  l a r g e  amount of d isplacement i s  requ i red ,  
where o n l y  gross movements a re  requ i red ,  and/or where t h e  o p e r a t o r  
i s  1  i k e l y  t o  have bo th  hands occupied. 

15. A l l  l a b e l s  should be v i s i b l e  under a l l  c o n d i t i o n s  of use ( i . e . ,  
day o r  n i g h t ) .  

16. Capable o f  o p e r a t i n g  beam s w i t c h  w h i l e  t u r n i n g  t h e  s t e e r i n g  wheel.  

Secondary Importance (wei ght=2) 

I t  shou ld  be p o s s i b l e  t o  r e t u r n  w i t h  one mot ion  t o  an o r i g i n a l  beam 
a f t e r  dimming. 
Con t ro l s  shou ld  p r o v i d e  d i s p l a y  s t a t u s  feedback. 
Cont ro l  a c t i v a t i o n  takes  minimum t ime.  
Minimum requirements f o r  removing a  hand f rom t h e  wheel.  
C e r t a i n  types o f  s w i t c h  c o n t r o l s  shou ld  have o n l y  two p o s i t i o n s ,  
e.g.,  t ogg le ,  rocke r ,  and push b u t t o n  c o n t r o l s .  
When p r a c t i c a b l e ,  a l l  l e v e r s  should be l a b e l e d  as t o  f u n c t i o n  and 
d i r e c t i o n  o f  mot ion .  
A1 1  c o n t r o l s  shou ld  i m p l y  t h e  manner i n  which they  are  t o  be 
opera ted by t h e i r  appearance and/or by the  l a b e l s  assoc ia ted  
w i t h  them. 
Foot-operated push bu t tons  should be used o n l y  f o r  n o n c r i  t i c a l  
ope ra t i ons .  
Amenable t o  p o s i t i v e  i d e n t i f i c a t i o n  coding.  

T e r t i a r y  Importance (we igh t= l  ) 

1  . Use foo t -ope ra ted  c o n t r o l s  i f  1  arge f o r c e  a p p l i c a t i o n  i s  necessary; 
hand c o n t r o l s  i f  f i n e  adjustment  i s  requ i red .  

2 .  Push bu t tons  arranged i n  a  h o r i z o n t a l  a r r a y  a r e  p r e f e r r e d  t o  a  
v e r t i c a l  a r r a y .  

3. Labels shou ld  n o t  be p laced  on the  su r face  o f  a  c o n t r o l  i f  move- 
ment o f  t h e  c o n t r o l  w i l l  obscure t h e  l a b e l  o r  cause i t  t o  appear 
o t h e r  than r i g h t  s i d e  up. 

4. C a p a b i l i t y  o f  be ing  opera ted and moni to red w i t h o u t  d i r e c t  v i s u a l  
access. 

5 .  Capable o f  s e l e c t i n g  any of t h r e e  beams w i t h  a  s i n g l e  mot ion .  
6.  Minimum e x e r t i o n  on t h e  p a r t  of t he  d r i v e r .  
7. Requirements f o r  panel area f o r  c o n t r o l s  a r e  min imal .  
8. Con t ro l s  shou ld  p r o v i d e  v i s u a l  s t a t u s  feedback. 
9.  Con t ro l s  should p r o v i d e  t a c t i l e  s t a t u s  feedback. 



APPENDIX D 

HARDWARE REV I EW DETAILS 





Hardware Review De ta i l s .  

Manufacturer 

Renaul t Renaul t/R5 

Renaul t/R12 

Renaul t/R17 

Year 

1977 

1977 

1977 

F R A N C E  

Remarks 

2 l e f t  s t a l k s  
c lose s t a l k  - t u r n  s igna l  (up = R turn ,  dn = L t u r n )  
f a r  s t a l k  - l i g h t s  ( labe led  w i t h  words) 

push up f o r  h i  beam, push down f o r  low beam 
(on /o f f  sw i tch  on panel ) 
horn - push bu t t on  on s t a l k  
(wiper/washer on panel ) 

(Source - Owner's Manual) 

1 l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  - ( l abe l s  unknown) 

t u r n  s igna l  - (up = R t u rn ,  down = L t u r n )  
h i / l ow  beam - p u l l  towards d r i v e r  - p u l l / p u l l  swi tch 

( sp r i ng  loaded) 
headl ights  o n / o f f  on panel 

r i g h t  s t a l k  - wiper/washer - ( l a b e l s  unknown) 
washer - p u l l  toward s tee r i ng  wheel (somewhat unc lear )  
wiper - low speed = p u l l  up 1 notch 

h i gh  speed = p u l l  up 2 notches 

(Source - Owner's Manual) 

1 l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  

t u r n  s igna l  (up = R t u rn ,  dn = L t u r n )  
h i / l o  beam - p u l l / p u l l  sw i tch  ( s p r i n g  loaded) 

r i g h t  s t a l  k - wiper/washer ( labe led  w i t h  words) 
washer - p u l l  toward wheel (wipers automat ic)  
wiper - o f f  = f u l l y  up 

low speed = h a l f  way down 
h igh  speed = f u l l y  down 

(Source - Owner's Manual) 
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F R A N C E  

Remarks : Manufacturer 

Peugeot- 
C i  t roen 

1 l e f t ,  1 r i g h t  pod (symbols) 
l e f t  pod same a s  Visa 
r i g h t  pod - 8 pushbuttons (2  columns o f  4 )  
f r o n t  row, top  t o  bottom 

r e a r  fog l i g h t s  
unused 
f r o n t  fog l i g h t s  
d e f r o s t e r  

back row, t o p  t o  bottom 
hazard warning 
unused 
r e a r  washer 
r e a r  wiper 

(Source - Owner's Manual) I 

Make/Model 

C i  troen/GSA 

Year 

1979 





M a n u f a c t u r e r  

BMW BMW 
320; 528 
633CS : 
733 

Year  

G E R M A N Y  

Remarks 

1 l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  

t u r n  s i g n a l  - up = r i g h t  t u r n ,  down = l e f t  t u r n  
beam s w i t c h  - push away = h i g h  beam, 

p u l l  t o w a r d s  = low beam, p u l l  p a s t  low p o s i t i o n  for  
o p t i c a l  w a r n i n g  ( s p r i n g  l o a d e d )  

r i g h t  s t a l k  
w a s h e r  - p u l l  l e v e r  t o w a r d s  d r i v e r  
w i p e r  - push l e v e r  up - o f f ,  i n t e r m i t t e n t ,  low, h i g h  
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I T A L Y  
I 

Manufacturer 

F i a t -  
Autobianch- 

, Lancia- 
1 OM 

Make/Model 

F e r r a r i  l e f t ,  1 r i g h t  s t a l k s  
n e a r  s h o r t  l e f t  s t a l k  - t u r n  s i g n a l  

up = r i g h t  t u r n ,  down = l e f t  t u r n  
f a r  l e f t  s t a l k  - headlamps 

twist away from d r i v e r  - ex tend  r e t r a c t a b l e  h e a d l i g h t s  
and t u r n  on 

upper  p o s i t i o n  - pa rk ing  l i g h t s  
mid p o s i t i o n  - low beam 
lower p o s i t i o n  - high  beam 
p u l l  towards d r i v e r  = f l a s h  head1 i g h t s  

r i g h t  s t a l k  - wiper/washer  

Year 

v e h i c l e  --- 
365GT4/2 +2 wipe r  - p u l l  towards d r i v e r  = o f f ,  low, h igh  

washer  - ? 

Remarks 

I 365GTB/4 wipe r  - push down = o f f ,  low, h igh  
washer - p u l l  towards d r i v e r  

I 

Dino 240GT wipe r  - push up = o f f ,  on 
washer - p u l l  towards d r i v e r  

Dino 246GT? 

(Source - undated owner" manual) 
-- 



I Manufacturer I Make/Model 
I 

F i a t -  
Autobi anchi - 
Lancia- 
01 1 

F i a t / a l l  
( i n c l u d i n g  
USA, B r a z i  1  , 
Argent ina,  
Uraguay & 
o the rs  ) 

Maserat i  

2 l e f t ,  1 r i g h t  s t a l k s  (symbols serve as l a b e l s )  
near s h o r t  1  e f t  1  eve r  

t u r n  s i g n a l  - down = l e f t  t u r n ,  up = r i g h t  t u r n  
f a r  1  e f t  s  t a l  k  - head1 amps 

up = low beam, down = h i g h  beam 
o p t i c a l  warning - p u l l  towards d r i v e r  

r i g h t  s t a l k  
washer - p u l l  towards d r i v e r  
w ipe r  - t o p  p o s i t i o n  = o f f ,  m id  p o s i t i o n  = low speed, 

bot tom p o s i t i o n  = h i g h  speed 

I T A L Y  

Ma.~era t i / ,  
(Merek, 
Khams i n , 
Bora ) 

(Source - Manufac turer 's  r e p r e s e n t a t i v e )  

Year 

1 l e f t ,  1 r i g h t  s t a l k  ( l a b e l e d  w i t h  p i c t u r e s )  
l e f t  s t a l k  

t u r n  s i g n a l  - up - r i g h t  t u r n ,  down = l e f t  t u r n  
headlamps - h i g h  beams = push away, low beam = m idd le  

p o s i t i o n ,  p u l l  towards d r i v e r  = f l a s h  
horn - push end handswitch i n  

r i g h t  s t a l k  
washer - push away 
w ipe r  - t o p  p o s i t i o n  = o f f ,  mid p o s i t i o n  = low speed, 

bo t tom p o s i t i o n  = h i g h  speed 

Remarks 

(Source - Manufac turer 's  r e p r e s e n t a t i v e )  

I 





Manufacturer 

Toyo t a  , 
Corol 1 a, 
Cel i ca ,  
Cress i da 

Toyo t a  
Corona 

Year 

1979 

1979 

J A P A N  

Remarks 

1 l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  

t u r n  s igna l  - up = r i g h t  tu rn ,  down = l e f t  t u r n  
beam sw i tch ing  - push away = h igh  beam, 

p u l l  towards = low beam, 
low beam (spr ing- loaded) - f l a s h  
headlamp - t w i s t  away from d r i v e r  

o f f ,  park ing 1 i g h t  , head1 i g h t s  
f l i gh t  s t a l k  

washer - push end bu t t on  
wiper - push l e v e r  down - o f f ,  low, h i gh  

op t i on  on a l l  bu t  Coro l la  - s tee r i ng  wheel t i lt - push l e v e r  
up t o  re lease (behind l e f t  s t a l k )  

(Saurce - Owner's Manual) 

l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  - same as Coro l la  
r i g h t  s t a l k  

f r o n t  w indsh ie ld  wiper - push l e v e r  down - 
o f f ,  i n t e r m i t t e n t ,  slow, f a s t  

r e a r  wiper/washer: w iper  on - t w i s t  end c lockwise 1 c l i c k ,  
washer on - t w i s t  beyond f i r s t  c l i c k  

(Source - Owner's Manual) 





Manufacturer Make/Model I Year 

N i  ssan 

Toyo - 
Ko gy 0 

J A P A N  

Remarks 

1 l e f t  s t a l k  
t u r n  s i g n a l  - up = r i g h t  t u r n ,  down = l e f t  t u r n  
beam s w i t c h i n g  - p u l l  = h igh ,  push = low 
(washer & o t h e r  c o n t r o l s  on dash) 

(Source - Manufac turer 's  Representa t ive)  

1 l e f t ,  1 r i g h t  s t a l k  
l e f t  s t a l k  

t u r n  s i g n a l  - up = r i g h t  t u r n ,  down = l e f t  t u r n  
beam s w i t c h i n g  - p u l l / p u l l  s w i t c h  ( i f  o f f -  o p t i c a l  warn in  
washer - push end b u t t o n  
w ipe r  - r o t a r y  away - i n t e r m i t t e n t ,  o f f ,  

low,  h i g h  
r i g h t  s t a l k  

push up - o f f ,  park,  h e a d l i g h t s  
o p t i o n a l  c r u i s e  c o n t r o l  (Dana Corp. s w i t c h )  

on R X 7  - a d d i t i o n a l  s t a l k  low on l e f t  ( s t a t i o n a r y )  
on GLC - a t taches t o  l e f t  s t a l k  

