
UMTRI-87-20 

Human Factors Research on 
Automobile Secondary Controls: 
A Literature Review 
Chris H. Turner 
Paul Green 

October 1987 

UMTRI The University of Michigan 
Transportation Research Institute 





Toebnicol R.por, Dmcrmtath Page 

1. R m  No. 2 Accosrian Na. 3. R.c ivmt ' r  Catalog Na. 

UMTRI -87-20 
4. Titlo d Subtitlo 

HUMAN FACTORS RESEARCH ON AUTOMOBILE SECONDARY 
CONTROLS: A LITERATURE REVIEW 

7. A r W s )  

Chr i s  H. Turner and Paul Green 
9. P r W y  O r g a i r d m  NI. d Allns. 

The U n i v e r s i t y  o f  Mich igan 
T ranspo r ta t i on  Research I n s t i t u t e  
2901 Bax te r  Road 

, Ann Arbor ,  M I  48109-2150 U.S.A. 
1 2  hsuiy A- N m  a d  A i h s  

Chrys le r  Motors Corpora t ion  
R&D Programs Admini s t r a t i o n  
12000 Ch rys le r  D r i v e  

, Hiclhland Park, M I  48288 - 1118 
15. k s  

5. R-t Doto 

October, 1987 
' 6. pufoming Ormxmuocl Cd. 

389036 
8. P&ng O&r.cim R . p r r  No. 

UMTRI-87-20 
10. lor& Un~t No. 

11. 6 n ~ ~ ~  oI G I ~ ~  NO. 
DRDA-85-2382-P1 

13. 1- 01 RW ad P w i d  b..rd 

I n t e r i m  
9/1/85-8/31/87 

14. +soricy A m y  am 
2000512 

9 

Supported by t he  Ch rys le r  Chal lenge Fund 

1%. Akcnrr 

Th i s  r e p o r t  rev iews every  document appearing i n  t h e  open 
l i t e r a t u r e  (over  40) on human f a c t o r s  and t h e  des ign o f  secondary c o n t r o l s  
(w iper ,  l i g h t s ,  e t c . ) .  

The r e p o r t  examines t he  f o l  1 owing quest ions:  

. What expectanc ies do d r i v e r s  have f o r  c o n t r o l s ?  . What c o n t r o l  designs do people p r e f e r ?  

. What problems do d r i v e r s  say t hey  have w i t h  c o n t r o l s ?  

. What do t he  d r i v e r  performance data show? . How have human f a c t o r s  analyses been used t o  des ign c o n t r o l s ?  

. How should s p e c i f i c  c o n t r o l s  be designed? 

While t he  l i t e r a t u r e  y i e l d s  cons iderab le  i n s i g h t  i n t o  how research 
should be conducted, a s u r p r i s i n g l y  smal l  amount o f  what has been done i s  
a p p l i c a b l e  t o  contemporary des ign problems. Most of t he  1 i t e r a t u r e  i s  over  
10 years o ld ,  and because i t  addresses s p e c i f i c  des ign ques t ions  f o r  c o n t r o l  
designs t h a t  a re  no l onge r  produced, i t  i s  of l i m i t e d  use. However, t he re  
i s  much t o  be gleaned f rom t h e  general  human f a c t o r s  l i t e r a t u r e .  

17. Kay WuC 

Human f a c t o r s ,  ergonomics, human 
engineer ing,  ins t rument  panel s, 
ease-of-use, automobi 1 es, cars ,  
eng ineer ing  psychology 

18. Diskibut4r Ste-t 

19. S o w r i ~  Classif. (at this 

U n c l a s s i f i e d  
n Price 1D. 5 # / t y  Classif. (04 ((Js M.) 

U n c l a s s i f i e d  

21. NO. of Pogo. 

306 





TABLE OF CONTENTS 

ABSTRACT 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

EXECUTIVE SUMMARY 

PREFACE 

SCOPE OF THIS REPORT 

INTRODUCTION TO RESEARCH ON SECONDARY CONTROLS 

General Human Factors Literature 
Previous Literature Reviews Concerning Secondary 

Controls 
Summary 

WHAT EXPECTANCIES DO DRIVERS HAVE FOR CONTROLS? 

McGrath (1974) 
Anacapa Sciences (1974, 1976) 
Black, Woodson, and Selby (1977) 
Summary 

WHAT CONTROL DESIGNS DO PEOPLE PREFER? 

Mortimer and Post (1973) ' 

Kuechenmeister (1974) 
Mourant, Moussa-Hamouda, and Howard, (1977) 
Hallen (1977) 
McCallum, Dick, and Casey (1982) 
Callahan (1986a, b, c) - (Ford Best-in-Class Survey) 
Green, Ottens, Kerst, Adams, and Goldstein (1987) 
Unpublished Studies 
Summary 

WHAT PROBLEMS DO DRIVERS SAY THEY HAVE USING CONTROLS? 

Krumm (1974) 
Anacapa Sciences (1974, 1976) 
Perel (1976) 
Burger, Smith, Queen, and Slack (1977) 
Mourant, Moussa-Hamouda, and Howard (1977) 
Treat et al. (1979) (Tri-Level Study) 
Summary 

iii 

vii 

iii 



WHAT DO THE DRIVER PERFORMANCE DATA SHOW? 

Malone, Krumm, Shenk, and Kao (1972) 
Middendorf, Dineen, and Hapsburg (1974) 
Krumm (1974) 
Kuechenmeister (1974) 
Anacapa Sciences (1974, 1976) 
Faust-Adams and Nagel (1975) 
Kuechenmeister (1975) 
Mourant, Moussa-Hamouda, and Howard (1977) 
Elsholz and Bortfeld (1978) 
Haller, Bouis, and Heintz (1981) 
McCallum, Dick, and Casey (1982) 
Galer, Spicer, Geyer, and Holtum (1983) 
Khadilkar (1983) 
Heintz, Bouis, and Haller (1985) 
Jack (1985) 
Snyder and Monty (1985) 
Summary 

HOW HAVE HUMAN FACTORS ANALYSES BEEN USED? 