2  l e f t  s t a l k s  
near s t a l k  - same as l e f t  s t a l k  on 626, R X 7  b u t  

i n t e r m i t t e n t  w ipe r  i s  o p t i o n  
f a r  s t a l k  - same as r i g h t  s t a l k  on 626, R X 7  

o p t i o n a l  c r u i s e  c o n t r o l  - a d d i t i o n a l  s t a t i o n a r y  s t a l k  low 
on l e f t  

(Source - Manufac turer 's  Representa t ive)  













Checker 

Pacer 

Greml i n  

Hornet 
Matador 

Concord 

S p i r i t  

Chrys ler  
and Dodge 
products 
except 
Co l t ,  Omni, 
and Horizon 

Chrysler /  
Dodge 
" R "  body 
(S t .  Regis, 
Chrysler  
New Yorker, 
Newport) 

Year 

except f o r  the t u r n  s igna l ,  Checker does no t  use s t a l k  mounted 
con t ro l s  

(Source - Manufacturer 's  representat ive)  

s i n g l e  l e f t  s t a l k  ( l abe led  w i t h  words) 
t u r n  s i gna l -  down = l e f t  tu rn ,  up = r i g h t  t u r n  
c ru i se  con t ro l  ( op t i on )  

s e t  bu t ton  on end o f  l e v e r  
s l i d e  swi tch on face - move t o  column = resume, on, o f f  

op t iona l  f o r  l e v e r  - s tee r i ng  wheel t i l t  - p u l l  towards 
d r i v e r  t o  re1  ease 

(Source - Manufacturer 's  represen ta t i ve  and owner's manual) 

s i n g l e  l e f t  s t a l k  ( l abe led  w i t h  words) 
t u r n  s igna l  - down = l e f t  tu rn ,  up = r i g h t  t u r n  
op t i ona l  c r u i s e  con t ro l  

s e t  bu t t on  on end 
s l i d e  swi tch on face ( t o  column - o f f ,  on, resume) 

(Source - Manufacturer 's  represen ta t i ve  and owner's manual 

s i n g l e  l e f t  s t a l k  ( labe led  w i t h  words and symbols) 
t u r n  s igna l  - down = l e f t  tu rn ,  up = r i g h t  t u r n  
beam sw i tch ing  - p u l l / p u l l  sw i tch  (towards d r i v e r )  
washer - end push bu t ton  
wiper - r o t a t e  away from d r i v e r  ( o f f ,  low, h igh)  
op t iona l  c ru i se  con t ro l  ? 
op t iona l  s t ee r i ng  wheel t i 1  t? 

(Source - Flanufacturer 's represen ta t i ve  and owner's manual) 





Manufacturer 

Ford 

General 
Motors 

Ford/Fai r- 
mont , 
Ford 
Mustang, 
Mercury/Capri 
Mercury 
Zephyr, 
Ford/Ltd. , 
Ford/Futura 

Cadi 11 a c / a l l  

Bui ck/Skyl a r k ,  
Chevrol e t /  
Monza , 
Camaro , 

Buick/Century, 
E s t a t e  Wagon, 
E l e c t r a ,  
Riviera  

Pont iac /  
Fi rebi  rd  

Year Remarks 

2 l e f t  s t a l k s  ( l a b e l e d  with words) 
near  l e f t  s t a l k  

t u r n  s i g n a l  - down - l e f t  t u r n ,  up - r i g h t  t u r n  
horn - push end button on l e v e r  
dimmer - p u l l / p u l l  switch (towards d r i v e r )  

f a r  l e f t  s t a l k  
washer - pu l l  towards d r i v e r  
wiper - push l e v e r  up - but ton  p o s i t i o n  = o f f ,  second 

p o s i t i o n  ( o p t i o n a l )  = i n t e r v a l  wiper ,  t h i r d  
p o s i t i o n  = low speed,  t o p  p o s i t i o n  = high speed,  

i n t e r v a l  a d j u s t  - t u r n  end knob towards d r i v e r  t o  i n c r e a s e  
i n t e r v a  1 

(Source - owner's manual and v e h i c l e  i n s p e c t i o n )  

s i n g l e  l e f t  s t a l k  ( l a b e l e d  wi th  words) 
t u r n  s i g n a l  - down = l e f t  t u r n ,  up = r i g h t  t u r n  
op t iona l  c r u i s e  con t ro l  = set but ton  on end o f  l e v e r  

(Source - owner's manual ) 

t u r n  s i g n a l  and s t e e r i n g  wheel t i l t  l e v e r s  only ( l e f t  s i d e )  

(Source - owner's manual) 

s i n g l e  l e f t  s t a l k  ( l a b e l e d  with words) 
t u r n  s i g n a l  - down - l e f t  t u r n ,  up = r i g h t  t u r n  
beam swi tching - p u l l / p u l l  switch (towards d r i v e r )  - some 

model s 

(Source - owner's manuals - do not  s p e c i f y  which models have 
f o o t  opera ted  beam swi tch)  





Manufacturer 

General 
Motors 

01 dsmobi 1 e/ 
Omega, 
C u t l a s s ,  
Toronado, 
88, 98, 
Custom 
Cruiser , 
S t a r f i r e  

Ponti ac /  
Grand P r i x ,  
Catal i n a ,  
Uonnevi 11 e , 
LeMans , 
Gran Am, 
Sunbi r d ,  
Phoenix, 
Ast re  

s i n g l e  l e f t  s t a l k  ( l a b e l e d  wi th  words) 
t u r n  s i g n a l  - down = l e f t  t u r n ,  up = r i g h t  t u r n  
beam swi tching - pul l / p u l l  swi tch  (towards d r i v e r )  
op t iona l  c r u i s e  con t ro l  - set  but ton  on end o f  l e v e r  
op t ion :  second f a r  l e f t  s t a l k  - s t e e r i n g  wheel t i l t  - 

pu l l  towards d r i v e r  t o  r e l e a s e  

Year 

1977- 
1979 

(Source - owner's manual) 

Remarks 

s i n g l e  l e f t  s t a l k  ( l a b e l e d  wi th  words) 
t u r n  s i g n a l  - down = l e f t  t u r n ,  up = r i g h t  t u r n  
beam swi tching - p u l l / p u l l  swi tch  (towards d r i v e r )  
op t iona l  c r u i s e  con t ro l  - set  but ton  on end o f  l e v e r  
op t ion :  second f a r  l e f t  s t a l k  - s t e e r i n g  wheel t i l t  - 

pu l l  towards d r i v e r  t o  r e l e a s e  

(Source - owner's manual) 

1 l e f t ,  1 r i g h t  s t a l k  ( l a b e l e d  with words) 
l e f t  s t a l k  

t u r n  s i g n a l  - down = l e f t  t u r n ,  up = r i g h t  t u r n  
beam swi t c h i  ng - pu l l  / p u l l  swi t c h  (towards d r i v e r )  

r i g h t  s t a l k  
washer - push end but ton  t o  column 
wiper - r o t a t e  towards d r i v e r ,  p o s i t i o n s  = o f f ,  low, high 

(Source - owner's manual ) 
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ISO. The purpose of t h i s  s e c t i o n  i s  t o  p r o v i d e  background i n f o r -  - 
mation on t h e  o r g a n i z a t i o n s  i n t e r e s t e d  i n  s t a n d a r d i z a t i o n  f o r  those 

u n f a m i l i a r  w i t h  t he  s u b j e c t .  The I n t e r n a t i o n a l  Standards Organ iza t i on  

(ISO) i s  t h e  l a r g e s t  of such bodies.  I t  was c rea ted  i n  1947 and today 

has 86 member c o u n t r i e s .  A t  l a s t  count  t h e r e  were 175 a c t i v e  Techn ica l  

Commi t t e e s  r e s p o n s i b l e  f o r  3,750 pub l  i shed  standards ( I n t e r n a t i o n a l  

Standards Organ iza t i on ,  1979). 

To achieve i n t e r n a t i o n a l  harmoniza t ion  i n  t h e  design of c o n t r o l s  

and d i s p l a y s ,  I n t e r n a t i o n a l  Standards Organ iza t i on  Techn ica l  Committee 

22, Subcomi  t t e e  13 ( IS0 TC22/SC13) "Ergonomics o f  Road Veh ic les  , " was 

formed i n  t h e  l a t e  1960's.  That  committee has met annua l l y  s i n c e  1969. 

Represented on Techn ica l  Commi t t e e  22 a r e  14 member n a t i o n s  : A u s t r a l  i a  , 
Be1 g i  urn, B r a z i  1  , B u l g a r i a ,  Czechoslovakia, France, Germany, Hungary, 

I r a n ,  I t a l y ,  Japan, Nor th  and South Korea, Mexico, New Zealand, Poland, 

Rumania, South A f r i c a ,  Spain, U.S.A., U.K., U.S.S,R., and Yugoslavia.  

Most a c t i v e  have been France, I t a l y ,  Sweden, Germany, U.S.A., and t h e  

U.K .  

Repor t ing  t o  Subcommittee 13 a r e  s i x  Working Groups. Working 

Group 3  (WG3) i s  concerned w i t h  c o n t r o l s  and d i s p l a y s  l o c a t i o n .  Sub- 

committee 13 and i t s  Working Groups have been q u i t e  a c t i v e .  (Fo r  

some o f  t h e  d e t a i l s  o f  t h e  o r g a n i z a t i o n  and h i s t o r y  of TC 22, see 

A t k i n  (1973).  For  an overv iew o f  c u r r e n t  TC 22/SC 13 e f f o r t s  see 

Simmonds (1979).  

Because TC 22/SC13/WG3 ongoing a c t i v i t i e s  a r e  n o t  cons idered 

ma t te rs  f o r  general  publ  i c  rev iew,  n e i t h e r  a  document-by-document 

rev iew  no r  a  l i s t  o f  documents w i l l  be presented.  I t  shou ld  s u f f i c e  

t o  say t h a t  WG3 e f f o r t s  have been ex tens i ve .  (Several  TC 22 Committee 

members have expressed t h e  view t h a t  many documents were produced f o r  

i n t e r n a l  d i scuss ion  o n l y  and t h a t  p r e s e n t i n g  them here  would o n l y  be 

m is lead ing . )  

ECE. Para1 l e l  t o  IS0 e f f o r t s  a r e  those o f  t h e  Economic Commission - 
f o r  Europe (ECE). Th is  o r g a n i z a t i o n  i s  a branch o f  t h e  Un i ted  Nat ions .  



The Comi ssi on headquarters are in Geneva. Activities concerning 

automobiles are handled by the Group of Experts on Vehicle Construction - 
Working Party 29 (WP29). They report t o  E C E  headquarters through the 

Inland Transport Committee. Belonging t o  Working Party 29 are regula- 
tory officials from a l l  European nations and the U.S. Department of 

Transportation. This group i s  charged with the duty of producing model 

regulations which are adopted by the national governments fol lowing 

their  sign-off in New York. Proposed documents are supposed t o  be 

sponsored by two contracting governments who theoretically are the 

f i r s t  t o  a d o p t  them. Activities within WP29 take place within a series 

of groups known as Groupes Des Rapporteurs (GR's). With regard t o  
control standardization, the group of interest  i s  G R S G ,  whose mandate 

i s  safety. - 

While active in the past, WP 29 has tended t o  rely on TC 22 for 

standards development . 
E E C .  The E E C ,  or European Economic Community, a1 so known as the - 

Common Market, has also been active in establishing vehicle regulations. 

The author has not been able t o  obtain any information regarding the 

structure of standards-generati ng groups associated with the Brussels - 
based organization. 

ANSI. The American National Standards Insti tute (ANSI) i s  the - 
1 ead organization for voluntary standards development in the United 

States with headquarters in New York. I t  i s  through ANSI that dele- 

gates are appointed t o  represent the United States on IS0 Commi t tees .  

Other nations have organizations equivalent t o  ANSI (e . g . ,  BSI (British 

Standards Institution) , AFNOR (Association Francoise de Normal isa t ion) ,  
and  DIN (Deutsches Insitut fur Normung). 

S A E .  The Society of Automotive Engineers (SAE) i s  the largest - 
organization of professionals concerned with the development and 

manufacture of transportation equipment . That organization 
sponsors technical pub1 ications , professional meetings, a n d  in general , 
fosters communication among automotive engineers. I n  addition, SAE has 



an a c t i v e  group o f  comni t t e e s  respons i  b l  e  f o r  t h e  development and 

d isseminat ion  o f  design p r a c t i c e s ,  standards, and o t h e r  t e c h n i c a l  

in fo rmat ion .  

Respons ib i l  i t y  f o r  mu1 t i  f u n c t i o n  c o n t r o l s  w i t h i n  t h e  Soc ie t y  o f  

Automotive Engineers (SAE) r e s t s  w i t h  t h e  M u l t i f u n c t i o n  Cont ro l  Task 

Force.  That  group r e p o r t s  t o  t h e  Cont ro ls  and D isp lays  Subcommi t t e e  

t h a t  i n  t u r n  r e p o r t s  t o  t h e  Human Factors  Eng ineer ing  Commi t t e e .  

MVMA. The Motor  Veh ic le  Manufacturers Assoc ia t i on  (MVMA) of t h e  - 
United  Sta tes  i s  t h e  motor v e h i c l e  manufac turer 's  t r a d e  group i n  t h e  

U.S.  I t  has 12 member companies (American Motors, Checker, Ch rys le r ,  

Ford, F r e i g h t 1  i n e r ,  General Motors, I n t e r n a t i o n a l  Harves ter ,  The No1 an 

Company, PACCAR, Wal t e r  Motor Truck, Vol kswagon, and White ~ o t o r )  , 

MVMA supports research ( f o r  example t h i s  r e p o r t ) ,  mon i to rs  government 

r e g u l a t o r y  a c t i v i t i e s  a f f e c t i n g  t h e  i n d u s t r y  and disseminates compre- 

hensive s t a t i s t i c a l  data d e s c r i b i n g  v e h i c l e  p roduc t i on  and use (MVMA, 

1979).  It does n o t  develop standards though i t  does comment on them. 

A c t i v i t i e s  i n  regard  t o  c o n t r o l s  a r e  handled by t h e  Human Factors 

Eng ineer ing  Subcommittee. As a  few members o f  t h a t  committee a l s o  

belong t o  the  SAE Con t ro l s  and D isp lays  Subcomrni t t e e  and t h e  U.S. 

Technical  Advisory Group t o  IS0 TC22/SC13, communication between those 

groups i s  f a c i l i t a t e d .  

AIA. The Automobi 1  e  Impor ters  Assoc ia t i on  (AIA) represents  veh i  - - 
c l e  producers who s e l l  b u t  do n o t  manufacture v e h i c l e s  i n  t h e  U.S. 

( A l f a  Romeo, BMW, B r i t i s h  Leyland, C i  t r oen ,  F i a t ,  Honda, Isuzu,  Lotus,  

Mazda, M i  t s u b i s h i ,  Nissan, Pdugeot, Renaul t , Rolls-Royce, Saab-Scania, 

Subaru, Toyota, and Vo lvo ) .  I t  i s  much sma l l e r  and l ess  a c t i v e  than 

MVMA. I t does n o t  generate standards and supports a  minimum of research.  

The people be long ing  t o  t h e  AIA Safety Committee are,  f o r  t he  most p a r t ,  

d i f f e r e n t  f rom those on the  SAE, US IS0 TAG, and MVMA Committees. 
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FOREWORD 

150 (the lnternational organization for Standardization) i s  a worldwide federation 
of national standards institutes (IS0 member bodies). The work of developing 
lnternational Standards is carried out through IS8 technical comminees. Every - 
member body interested in a subject for which a technical committee has been set 
up has the right to be represented on that committee. lnternational organizations, 
governmental and non-governmentai, in liaison with ISO, also take part in the work.' 

Draft lnternational Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as lnternational 

- Standards by the IS0 Council. 

lnternational Standard IS0 4040 was developed by Technical Committee 
ISOTTC 22, Road vehicles, and was circulated to the member bodies in 
January 1976. 

I t  has been approved by the member bodies of the following countries : 

Austria 
Belgium 
Brazil 
Bulgaria 
France 
Hungary 
Iran , 

Italy Romania 
Japan South Africa, Rep. of 
Korea, Dem. P: Rep. of Spain 
Korea, Rep. of Sweden 
Mexico U.S.A 
New Zealand . L9.S.S.R. 
Poland Yugoslavia 

, The member bodies of the following countries expressed disapproval of the 
document on technical grounds : 

Czechoslovakia 
Gennany 
United Kingdom 

B. Im.mrlbnrl Oqmiat ion for Strndrdiution, 1977 

P r i n t d  in Switzalrcrd 



I - N ~  ERNATIONAL STANDARD , ISQ 4040.19'77 (E: 

. n  .. 

~ ' o a d  vehicles - Passenger cars - Location of hand controls, 
indicators and tell-tales 

. 

There is a recognized potential for errors in the selection of 
controls essential to the safe operation of a vehicle, if these 
controls are not similarly located in a l l  vehicles. Therefore, 
the nandardization of these control locations must be 
considered a logical and beneficial design objective since 
drivers have an ever increasing opportunity to change from 
one vehicle to another. 

1 SCOPE 

This International Standard lays down the location of the 
controls in road vehicles, by subdividing the space within 
reach of driven into specific zones to which certain 
controls essential to the safe operation of vehicles are 
assigned. 

2 FIELD OF APPLICATION 

This lnternational Standard applies to hand.operated 
controls, to indicators and to tell-tales, for left- and 
right-hand drive passenger can as defined in I S 0  3833, 
subclause 3.1. 

3 REFERENCES 

I SO 3833, Road vehicles - Types - Terms and def;nitions. 

IS0 3958, Road vehicles - Passrnger cars - Driver hand 
conrrol reach. 

IS0 . . ., Road vehicles - Dererminarion of the H poinr 
and definition of the R point ) 

4 2  operational area of a control : The area swept by 
those pans of a control which are activated by the hand 
while the possible modes or positions are selected in the 
manner iniended by the designer (see figure 1). 

4 3  display area of an indicator OP tell-tale : The area, 
which includes the identification of the quantity displayed 
and those portions required to determine its level at any 
point within the usable capacity of the inhumentation. 
It need not include, for example, bezels or the manufac- 
turer's type number (see figure 2). 

4.4 steering wheel plane : 7 h e  plane passing through the 
upper surface of the steering wheel rim (see figure 3). 

4.5 steering wheel axis : The line a t  right angles to the 
steering wheel plane, passing through the centre of rotation 
of the steering wheel rim. 

5 REQUIREMENTS FOR LOCATION OF CONTROLS 

5.1 The operational area of the following controls, when 
fitted to a car, shall be located to the left of the reference 
plane : 

- driving lights control; 

- side and rear lights control; 

- driving light/passing light dip control; 

- optical warning control; 

- direction indicator control; 

- emergency braking control (right-hand drive only). 

5 2  The operational area of a control for the audible 
warning (horn) shall be located (see figure 31 : 

a) between two planes parailel to the steering wheel 
4 DEFINITIONS plane, one 10 mm above and the orher 130 mm below 

the s~eering wheel plane; and 
4.1 reference plane : A vertical plane parallel to the 
longitudinal axis of the car, within a zone 50 mrn to b) within a cylinder which extends 50 mm beyond the 
either side of the centre of the designated seating position periphery of the steering wheel rim and whose axis i s  
for the driver at :he R point. on the steering wheel axis. 

11 In preoaration. 



In addition, not less than half of this control operational 
area shall 

- either l ie to the left of two planes which intersect 
along the steering wheel axis, and whose intersections 
with the steering wheel plane are at 50' and 130' to the 
left from the reference plane; and shall lie outside a 
cylinder which passes 130 mm inside the periphery of 
the steering wheel rim and whose axis i s  on the steering 
wheel axis; 

-' or lie within a cylinder of 50 mm radius whose axis i s  
on the steering wheel axis. 

Additional audible warning controls may be located 
elsewhere, or operational areas of controls may extend 
beyond the zones described above. 

These assessments are to be made with the vehicle front 
wheels in the straight-ahead position, and the gear selector 
control in top gear, or drive position. ,. 

5.3 The operational area of the following control, when 
fitted to a car, shall be located to the right of the reference 
plane : 

- emergency braking control (left-hand drive only). 

5.4 The controls-listed in 5.1, 5.2 and 5.3 shall be within 
the operational reach of  drivers as defined by IS0 3958. 



Extreme location 
Operational area of the control of the control 

FIGURE 1 - Operational area of a control 

Subarea A 

Display of the information 
given by the pointer 

Sub-area B 
Example of display area 
of other information 

FIGURE 2 - Example of display area of indicston 

. - 273 



Dimensions in milllmetrer 

- I 
I 

Steer~ng wheel  axis 

FIGURE 3 - Location of horn control 
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DESIGN CRITERIA-DRIVER HAND CONTROLS 
LOCAT10N FOR PASSENGER CARS, MULTI- 
PURPOSE PASSENGER VEHICLES, AND TRUCKS 
(1  0 000 GVW AND UNDER) -SAE J 1 138 

1. Smp-The p u r p e  of this SAE Recommmded Practice is to dacribe 
daign criteria pertaining to the location and labeling of hand controlr neccs- 
uy to or frquently wed during the operation of pauenga can, MPV, and 
VU& 10 OOO G W  and under. The m u l u  of SAE human facton rrsearch 
have strongiy influenced t h e  rrcommendarionr, specifically in the areaa of 
driver reach, control-locating performance, and control location expectancia. 
Deviations from this recommended practice should be made only after careful 
study of the variou SAE publications on t h e  subjecu, a~ referenced here 
m d  in SAE 51139 (September, 1977), Supplemental Information-Driver 
Hand Convoir Locarion for Pacrenger Can, MPVs and Trucks (10 000 GVW 
and Under). 

2 I--The location of e n t i a l  controb should be bued, insofar 
;u p d b l e ,  on performance rather than design comideatioru and must be 
governed by human engineering practice u it penairu to hand reach, visibil- 
ity, identification, and operating mode. T h a e  consideratiom may be mutually 
exclusive, in certain vehicles, because of conflicting daign requirements. In 
thee wa, the recommended practice should be followed starting with the 
highat priority consideratiom until d l  available control location space h u  
ken wd 

Any restriction in the location of controls and display must respect the 
nctd to aceommodare not only d e t y  qu i remenu and seniccability, bur also 
the spatiai qu i remenu neceuaq to package the components behind the 
control and display surface. Thne  ratrictiohc in contml locations am not 
intended to preclude the adoption of new control innovatioru or inventions 
h a t  may be superior to known technology and which could result in safer, 
more efficient operation oi  the vehicle. It should be recognized that different 
d m  of vehicla such as truck may require different control locatioru 
b e e m  of their distinct environment. 

3 Tmn Dejinitionr 
3.1 Driver Hand Control Reference Plane-h vertical longitudinal 

plane through the stcenng wheel center Y coordinate. 
3.2 Driver Hand Control Operational Area-The area or rcqion swept 

by those pans of a cnntml which m activated or contacted by the hand while 
the contml is in ail rile pcluible mode or p i t i o m .  (Set Fig. 1.) 