Woodson, Conover, Selby, and Miller (1969) 
Malone, Krumm, Shenk, and Kao (1972) 
Nevett (1972a) 
Mortimer and Post (1973) 
Woodson and Selby (1975) 
Simmonds (1976a, b, c) 
Anacapa Sciences (1976) 
Black, Woodson, and Selby (1977) 
Green (1979) 
Friedman and Schmidtz (1981) 
Green (1984) 
Saunby, Farber, and Jack (1986) 
Models Of Human Error 
Card, Moran, and Newel1 (1983) 
Rapid Prototyping 
Summary 

WHAT DO THE CURRENT DESIGN STANDARDS REQUIRE? 

IS0 Standard 4040 
European Economic Community Regulation 21.01 - 
Directive 74/60 
SAE Documents 

HOW SHOULD CONTROLS BE DESIGNED? 

How Should Designers Prepare For Control Design? 
General Design Rules And Methods 
Rule 1 - Put controls where they are expected. 
Rule 2 - Put controls used for critical functions 
closer to the driver than others. 



Rule 3 - Frequently used controls should be closer 
to driver than others. 
Rule 4 - Put controls that are used together next 
to each other. 
Rule 5 - Select a control allowing the proper 
number of choices, 
Rule 6 - Have controls operate as expected 
Rule 7 - Keep designs consistent across 
product lines. 
Rule 8 - Label all controls clearly 
Rule 9 - Use iterative design and test, test, test 
Rule 10 - Use empiric methods to analyze 
alternatives 
Rule 11 - Follow the specific advice 
in Mil-Std-1472 
Cigarette Lighter 
Climate Controls 
Cruise Control 
Defrost/Defog Controls 
Hazard Control 
Headlight On/Off Control 
Headlight Dimmer Control 
Horn 
Ignition 
Optical Horn Control 
Radio Controls 
Wiper/Washer Controls 

WHAT ADDITIONAL RESEARCH IS NEEDED AND HOW SHOULD IT BE 
CONDUCTED? 193 

How Should Researchers Prepare to Do Future Work? 193 
What Methods Should Be Used? 193 

How Should Expectancies Be Determined? 193 
How Should Preferences Be Determined? 194 
How Should Driver Performance Be Assessed? 195 
How Should the Accident Data Be Examined? 196 
How Should Reports of Problems Be Collected? 196 
How Well Correlated Are the Various Measures? 196 

What Research Is Needed? 196 
Which Secondary Controls Are Associated 
With Accidents? 197 
How Often Are Various Secondary Controls Used? 198 
What Human Performance Research Is Needed? 198 
Where and What Kinds of Controls Do Drivers 
Expect and Prefer? 198 
What Design Tools Are Needed? 199 
What Should Switches Feel and Sound Like? 199 
What Will Make It Difficult to Complete 
the Research Agenda? 200 

Why This Research Agenda Should Be Completed 201 
A Final Word 202 



REFERENCES 205 

APPENDIX A - Expectancy Plots for Controls from 
Anacapa ( 1974) 215 

APPENDIX B - Control Recall Errors from Anacapa (1974) 229 

APPENDIX C - I S 0  Standard 4040 237 

APPENDIX D - ECE Regualtion 21.01 - Directive 74/60 241 

APPENDIX E - Federal Motor Vehicle Safety Standard 101 - 
Controls and Displays 271 

APPENDIX F - SAE Recommended Practice 51138 281 

APPENDIX G - SAE Information Report J1139 287 



LIST OF TABLES 

1. Approaches Used in Studies of Secondary Controls 4 
2. Control Location Expectancy Strengths 

(Anacapa Sciences, 1976) 26 
3. Control Expectancies (in % )  from Black et al. (1977) 29 
4. Beam Switch Preferences Reported by Mortimer and 

Post (1973) 33 
5. Ranking Data from McCallum et al. (1982) 36 
6. Sample Page Describing B-I-C Effort 38 
7. Ford B-I-C Categories Related to Secondary Controls 39 
8. Problem Incidence vs. Horn Location, (Krumm, 1974) 43 
9. Control Problems and Transmission Type 44 
10. Control Locating and Operating Problem 

Incidence Rates (Own-car Drivers) 49 
11. Locating and Operating Problems Incidence Rates 

(Rental-car Drivers) 50 
12. Locating and Operating Difficulties as a 

Function of Control Configuration 51 
13. Hand Control Problems Reported by Perel (1976) 59 
14. Factors Contributing to Near Accidents Reported 

by Burger et al. (1977) 60 
15. Problems of Finding, Reaching, and Operating 

Controls Reported by Burger, et al. (1977) 61 
16. Finding and Operating Problems for the Horn 

Reported by Burger et al. (1977) 64 
17. Problems of Finding and Operating the Wiper Control 66 
18. Problems of Finding and Operating the Washer Control 67 
19. Causal Involvement of Vehicle Factors in 

Treat et al. (1979), p.21 68 
20. Day vs. Night Comparison in Essex Study 72 
21. Response Times for Three-Beam Switching Systems 77 
22. Time to Sound a Horn (from Krumm, 1974) 78 
23. Response Times for Operating a Stalk Control 79 
24. Control Location Recall Errors 80 
25. Comparison of Lab and Road Test Results 85 
26. Response Times From Faust-Adams and Nagel (1975) 98 
27. Mean