SAE Recommended..Practice 

EXTREME L I M I T  O f  CONTROL 
L o P E R A l l O N A L  AREA OF CONTROL 

FIG. 1 4 P E M O N A L  AREA OF CONTROL 

3.3 Driver Hand Control Display Area-The area which includa the 
identification of the control and those ponions required to determine iu 
position at any point within its range. It need not include, for example, bezek 
or manufacturcn' type numben. (See Fig. 2 and SAE J1050a ( J a n u q ,  
1977).) 

3.1 Prim~ry Driver Hand Controls-Those controls euentiai to the 
operation of a vehicle. 

3.5 Secondary Driver Hand Controls-Those hand operated controlr 
other than primary conrrols, intended for use by the driver when the vehicle is 



4.4 The follow~ng dnver hand con~roir should be labelcd w ~ t h  words or 
wora  and svmbols 

O I S P L A Y  AREA O F  A CONTROL 1 

Primary Dr ivu  I S ~ a n d a r y  Dr ivu  
Hand Controls Hond Controls 

WasherMipu Control(r) 
Haadlamp Control 
D*hortu Control 
Hozord Florhu b n t r d  

Climate Contrd Functions 
Vent Remote Consrd 
Cigarette Lighter 
Ashtray 
Accessory Contmlr 

4.5 The followinq driver hand controls should be located to the left of the 
reference plane. A differrntiation between the operating moda of the head- 
lamp control and the washer/wiper control(s) should exist. 

FIG. 2-DISPWY AREA OF A CONTROL Primwy O r i v r  Sacondory Driver 
Hand Controls I Hand Centrals 

in motion for comfort and convenience, and those other controlc not required 
for the principal operation of the vehicle. 

4. D e e  C n t d  in Ordm of 
4.1 The operational area of the following primary hand controls should 

be within the reach of a driver wearing a lap and shoulder restraint and the 
following secondary hand controls should be within a h  of a driver wearing 
a lap belt only. (Reference SAE 5287 (July, 1976), Driver Hand Control 
Reach.) SAE 1287 (Jdy, 1976) &jfncs reach c a p a b i l i  undn s p a i j c  conditionr o/ 
fingn pup contml oprratim fm taw restraid conditions; a diagonal non- tx tnd iy  
shouldn strop w i h  lap belt and lap brlt onlp. FFgntip op"attd c m m k  may pmnrt 
great- rruh, w h l  Jill hand g w p  opnattd control my r m l t  in l r s tn  r e a h  In 
oddition, a d i o g o d  cxtmding rhouLh strap may penntl grratn reach 6 t h  a mn- 
extmdinj rhouidn strap. 

h i m q  Drivn H o d  Contds  1 k c a m d y  D r i m  Hand Controls 

4.2 The audible horn control 8hould be located on the steering control. 
4.3 The display area of the following driver hand conwols should be 

within view of the restrained driver with head movement so as to permit 
identification. Area obscured by the steering control are defined in SAE 
J1050a (January, 1977), Desuibing and Measuring the Driver's Field of View. 

Stwrtnq Contrd 
Gearsh~fi Control 
Turn Signal bntrol  
lgnit~on Contrd 
h d i b k  Horn Contrd 
Hwdbmp Dimmu Connd 
Wosher/Wipu bn tml ( r )  
tiaadlomp Conwd 
Dekoctn b n t r d  
Horad Flarhr b n t r d  
Hond Bra&* 

Primary Driver I Sacandory Dr ivu  
H a d  Controls Hand Controls 

Haadlamp Opticd Worning Conwd 
Uimat* Control 
R o d i i  b n t r d r  
Vant Rmot* b n t r d  
Cigoretta l q h t u  
A r h k q  
Accassory b n n o l r  

~ o r h u / W i p a r  Contrd(r1 
tieadlamp b n t r d  
Dehortu Control 

€limate b n t r d  
Radio Control 
Vent Remote b n t r d  
Cigame Lighter (rxcept in tho 

o r h t w l  
& h t f q  
Accassory Controls 

Turn Signal Contrd Hrodbmp Optied Worning b n t m l  
Headlamp Dimmer Contml 
WosherMipr Controi(s) 
Haodlamp b n t r d  

Gearstiih Control 
Ignition b n t r d  
Dahosiu Control 
Haxcrd Aorhr Contrd 

4.6 The following driver hand controlr should be located to the right of 
the reference plane. 

Climate b n t r d  
Radio Controls 
Cigarette Lighter 
Ashtray 

Primary Dr ivu  
Hand Contpols 

4.7 Controls not specifically mentioned in this recommended practice 
should be located insofar as possible in accordance with SAE publicariom 
concerning driver reach, control-laating performance, and utpectancid. 

5. Refwmcer  
5,1 SAE 5287 (July, 1976), Driver Control Reach. 
5.2 SAE 51048 (September, 1974), Symbols for Motor Vehicle Controls, 

Indicators, and Tell-Tala. 
5.3 SAE J1050a (January, 1977), Describing and Measuring Driver's 

Field of View. 
5.4 J. J. McCrath. "Driver Expectancy and Performance in Locating 

Automotive Controls," SAE SP 407, presented at SAE Auromotive Enginnr- 
ing Congress and Exposition. Febmary 23-27, 1976. 

5.5 SAE 51139 (September, 1977), Supplemental Information Driver 
Hand Controls Location for Passenger Can, Multi-Puqmc Parsenger Vehi- 
cla, and Tmclo (10 000 GVW and Under). 

5.6 SAE J 1100a (September, 19751, Motor Vehicle Dimensions. 

Serondory Dr ivu  
Hand Controls 
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SUPPLEMENTAL INFORMATION-DRIVER HAND 
CONTROLS LOCATION FOR PASSENGER CARS, MULTI- 
PURPOSE PASSENGER VEHICLES, AND TRUCKS 
( 1  0 000 GVW AND UNDER)-SAE J 1 139 SAE Information Report 

- - 

hpm d Hwm.. f a a  I n r w m n e  O n m l r t n  I- +rmm 19'7 

Thts iniormai~on repon should k ured u a supplement to SAE JI IJB 
[September. 1977). D n ~ g n  Crttcna-Dnvcr Hand Controls Laeat~on for 
Pyrenger Can. .Mult~.Purpox Pyrcnqrr Veh~cln. and Tmcb  110 Ca] CVW 
and Under) I t  ts ~niended to p rw~de  ?ddutonai information <\hlch is Impar. 
tant to the automotive daiqner and engtnur In the p m n s  OF dn~gn~ng. 
dweioptng, and c n g m n n g  the ~ lu immmc panel. 
I. Gnad-The quntton oidnvcr hand controls location u a complex one 

!Vhlle there u a gmenl :celtnq that dnnments In perlormancc In I m t i n g  
and operrtlnq contmb mav ailect the safety wlih which a vehtcle u cQented. 
there is no d ~ d  cvtdmce llniunq ~ i d e n u  wlih the ~nadvenmc operation o i  
automottve contmb or ra the tnabtltcv to locue an a n t l a 1  cnntml tn a rtmelv 
manner 

The hnacapa  stud^^ and final SAE rcpon SF407 ~ndlcaie that ermn and 
-nu r lmn  lncrrue when hand concmb are not located In thnr expected 
locanon and that thu offcn the pocenetal for a decmnmt In opentor per. 
lonnmce. The mewre  or mnwuence of the demmeni h u  nor yet been 
dnenntned and may never be d ~ m n i n e d  in a totdly objective mmner. 

Howevn. II there is n w t m i i d  ~mDmvment In ooerator oafonnancc. 
which could be achieved b; the lontloo; ofcenain handcontmk thm rhai ia 
the g d .  

Xumemur studia, including An.c~p&I  indiute that d n v m  quickly adapt 
to a n w  conimi wiihin a n w  envimnment after the Rot [rid. wtih both 
mpnx time and ermr ra ta  reaching wm ru levels Other srudia, ayain 
including hnacapr show a number of d n v m  reponlny own rm contml laa. 
tion diRicultlk 

The .Anlupa "Anrlylts OF &pmulcia o i  Eumpean D n v m  and the 
Commodirv .d Automor~ve G n t m b  L r a i ~ o n  on Eumpean C a d  study 
(Ref. 61, has demonrmied that d n v n  popuiaiiolu ha- distinct conimi 
l m t i o n  expctancio and t ha~  thew expectancia v q  by cwnrry and by c u  
IT. Although the Anacaoa studio show thai there are daremmu In re. 
spanx time and ermr performance when a contml 1s locaicd In an arca ocher 
than the cxpxted one, the Eumpean driver studv (247.1) shows that the 
driven m u c  an attempt to adapt to the unfamtl i~r veh~cle envimnmmr. 

The Anrooa studv (Ref. 4). demonrtnta that eroectann 1s b a d  on chc 
dnver's total expenmca not jut ha  m a t  m c n i  exanence Thu  mav ac- 
count for thme dnvcn st111 reponlnj the contml Iaauon d t f i u l e ~ o  with the~r 
own can die extenacd use z shown in the "Problem Incidence Survcv- 
Own Car Dnvcn' Thee r a u l u  suggett rhai some degree o i  loucron stand- 
arduai~on ourhr to Imomve dnver cerfonnancc :or both the fin1 uw ana the 
extended u x  sttuatlon 

One of the m a t  immnant iacton In  the Anacsp rewmh uTcntng the 
dnvcrs a b l l l ~  to laate conimls was the praenn or abxncc o i  l a k l ~ n q  
L b d l n g  x u  found to be m n t ~ a l  to lout lnq contmir a d  rqn~l icrnt lv 
tmpmved dnver r performance. Howevn. the m u l u  indicate thai for comua. 
rablv labeled mntmb, the actual l m t l o n  venu  the cxpxtcd loutton was the 
p n m q  factor 

One addittonal rindlnq whlch should nor be ~qnomd concerntnq ~nstnrment 
panel contmb loorions -bui may be o ievm more tmponance ~n muitt.func- 
tion conimk u the clufrr m'rc~ There 18 a clutter effect t i  tm manv or v a n d  
contmls are located In a grven arm b the number oicontmls Increase so do 
the ermn and rnwnse tima. 

1r 1s usumed from thecompanson ot tne iinataqr In the 4nacapa European 
and Japanese dnvcr studv venu  the Amcncan dnvcr studv and fmm the fact 
that the current Ammcan pmauctton c a n  already pouar a yeaier d e p c  o l  
commonalitv ~n controls loutton tnan do the Eumpean and Japanew can. 
that the 4mcncnn dnven have a niqher degrre o i e x ~ t a n c y  and theretore 
better Denormancc I t  shows that there u ieu commonalitv ofconrmL lm- 
IION on Eumaan and Japan- can ana that u a conxqumcc the Probabtl- 
~ t v  o i  Conlirmcd Exmcancv ov r h m  dnvcn In  thew c m  IS letr than Amen. 
can dnvcn in Amcncan can. 

B u e d  upon the ava~table menrch ~niormauon it IS concluded that ccnatn 
pncttcn should be adhered to tn the dniqn. devcio~mcnl, and enqrneenng of 
the irutrvmml panel 

Incorplrated in th~s report m pa~ l l ve  pmwu is  as well dntgn pracrlm 
whlch should be avn~dcd 

I ARROW INOICATES OIRECTION OF / MOVEMENT FOR OR INCREPSE 

I CONTROL / 
I O R l E M d T q  VERTICPL / HQRIZCMPL 1 

FIG. I-ASSUMED DIRECTION OF COthTUOL hIOVESfENT FOR 
O N  OR INCREASE 

2. spmJ% 
21  CipueIle Lighter-It u c x p x t d  to be new or ~n the untrav 
22 Len1 Remote Control-h relocation In an area ocher than ~ t s  ex- 

pected location to the nghc of tnc reCmnce olace cause perionnance dure- 
ments ana should be avotdcd. I t  13 e~pcctcd to be ~ncorwrated In or located 
n w  the climate controt 

23 Hood Release-A location In an areaorher than iuexpcted lffauon 
to tne left of the reierencc plane wouid be tnconvcn~ent 
1 Opmmn-The conclvs~ons o i  tn~s lnlonnarton mpon were made ~n 

consldcnr~on o i  the but= human facton qu~deltnn on aincrron 01 naclsn nnnn. 
'WR IS= Flq 1 ) 

4 Prorneer fa bdwm'dd-Example 01 the tvpe ot conairtons wntcn should 
be avotded 

4.1 Par~inq brake and hmd re l ew  wn~ch are located m e  bv ride, and 
look w ~ k e  

4.2 Clmaie control whlcn r dnlqncd In ruch a wav = to have the 
appearance o i  a radto. 

4.3 bhtrav vhtch 2s d~fficuit to Iffate 
j. H d A w l d m v t - a u a u s e  o i  [he h~gh expctancv oF:he Cn~red S t a ~ n  

dr~ven to And ccrrvn nxn t i a l  ooeratlne cuntrols on the same ride of the 
reicrence plane or In the nmc  arca care rnould be excrc~sed In the dn~qn  o i  
contmls to pmwde dtilercnca ~ n :  appearance, tactlie rccoqnltlon. ana the 
mcda OF operatton. 
6. Rd/mnc* 

6.1 SAE ]?87 cjulv 19761. Drover Contrni Reach 



6.2 SAE 51048 (September, 1974), Symbols for Motor Vehicle Controls, 6.5 SAE 51138 (September, 1977). kip Criteria-Driver Hand Con- 
Indicaton, and Tell-Tala. tmls Location for Pacsenger Cam, Muti-Purpose Pwenqer Vehicles, and 

6.3 SAE J1050a (January, 1977), Describing and Mearuring Driver's Tmckc (10000 GVW and Under). 
Field of Vim. 6.6 J. J. McCrath "Analysis of Expectancies of European Driven and 

6.4 J. J. McGrath, "Driver Expectancy and Performance in Locating Commonality of Automotive Controls Location on European Can", 24i-1 
Automotive Controls", SAE SP 407, presented at SAE C o n w  February September 26, 1974. 
23-27, 1976 
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RULES AND REGULATIONS 
- 

' [4910-591 

CHAPTER V-NATIONAL HIGHWAY 
TRAFFIC SAFETY ADMINISIRA- 
TION, DEPARTMENT OF TRANS- 
PORTATION 

[Docket No. 1-18: Notice 131 

PART 571-FSDERAL MOTOR 
VEHICLE SAFETY STANDARDS * 

Controls and Displays 
AGENCY: National Highway Traffic 
Safety Administration, Department of 
Transportation 

ACTION: Final rule. 

SUMMARY: This notice expands the 
application of the standard for the lo- 
cation. identification. and illumination 
of driver controls and displays (e.g.. 
gauges and meters) by establishing r e  
quirements for additional controls and 
by introducing selected displays 
which, if furnished, must be located 
and illuminated under specified condi- 
tions and identified by a specified 
symbol and/or selected word. The pur- 
pose of the requirements is to encour- 
age international standardization and 
harmonization of controls and displays 
in order to convey information more 
quickly to drivers and with less chance 
of human error. This will reduce t h e  
interval during which a driv.erls atten- 
tion is diverted from the roadway to 
his controls and displays, thus decieas- 
ing the possibility of an accident. 
EFFECTIVE DATE: September 1. 
1980. 
FOR FVRTHER INFORLUTION 
CONTACT: 

Mr. Nelson Erickson. Office of 
Motor Vehicle Programs. 400 Sev- 

. enth Street SW.. Washington, D.C. 
20590, 202-426-2155. 

St'PPLEhlENTARY INFORMATION: 
This notice establishes new require- 
ments for the location, identification, 
and illumination of controls and dis- 
plays in passenger cars, multipurpose 
passenger vehicles, trucks, and buses. 
The new rule is designated 49 CFR 
571.101-80, Controls and Displays, and 
becomes effective September 1, 1980. 
The existing rule on this subject, 49 
CFR 571.101, Control Location, Identi- 
fication, and n:umination, is amended 
to permit, at the vehicle manufactur- 
er's option, compliance with that  
standard or the new requirements of 
Standard No. 101-80 before September 
1. 1981. 

On October 21, 1976, the National 
h'ighway Traffic Safety Adrninistra- 
tion published (41 FR 46460) a notice 
proposing to update the existing con- 
trols and displays standard (Standard 
101) by incorporating all pertinent 
amendments and interpretations pub- 
lished since the original issuance on 
January 31, 1967. It also proposed to 

consofidate the control and display re- 
quirements of other standards in one 
regulation. This notice takes final 
action on that proposal. All comments 
were considered and the major ones 
are discussed below. 

The notice issued in October 1976 
proposed that most controls and dis- 
plays be required to be identified with 
specified symbols which are interna. 
tionally standardized. Words would 
have been permitted in addition to the 
symbols, although the choice of words 
would have been limited to ensure uni- 
formity. Specified words would have 
been required for those controls and 
displays for which no symbols had 
been established. 

The rationale behind the proposed 
requirement of symbols was that  they 
can convey information more quickly 
and with less chance of human error 
than words. This is particularly true 
with respect to the large foreign lan- 
guage speaking population of this 
country. By simplifying the identifica- 
tion of controls and displays, the 
standard should reduce the problems 
resulting from driver's attention being 
diverted from the roadway to his con- 

. trols and displays. An additional bene- 
fit cited in the proposed notice is that  
manufacturers who sell vehicles both 
in and outside of the United States 
could realize significant cost savings 
by utilizing internationally standard- 
ized symbols. 

T h e  National Motor Vehicle Adviso- 
ry Council and the Vehicle Equipment 
Safety Commission did not take posi- 
tions on the proposal. The majority of 
commenters favored the use of sym- 
bols in the interest of international 
standardization and harmonization. 
The  final rule, therefore, requires the 
use of symbols and allows the use of 
additional words if the manufacturer 
so chooses. 

One of the major concern of manu- 
facturers commenting was that the 
proposed rule-would inhibit the design 
and development of electronic "rea- 
dout" panels which can effectively 
present to the driver specific informa- 
tion concerning vehicle and environ- 
mental conditions affecting safety. 
These displays are currently capable 
of exhibiting information and warn- 
ings with word messages and not with 
symbols. The optional use of symbols 
or words will permit the continued de- 
velopment of informational readout 
displays. The NHTSA supports the de- 
velopment of more efficient and effec- 
tive control and display inforrr.ation 
systems and has, consequently, per- 
mitted informational readout displays 
to be identified by words only so as to 
not impede the develogment of elec- 
tronic displays. 

The symbols that u e  permitted by 
this rule to identify conrrols and dis- 
plays are those developed by the In- 
ternational Standards Organization 

(ISO). BY specifying symbols adopted 
by the ISO, this agency is facilitating 
t h e  achievement of an international 
uniform identification system. New 
symbols for five controls and eight dis- 
plays are added to those presently des- 
ignated in the existing standard. Addi- 
tional symbols will Be added when the 
NHTSA determines which ones will be 
readily recognizable, thus reducing 
driver diversion. 

Some commenters noted that a few 
of the symbols, such as the clearance 
lamp symbol, deviate slightly from 
those adopted by the 1.50. The 
NHTSA, while basing its symbols on 
those developed by the ISO, is not 
specifying I S 0  symbols which it deter- 
mines vUI not adequately convey the 
intended message. Thus. the symbols 
proposed in the October notice are 
adopted, even though some of them 
deviate from the I S 0  symbols. Some 
existing I S 0  symbols are not included 
in this final rule due to the fact that  
additional data are needed on their 
recognizability. When such data have 
been accumulated and analyzed, the 
NHTSA will determine whether the 
symbols should be added to Standard 
101-80. 

A few commenters suggested the de- 
letion of the symbols for the turn 
signal and high beam tell-tales be- 
cause these have long been identified 
by color and operate only after delib- 
erate operation by the driver. It is the 
belief of the NHTSA that these syrn- 
bols should be retained. They are nec- 
essary to educate new drivers, to act as 
reminders to those who drive infre- 
quently, and to further the uniformity 

-and harmonization of symbols. I t  
should be noted that the turn signal 
was inadvertently omitted from Table 
I. I t  was. however, listed in S5.1 a s  one 
of the hand-operated controls and dis- 
cussed in the preamble. 

Another question that was raised 
was whether the manufacturers could 
use symbols that  deviate from those 
designated in the standard. As stated 
in previous notices on controls and dis- 
plays, minor deviations are allowed. as 
long as the symbol used substantially 
resembles that  specified in the stand- 
ard. 

Several commenters raised concerns 
about the color of various ssmbois. 
The hazard rarning telltale was inad- 
vertently designated as green in the 
proposed rule. That  color should be 
red and the final rule has been cor- 
rected to reflect this. Several com- 
menten mentioned that because of 
the technology of light emitting 
diodes, telltales are technologically 
feasible only in ye!louV, green. or red. 
One commenter noted that neon gas 
discharze displays emit a character:s- 
tic neon red-orange light, rather :han 
red. These displays race high in incen- 
sitp, durability, zndtreliability ai?d are 
low in cost. Because of these factors, 
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the final rule has been amended so redesign or model changes. Because of eten the manufacturer is required to 
that a designation of the color red can these concerns. the agency has decided clearly label the approvriative displa?. 
be either red or redorange and the that vehicles over 10.000 pounds The proposed effective date for this 
color blue may be either blue or blue GVWFt need not meet display require. rule was September I. 1979. Due to the 
preen. menb of this standard. They must. numerous comments received. indicat 

Many of those commenting objected however, meet the control require- ing that more lead time would be de- 
to the prohibition of any words other men& sirable in order to permit the conver- 
than the words specified in the table. A lYge number of commenters re- sion of contmls and displays to coin- 
The N H T S A  has decided, to permit quested that the location of the con- . cide with routine redesign of various 
the manufacturer to use additional tmls and displays be unFfonn. AD add- vehicle models, an effective date of 
words, but only for clarification. For tional request aras made to require September 1,1980, has been adopted. 
example, the manufacturer may com. common Eanieft to maintain illumina- The primary authors of this notice 
bine an instruction aith the specified tion' devices on all equipment. While are Mr. Nelson Erickson, Office of 
identification, such as "pun to de- these recommendations are'noteaor- Motor Vehicle P r o w .  and Ms. 
frost." or it mag use another word for thy. they are not the s~b jec t  of this Kathleen DeMeter, Office of the 
the purpose of clarity. such as 'un- rulemaking action, but will be consid- Chief CounseL 
leaded fuel only." The manufacturer ered for possible future rulemaking. In consideration of the foregoing. 
arill be permitted to describe the In the October proposal, it was spec- Part 571 of Title 49 of the Code of 
"automatic vehicle speed system" in ified that the control identfLiicatioa be Federal Regulations is amended as fol- 
words of his choosing because over the placed on or adJacent to the particula,r lows- 
Years customers have become used to control. The &play identification on 1. S4 of § 571.101, C o n t ~ l  Z O C U ~ ~ O %  
the various descriptors. such as "cruise the other hand, was to be placed on identifixation, and illuminati074 is 
control" and "speed controt" which the .display, unlev the exposed por- amended to read' 
manufacturers have used. The NHTSA tion of the lens was In the shape of 
does not believe that either descriptar the required idmtlficatiw The pro- 3 571.101-80 Standard No- Io1* lo- 
is superior to the other. In addition. posal also stated that the identifica- cation. idenMeation, and illumination. 
the manufacturer WU be permitted to tion of the high-beam Indicator and of.  

# 

describe the "automatic gear position" any gauge could be placed on or adja- * 
by words Of his C ~ O O S ~ ~  S h e  thest? Cent the dlsplay that it identLfi& ~ 4 -  Each passenger 
~0ntr0& are wns~icuous 8nd autbm?t. In response to t h e  comments that multipurpose passenper vehicle, 
ic trZXlSmivi0ns are not Uniform. some identification could be met eciud& tru* and bus before 
not providing a park (PI position and well by placing the spmbol sdjaeent to September 1, 1980, d t h  any control 
others With additional gem. In re= the telltale. the NEI'%4 haa decided lwed in or in column 1 of Table 
DOLlSe b One Q U ~ S ~ ~ O S  it Should be leave it U p  to the m a X l U f a ~ w  1, meet either the requiremenu 
noted that "atutomatic gear Pasition" determine whether the identification of this standard or g 571.101-80 of this 
by virtue of its being automatic is not should be placed directly on the Con- part (Standard NO. 101-80) for the 10. 
a hand-operated Control as referred to trol or display or whether an adjacent ation. identlffcatian, and illumination 
in S5.3.1. position would be satisfactory. The of such concro~ 
Ln accordance dth the suggestions final rule does require that the identi- 2. A new 9 571.101-80, Controls and 

of cammenters. the final rule adopts fication be visible t o t h e  driver. Ln re- disphvs,  is added. to read as set forth 
the use of "volts" or "charge" in addi: sponse to one commenter, the NHEU b e i o ~  
tion to "amp" for the electricai charge does recognize that .$he spokes of the . 
telltale and gauge. Many other alter- steering wheel may at times interfere 5 371.101 Standard No. 101-80, controlr 

' nate words were suggested, but the with the visibility of the contmls and and displays. 
hEITSA believes that the ones adopted displays. Tha visibility requirement ~ 1 .  Scope standard specifies re. 
15 the final rule best Convey the a p  be satisfied eVm if the driver pukements for the location, identgifica. 
propriate information. With the needs to make ninimai movements tion, and mumination of motor vehicle 
allowance of additional words. objec- toward the front, to the lef t  and to controls and displays. 
tion to those required should no the right to see the identifications. ~ 2 .  firpose ~h~ purpose of tfiit 
longer remaie The NHTSA has determined that standard is to ensure the accessibility 

Manufacturers of vehicles ovep these &or n w  movements and visibility of motor vehicle contmls 
10,000 pounds gmss vehicle weight have vFrtually no effect on the safe O P  and displays and to facilitate their se- 

. rating (GVWR) objected to the appli- eration of the vehiclc. lection under daylight and nighttime 
Cation O f  this rule to their vehicles. The designation of "m" for kil* conditions, in order to reduce the 
They emphasized that with the in- metres has been corrected in the final safety h-ds caused by the diversion 
creased number of gauges and expand- nrle'to read "W. Anr odometer that of the driver's attention from the driv- 
ed level of display information utilized records distance in Uometres must be ing tesk. and by mistakes in selecting 
by such vehicles. the application of labeled "KILOMETRES" or "W so contmls. 
this rule would result in panels that as to avoid confusion. The October 53. Application This standard a p  
are a "hodgepodge of symbols." It was 1976 proposal provided an option re- plies to pwenger cars, multipurpose 
also asserted that this application garding English or metric units for la- pwenger vehicles, trucks. a d  buses. 
would necessitate redesign of the in- beling speedometers. Any pmposiil Set- S4. D<ftnitions. 
stnunent pmels. possibly increasing ting forth alternatives implicitly car- "Telltale" mears a display that bdi- 
driver diversion instead of decreasing ries with it the possibility that one or cates, by means of a light-emitting 
it. Most heavy duty trucks comply more of the alternatives may become signal. the actuation of a device. a cor- 
a i th  SAErecommendations for the lm mandatory. In light of this and in rect or defective functioning or condi- 
cation simdardization of controls and Light of the decision in Federal Motor tion, or a failure to function. 
displays in the operatois cornpart- Vehicle Safety Standard No. 127, 43 "Gauge" means a display that is 
rnent. The operators of vehicles in the FR 10919, to require speedometers to listed in S5.1 or in Table 2 and k not a 
heavy duty category are professionals record speed in both EngLish and in telltale. 
who are familiar with these standard- metric, this rule' requires that both "informational readout dis?!ar" 
ized locations and do nor need to read speed scales be labeled so as to avoid means a display using light-ernlttlng 
a legend or symbol In addition. heavy confusion Therefore. for dual read- diodes, liquid crystals, or &her electro 
duty t ruch  are not subject to yearly lngs of MPH and km/h on speedom. illuminating desices where one or 
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more than one type of information or 
message may be displayed. 
s5. Requirements. Each passenger 

car, multipurpose passenger .vehicle, 
truck and bus manufactured with any 
control listed in S5.1 or in column 1 of 
Table 1, and each passenger car, multi- 
purpose passengff vehicle and truck or 
bus less than 10.000 pounds GVWR 
with any display listed in S5.1 or In 
column 1 of Table 2, shall meet the re. 
quirements of this standard for the lo- 
cation, identification, and illumination 
of such control or display. 
55.1 Location Under the conditions 

of S6, each of the following controls 
t ha t  is furnished shall be operable by 
the driver and each of the following 
displays that  is furnished shall be visi- 
ble to the driver. Under condftions of 
S6, telltales and informational readout 
displays are considered visible when 
activated. 

--OPERATED CONTROIS 

(a) Steering wheeL 
- (b)H0rn. 

(c) Ignition. 
(dl  Headlamp. 
(e l  Taillamp. 
( f )  Turn signal. 
(g) illumination intensity. 
(h) Windshield wiper. 
(i) Windshield washer. 
(1) Manual transmission shift lever, except 

:ransfer case. 
(k) Windshield defrosting and defogging 

jystem. 
(1) Rear window defrosting and defogging 

system. 
(rn) Manual choke. 
tn)  Driver's sun visor. 
(0)  Automatic vehicle speed system. 
(p )  Highbeam. 
(q) Hazard warning signal 
tr)  Clearance lamps 
(5) Hand throttle. 
( t )  Identification lamps. 

( a )  Service brake. 
(b )  Accelerator. 
(c)  Clutch. 
(dl Highbeam. 
( e )  Windshield washer. 
( f )  Windshield wiper. 

DISPLAYS 
( a )  Speedometer. 
(b) Turn signal 
( c )  Gear position. 
(d)  Brake failure warning. 
(e)  Fuel. 
t f )  Engine coolant temperature. 
( g )  Oil. 
( h )  Highbeam. 
( i )  Electrical charge. - 

S5.2 Identification 
S5.2.1 Any hand-operated control 

listed in column 1 of Table 1 that  has 
a symbol designated in column 3 shall 
be identified by that  syrbol. Such a 
control nay, in addition. be identified 
by the.word or abbre!iation shoun in 
cci~.mn 2. Any sucn control for which 
no symbol is s h o ~ n  in Table 1 shall be 
identified by the word or abbreviation 
shou,n in c0:urnn 2. Additional aords 

or symbols may be used a t  the manu- 95.3.1 Except for foot-operated con- 
facturer's di'scretion for the purpose of trols or hand-operated controls mount- 
clarity. The identification shall be ed upon the floor, floor console, or 
placed on or adjacent to the controL steering colurm. or in the windshield 
The identification shall, under the header area, the identification re- 
conditions of S6, be visible to the quired by 95.2.1 or $5.2.2 of any con- 
driver and. except as provided in trol listed in column 1 of Table I and 
S5.2.1.1 and 55.2.1.2, appear to the accompanied by the word "yes" in the 
driver perceptually upright. corresponding space in column 4 shall 
S5.2.1.1 The identification of a ' be capable of being illuminated when- 

headlamp and taillamp control that  ever the headlights are activated. 
adjusts control and display illumina. However, control identification for a 
tion by means of rotation, or of any heating and air-conditioning system 
other rotating control that  does not need not be illuminated if the system 
have an off position, need not appear does not direct air directly Upon Wind- 
to the driver perceptually upright. shield. If a gauge is listed in column 1 
~5.2.1.2 The identification of a rb. of Table 2 and accompanied by the 

tating control other than one de- "yes" in cO1umn 5* then the 
scribed by ~ 5 . ~ ~ 1 . ~  appear to the gauge and its identification required 
driver perceptually upright when the by 45.2.3 shall be illuminated when- 
control is in the off position. ever the ignition switch and/or the . 55.2.2 identification shall be pro. headlamps are activated. Controls, 
vided for each function of any auta- gauges, and their identifications need 
matic vehicle speed system control and be when the head- any heating and air conditioning lamps are being flashed. A telltale 
system control, and for the extreme shall not emit light except when iden- 
positions of any such control that reg. tifying the malfunction or vehicle con- 

dition for whose indication it is de- ulates a function over a quantitative signed or during a bulb check upon ve- range. If this identification is not spec- hicle ified in Tables 1 or 2, it shall be in S5.3.2 Except for informational 
uniw is used. readout displays, each discrete and dis. 

If color coding is used to identify the tinct telltale shall be of the color 
extreme positions of a temperature shown in column of Table 2. The 
control, the hot extreme shall be iden- identification of each telltale shall be 
tified by the color red and the cold ex. , color that contrasts wit., the lens, 
treme by the color blue. if a telltale with a lens is used. Any 

E ~ a m p k  I. A slide lever controls the tern- telltale used in confunction with a 
perature of the air in the vehicle heating gauge need not be identified. The 
system over a continuous range, from no color of informational readout dis- 
heat to maximum heat. Since the control plays will be a t  the option of the man- 
regulates a single function over a quantita- dacturer. 
tive i-mge. only the extreme positions re- ~5.3.3 ~ i g h t  intensities for controh, 
quire identification 

Ezample 2. A switch has three positions. 
gauges, and their identification shall 

for heat, defrost, and air conditioning. Since be con t~uous ly  A 
each position regulates a different f u n c t i a  ~!~i2i~'e2,"~c,",~i~,"~~ i ~ " , ' ~ C f ~  2'  
each position must be identified 

cernible to a driver who has adapted 
95.2.3 Except for informational ream to dark ambient r0adln.a~ conditions t o  

dout displays, any display located (b) a position prol'iding illumination 
the passenger compartment sufficient for the driver to identify the 

and listed in column 1 of Table 2 that  control or display readily under condi- 
has a SS.rnb01 designated in column 4, tions of reduced visibility. Light inten. 
shall be identified by that  sYmbol. sities for informational readout sgs- 
Such display may, in addition be iden- terns shall have at least two values, a 
tified by the word or abbreviation higher one for day, a d  a lower one 
shown in column 3. Any such display for nighttime conditions. The intensi- 
for which no symbol is provided in ty of m y  illumination that  is provided 
Table 2 shall be identified by the word in the passenger compartment when 
Or abbreviation shown in column 3. In- and only when the headlights are acti- 
formational readout displays may be vated shall ah0 be variable in a 
identified by the symbol designated in manner that complies with this para. 
column 4 of Table 2 or by the word or graph. The light intensity of each tell- 
abbreviation shonn in coiumn 3. Addi- tale shall cot be vari&b]e and shall be 
tional words or symbols may be used such that, when activated, that tell- 
a t  the manufacturer's discretion for t a e  and its identification are visible to 
the purpose of clarity. The identifica- the driver under all daytime and 
tion required or permitted by this sec- nighttime conditions. 
tion shall be placed on or adjacent LO S6. Conditions. The driver is re- 
the display that it identifies. The iden- strained by the crab protection en,uip- 
tification of any display shall, under ment installed in sccordance with tile 
the conditions of S6. be visible to the reqGiremer.u of 5571.208 of this part 
driver and appear to the driver percep- (Standard No. 2061, adjusted in accord- 
tually upright. ance with the manufacturer's instruc- 
S5.3 Illumination tions. 
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TABLE 1 
identification and lllurninati~n'of Controls 

1 b l u m n t  I Column 2 I ~ d .  3 1 eal A I 
Inend Opatrt8d Conlfolsd idmntlly~ng Words 01 Abbrav~allon ( I denc~ l r~ng  Svmbd / l l lvrn~ner~on i 

I Idmahut~on bmos 1 Ident~f~icrl~on lrmes or id LO¶ 

i 

I. Use when en*-e control is scowate from the key lacking ssrum. 

Hcal~ng and Au 
Condlt10nq 

S v r t m  

Z Ese a o  when cleuince, identification. puking and/or side marker lamps uc conculled with rhe 
headlamu sw~tc l~  

3. Use also when clcvance lamus. identiflurion lmDs and/or side w k e r  are controlled mth one 
sw11~h o~her than Lhe headlamp sw~ich. 

Y a  

-- 

Yes 

Y a  

I 

Turn S i i  

- . -  

Autonut~e Vekcle Spcra 

FEEERAL REGICE& VOL 4 NO. 123-MONOAY, JCXE 26, i978 

283 

Huud Wanung Hazard 

I - .  

A 

9 I 1Mf9. OD(*- I 

Y n  

I 

Wrh& Washing 

IMlg. OD~JM) 

6 9, 

# 

Wa+a w Wash w 
,-*- -4 

q$-J 

- 

Sigorl 

C w a n c r  ~ m m  Gaarrncr Lamps or a Lus Srr-  . 

Y s  

Y a 

Manu& Qlokr 

 fa^: 

1 
snum 

WmdrhirM WaIhtng 
Wuh-Wip. and Wpmg CwnO~nsd 

a& Huung andlor& 
CMdtnamqFan 

Wmd~h~cid Ochusruu). 
vd M a q m  Sncm 

Choke 
* 

Y a  Fa 

. 
0- Rfog or Oaf 

- - I . -  
Hand thmnfe 

Q 
1 

W d s h l d  Wp~ng  
Srrtn 

rhlonla 

Wwr or Wiw 

w ] 
* 
Rw bVndow Oefrostmq ' 
and Oelogglop [v] ' 

b - i 
- 

R w  Defrost. R u r  Defog . 
\ a Reu Oaf 

yM 

- 
Yea 

1 

Qgme S t m  

Eng~ne Stop 

Engm. SM' 

Engmr Slop1 
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TABLE 2 
Identification and Illumination of Internal Displays 

Automatic Gear 

\ 

1. The pair of arrows is a single symbol. When :he indicators lo: left and right turn operate 
indeDendentiy, however, the two arroas ~111 be considered separate symbols end may be spaced accord- 
ingly. 

2. Not requlred ahen  arrows of turn signal tell-tales tha t  otherwise operate independently flash 
simultaneously a h w d  wanung teil-Me. 

3. If the odometer indicates kilomelers, then ''K:LOMETZR.S" or "km" shall appeer: othimise,  no 
identification u required. 

4. Red can be red.orange. Blue can be blue.green 
, . 

5. m e d  arrows may be filled 

iFR Doc. 78-17672 Filed 6-21-78: 4 5 5  pml 
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Federal Motor Vehicle Safety 
Standards; Controls and Displays 

nautcr: National Highway Traffic 
Safety Administration (NHTSA), 
Department of Transportation. 
m o w :  Response to petitions for 
reconsideration. 



55580 Federal Register / Uol: 42,. Nm 189. I- Thusday; S e p t e m h  27, .I 

Sumk~armt%slnatfcen~& tla N e ~ ~ a a r r ~ n e ~  ddr~d 
petbmfar r eeodumaf tFede ra l :  the iasue ofiapplicability, ~ ~ ~ d i i  
Motor Vekle Metyr W a r r t ( 3 M V S G )  v e h i c l e s i r r ~ m r  tkepmpoaed 
l M c  &70nhlsanhDisplqm mla: Na.atkec.ma-dtkese 
gWIshe i j~28; .  1WW Saved aepects v e l u ~ k v c p a ~ a u e ~ f a a  
of t h e p e t & a x m ; a r s ~ & m o s t  reamsideratioad t h m e q u i r e ~ . .  
notabls thase ralatiag.tadadi~abn.6B Thew-a-olli - 
the refecenaafhtDotheIr~d8siifetp b e & w e e ~ ~ ~ ~ d i s p l ~ i r r ~ g e r d  
s t a n d d a  andadditiand s&ols, ? i h ~  to the safety s i g n i f i c a n ~ ~ o f ~ V ~  
o t h e p - ~ a t s  0 f i t h e : W W a d d e d .  being able to quickly arid correctly 
EFFECTMR ma;zrSepte*L.la locate and identify them. Controlaara 
exmq&Wthedntgto .kdecak typicalry far more i r n ~ ) a c t a n b h  - 
MobnaU&iSafe ty ,w i?Ia~2111k  displays in dnvlng safely and 
[4&CSR5ZUO&1 hom*om resganding, teemerqenc~ aperating 
Segtehm, W P  conditions. Further, urhila dnw8ra. dm* 
FOR FMSHER IFIPOIIRILJI~-Q: become familiar in h e  with contra& 
bME hlsombhdcsorr, O f f f c e o i V e h h  h a t i a h  the tde&ca&ionof c~n tmla  
Safety Standards, 400 S e v e n h S t r a  can be critical dunng the period of 
S L ~ ~ L , W ~ E Z D S S O ~ ~ ~ ~ ~ B -  famdiarization and continues-tepmmta 
2E2k safety even &m that penod.The! 
su-mm l-~- O ~ W  aggxaj[,n~thatit.ha+plmtnsfm . 
26 1m the NFma putllleaed (mm ex- h d a d w  ofi fwkei- 
275i@) a. finat mlcestabl ishrgnm~ regdating oantuabddieplays, by. 
requirements m FMVSS 1014 fosthe -biDl&m&mtfIb 
locabon, i d e & , c a ~ n , a n d ~ ~ & ~  caee:dwmacantda , theu  ma^^ 06 
of contrors mddi3plays ib passenger 0 ~ e l s t i r J ~ ~ ~ ~ ~ ~ ~  
cars, multipurpose gasseng9r vehicies. on * m w a h W ! ! b f a r  , 

traclk, d b u s e s .  controls woulolbe gut inta.&fech fht 
P e t i ~ m f b t r e c o n s i d e m ~ o F  ~ * a g e n ~ ~ n ~ n ~ t ~  task 

~ N o . 1 0 e - 8 0 . ~ r e m v e d ; ~ ~  c&5&lidhM2Wt&&cmQ'QL 

s r i t i h ~ ~ h d m ~ t t ~ ,  ~ a i k s w ~ n o ~  - Aareri'ca, ElueBWBWy@ompeny.'andd 
Mack T&, Inc. A d i m ~ i o a o f t h e  
issues raised by t8e petitions and their 
resolutfor~folIbws All: wtitionrrapg - 

. lo;oSepormdkgmssvefrid~):~ 
rating ( G W )  be excfuded From tBe 
c o n b d  muhmntb Bherwfib m&a 

Thamtm&pmpo&demeking, 
issued on October 2t. lS!@(p FR- 
would, haueceq~u~ed ~ ~ a n g g c c a r s ,  
multipunpase paseenger v e $ c T e s i . e  
and buses ta p ~ ~ ~ ~ a l ' ~  
displag, ~ e q m r m a  Tim eljem& 
however, f o d  rmart nn hcomnzenta 
of truck manufacturers whaohf&erLto 
the application of display r e q u e r u w a  
to heavy daty v e h k  Asaresult, the, 
final rule provlded thai ha. du& 
v e k h  d n n t  cam& &the 
display requirements; butmuebmstttat 
control requaements. Fbrd and Blue Bird 
believe that the r- foc exchdhg  
these vehcles from the display 
requuements ane q p l i d r e t b ,  
the c ~ 0 1  req-m&.Tfie~~dceted 
that th&operators.of these vebdes are 
professionals. w b  are famdiar wth tbe 
controls- an& their functtans. TRey 
further stared' that compIiance wouldi 
imposeuriwamtadredemgm ~IKP 
expendtures. 

r e q u h m a k  
B ; c i t i s h . ~ W p e t i ~ f a r  t h d S B  

symbol 5 r  thabmaCChoketmba. 
added tot.Tabishandib ISQsy-scbolifor 
the&& &etemtmkadilad tcr Tiable 
2. N~amandmenh pEthcshndardis: 

s p e w  aayt recpkmmh regarding 
symbols for thoseitems Amendment 06 
*bstanddtamoyicetheus.eu&the 
symhoLawouldrequira. anew, gragosal- 
to be i s d s i n c e w c b  antanrendment 
wouldbe b e y a d  tpa mope of the 

%192& ~~ whidi,led to. 
tKe June 28r 2928 final d e .  Tseating, this 
part of British LeyIands patition-aea 
p a t i t i o n f a n ~ ~ ~ t e e d o E a  

* petition for cmnsidraaan, the q e n q  
g~aatrt iL kshadclha understao&that 
granting tlm ~ e t i t i o n ~ d a e s ~ t  
necessanlyrmaaa bat an amendment 
will uhna&Ig be 

Ameriram MotomCwaration 
p e t i t i o ~ t o ~ h a v e t h e r ~  fan 
the tm~siapak oontcol %ymhoL deleted 
from the !kaLrule b e e w i t  -not 
p a c t a i ~ ~ ~ & p m p a s a l a n d  they did 
not have a n , o p p n ~ ~  ta c& 
'I;hsammeutan sbteddsa.tb& b r a  
we M sa& need because hca lumnt  
mounted 1- waa.huommm uqe 
and standardized through accepted. 
industcjc practice Thecommentec~s 
suggestha that there wane-natice for 
the turn signel c o d  symbol lacks 

979 / Rules. and Regulations 

merit Under the A d m i n i ~ t i x a  
hocedures Act, mtice.may be given for - - 
a requhrnent hygmedyra i s ing  the 
issue hthcpreambLofi e pmpoael.oc , 
settingPortfcb1ext:d'the:proposed 
requirement W& tfrp:tumaignal' 
conmLsymhd waa;ixm&ertently: 
o r n i ~ f m m T a b l e L ( c o n d n g  contro 
syrnbols)lih. tfrepmpse&&, S o E  tha 
rule. required use 08 a( tum signal: control 
symbol. ThesymboO tsbe.used could 
have been dererminedr &om the. 
preambib wtiich. apressljr pmvidd. that 
the pmpoaal wonl'drequireuseof the! 
IS0 turnlsigml!conml symbd. Fixthe?. 
that symbt;wassBown ih TahleIf 
(colrceniagcfisplay symbai9J dt t fe*  
proposed-rule. 

T l t e I u m t h a x d  apwation of the hna 
signai cudmi hasoverthe pasrswml: 
years, become staxdadin& as a finger 
tip operated lever mounted on the.le£t 
side of thesteedng column. There are no 
r ~ ~ i n c i d e _ r r r s . o f  accident causation 
because of tiie &ver'8.unfamiIi'ariQ 
witti the positrbn and use of this control. 
NHTSA i's, ttierefore.,gantihg,ItMC's 
pet i t io~ tb d'erete. tHe requifement' fbr 
symbol'ident~atihnwith.regard' tb. 
those veh& fiathave a. singre. 
stand'ardizeb hgpr t 4  operatkd rever. 
mounted'oa &Mi siik afthe:steedng, 
column. 

~mericauldato& aho.objeded ta tb- 
use of thehiahheam. telltale., stressing : 
that it.was aheady uniquel~identified 
bv a b i a e . c o l o ~ I t ~ t h e r ,  sta&d kt, 
most'.vehides, have the. highbeam, 
locatedin.thasame.azea,as.the: 
speedometer dial. This positionis in the 
nncnml~ lined slghtaf; theadriver,, 
thereby minimi&x the t h  of diuersicm 
from the roadway. &VC indicated, that 
an additional graphic representing the 
highbeamwuuldmquiiiits dbcatibm tc 
an area further £rum the normal line of 
sighkllecanseof tiie: limited: area. near 
the spee*Sit&a reiocation, 
~ a ~ m u l d  offsetarry potential 
benefit. I t  tfterefDmurged that the: 
tzlghbearn telltale symbol be optional. 
The !?MTsk-h&tke: 

highbeam t a U s y m t i o l : k n - s q  to 
&.&ens t cak fad tha t the i r  
highbeams a m o m ~ ~ a n c e !  wauld 
educate new drivers and act-as a 
wnindnn todLdduem* essgecidly. those 
whdrive:infrequently,.Asita the: 
a ~ d ~ n e a s  of the use af'blue to. 
indicate highbeam. there is na 
regulation prohibiting its use for telltales 
other than highhams: Lrr fBct, the cdor 
blue: is &oibeingp~oposed by Working 
C;noupdo~Subcommittee~I3 of; the-IS0 
Technical Committee2to the ISQ as 
the color that would beused to indicate 
spom lam longrange !Amp, mld air.. an . 
c&The~ehm,itiisjmsaiMe that 
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further use of the color blue could lead of that standard with regard to the these reasons, Vokswagen's petition is 
- 5' snfusion unless the highbeam location, identification and illumination denied. 

$01 also is required. The NHTSA of the listed controls or to meet the Several minor technical changes have 
a ~elieves that the space in the area. requirements of FMVSS 101-80 with also been made in the rule. In Table I. 
of me speedometer face is sufficient to respect to such controls. Although the the abbreviations "Mfg" are changed to 
allow the symbol for the highbeam to be amendment did not expressly provide "Mfr". In Column 3 of Table 2, the cmss 
located there. Therefore. AMC's petition for eady compliance with the display reference for Brake Air Pressure is 
is denied with regard to the highbeam requirements of WSS lol-so, early changed from FMVSS 108 to FMVSS 
telltale symbol. compliance. is nevertheless permissible. 121, the cross reference for Malfunction 

In a related vein, Mack. Bitish Early compliance with a new MVSS is in Anti-Lock is changed from FMVSS 
Leyland, andMercedes Benz petitioned always permissible unless the 121-to FMVSS 105i5, and the cross 
the agency to substitute the IS0 master requirements of the new ~ ~ ~ s s . c o n f l i c t  reference for M a b c t i o n  Brake System 
lighting switch symbol (an illuminated with those of an existing MSS. If is changed from FMVSS 121 to W S S  
light bulb) for the headlamp and tail . early compliance is to be d o w e d  in the 10575. Footnote 5 to   able 2 is changed 
lamp symbol (an illuminated headlamp)- case of a conflict, then the existing to read "Framed areas may be filled." 
specified in Table I of FMVSS 1M-80 or stand& must be amended to permit Federal Motor Vehicle Safety 
to add the IS0 symbol as an optional compliance with the new ~ S S  in lieu Standard 208 is also amended to permit 
alternative to the currently specified compliance with the existing FMVSS, the Seat belt telltale symbol specified in 
symboi. The commenters indicatd that A, to display requirements, there is no FMVSS 101-80 to be displayed in place 
the European Economic Communit''s co&ct since FMVSS 101 does not of the words "Fasten, Seat Belts" or 

"Fasten Belts." (EEC) Directive 781318 requires use of regdate displays. . . 
IS0 symbol a d  that Canada - 

Vokswagen of b e d c a  petitioned to 
in consideration of the foregoing, Part 

571 of Tide 49 of the Code of Federal either spbO' Or the One 'peCified 
BUOW the use of yellow as an alternative Regulations is amended as follows: by FMVSS Mack argued that use .color for the telltale indicator f o r t h  of the IS0 symbol should be permitted 
headimp It maintains that 

1. The fiest sentence of S4.5.3.3(b](l] of 
to enable the company to avoid 8 sn.208, Occupant Crash Protection, is 
expensive changes in vehicles that are designated blue color or alternative +mended to read: 
shipped overseas. blue-green will prohibit the use of light 

emitting diodes (LEDs], VW submitted 8 571.208 Standard NO. 208, Occupant 
if a vehicle contains a master lighting Npponing that blue Crash Protectton. 

control in addition to a headlamp and * * I , t  

lamp cOnbl' the IS0 may ~ : ~ ~ ~ ~ f l ~ ~ $ , " b ~ ~ " , ~ , 6 ~ ~ ~ O I  a %.5.3.3(b) (1, At the left front 
be for the master lighting -her of years, m a y  also stated that designated seating position (driver's The agency recognizes, however, that 
rnp-t vehicles presently sold in this several European countries are position), be equipped with a warning 
I i-y have one contml that operates permitting the color as well as system that activates, forsa period of not 

all ughts, including the headlamps and ,red, as alternatives fcr the highbeam - less than 4 seconds and not more than 8 

tail lamps, a those vehic,es, the sfngle. indicator. VW stressed the reliability seconds (beginning when the vehicle 

control must be identified by the and longer service o f m s  as reasons ignition switch is moved to the "on" or 

headlamp and tail lamp symbol - for installing them in vehicles rather the "start:' position), a continuous or 

specified in WSS 10140. *he agency than the current incandescent lamps. flashing w a d n g  light* visible to the 

believes that this requirement should be VW 'SO that the yeflow is driver, displaying the words "Fasten 

retained because.~e headlamps tail more desirable for the telltale than blue Seat Belt" or "Fasten Belt" or the 

lamps are the more important lights or bliie-green. ident&mg symbol for the seat belf 

controlled by a master light control. ~h~ N H T S ~  does not believe that he telltale in Table 2 of Federal Motor 

Further, the agency believes that the dvailable information justifies granting Vehicle Safety Standard N a  101-80 

headlamp and tail lamp symbol is more VW's request. Presently, the activation when condition (A) exists 
simultaneously with condition (B). easiIy recognizable as related to those of the highbeam indicator is conveyed The fint sentence of S7,3 of lamps than is the IS0 master lighting pdmady by the colors blue or red  The 5,1,208, Crash is 

symbol. However, in the agency's IS0 and EEC are currently undergoing amended to read: forthcoming proposal on controls and 'an effort, Like that of the NHTSA, to 
displays, the agency will propose that further standardize the color to blue, Q 571.208 Standard No. 208, Occupant 
the IS0 symbol be required on master thereby improving driver performance. Crash Protedon. 
lighting controls in vehicles having both The introduction of a yellow indicator is * * * * 
-a master lighting control and a . likely to result in greater driver 57.3 Seat belt warning system. A seat 
headiamp and tail lamp control. We confusim Further, VW'S contention that belt assembly provided at the b v e r ' s  
will, however, request commentson reliablility is an important design seating position shall be equipped with 
allowing the ISO symbol as an optional criterion for the highbeam telltale is not a warning system that activates, far a 
alternative to the headlampltail lamp of great significance. The highbeam is in period of not less than 4 seconds and 
symbol and or requiring the IS0 symbol use approximately 5 percent of the total not more than 8 seconds (beginning 
instead of the headlampltail kmp driving t h e .  Given this small usage when the vehicle ignition switch is 
symbol. rate, current incandescent lamps are moved to the "on" or the "start" 

American Motors raised a find . capable of lasting many years. position], a continuous or flashing 
question about the phase-in of the Replacements are also inexpensive and warning light visible to the driver, 
requirements of the final nde. It noted readily available. The NHTSA also displaying the words "Fasten Seat Be!t" 

'that S4 of the existing Federal Motor , disagrees with VW that yellow is more or "Fasten Belt" or the identifying 
Vphicie Safety Standard (FMVSS] 101 desirable than blue or blue-green. As the symbol for the seat belt telltale in Table 

]mended to allow any eye becomes more adapted to the dark it 2 of Federal Motor Vehicle Safety 
ma,dactwer to meet the requirements - is more sensitive to blue, not yellow. For Standard No. 101-80 when condition (a) 
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- 
exists. and a continuous or intermittent 
audible signal when condition (4 exists F 

simultaneously with condition (b],' 
3. The first sentence of S7.3.1 of 

, & 5fl.208 Occupant Crash Protection, is , 
amended to read: 

- Q 571308 Standard M a  20% Occupant - 
Cnrh Protection 
* t . t +  

' S7.3.1 Seat belt assemblies provided 
at the front oatboard seating positions in 
accordance with S4.1.1 or 54.1.2 shell - - have a warning system that activates; 
for at least 1 minute, a continuous or . 
intermittent audible signal and 
continuous or flashing warning light, 

- visible to the driver, displaying the I - 
a words "Fasten Seat Belt" or "Fasten 

Belt" or the identifyingsymbol for the 
seat belt telltale in Table 2 of Federal 
Motor Vehicle Safety Standard No. 1M- 
80 when condition (a] exists, 
simultaneously with either of conditions 
[b) or (c). 

4. The first sentence of S7.3a of - 8 snmoe. Occupant Cmsh Protectron, is 
amended to read: 

g 57l.208 ~ t a n d a r d ~ ~ a  208, Occupant 
CrashProtection. ' ' 
* C t t *  

S7.3a Aseat belt assembly provided - 
at the driver's seating position shall be 
equipped with a warning system that 
activates, for a period of not Iess than 4 

- 

seconds and not more than 8 seconds 
[beginning when the vehicle ignltion 
switch is moved to the "on" or the 
"start" posttion), a continuous or 
flashing warning light visible to the 
dnver, displaying the words "Fasten 
Seat Belts" or "Fasten Belt" or the 

'identifying symbol for the seat belt 
telltale m Table 2 of Federal Motor 
Vehicle Safety Standard No. 10140 
when condition (a] exlsts, and a 
continuous or interrmttent audible s~gnal 
when condition (a) exlsts . 
s~muitaneously with condition (b). 

5. Table 1 of O 571.10140. Controls 
and Displays. i s  amended to read: 
B(LUNQ cOOe 4 9 1 M W  
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TABLE 1 
,* Identification and Illumination of.Controls 

Windshldd Wtplng 

Waahu w Wash 

Oefraa. Oefq  or Oaf. 

- - 

\ 

ldcntlficat~w Lamps 

Haat~ng and A I ~  . 
Condlt~onlng 

System 

f. U u ~ ~ c o n a a c z . s r n ~ b r t ~ L O P ~ r n f n  

2 U I k m d Y . r o l  ldnnkDon p . M q M l o , u d . m r l r ~ m s o r l r o Y d * I 1 1 t h M L q  
mdL 

ldent~ficat~on Lamps or Id Lps 

IMfr. Opuont 

- 
- Y e s  
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6. Table 2 of 5 571.101-80, Controls and Displays, is 

amended to read: 

TABLE 2 
Identification and Illumination of Internal Displays 

Automatic G a r  

1. Tks pr of w r a  IS 4 w q ~  ~vmao),  whm tho n d r . r a  Iff 1rt1 am twpr nnn o m r t  ~-mtly. 
harm. ho m rtm wall M convdmO w a n  ivrumh a d  mw b SW IcLodvqW 

Z N O R  r w @  *;k.n brmn o l  two u q ~ l  wbwn t k l  ockrur OWON m d ~ t l y  flash c~mulnnrwllv 
as huud wwmq tr(1.1rU. f 
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7. TKe fint sentence of S5.21 of 
9 s n . r m 4  Contmls and Di3pIays, is 

/ amendad to read: 

SaLi; Except for a turn signal control 
which is aperated in a plane esseatidy 
parailel to the steering wheai by the 
only lever mounted on the left side of 
tfre steering column, any hand operated 
controi listed in column 1 of Table 1 that 
has a symbol designated in column 3 
shait beidenaed by hat symboL 
(Secs. 103.119. Pub. L 8W83,80 $tat 7l8 (IS 
U9C 1392 1407k delegation of authority at 
49 m mj 

h u e d  on September 19,1979. 
Jorn chybmok. 
Admin18rmtor- 
[ n t ~ o o  ma%to m d  s a m a u  wi 
muma COOI rm- 








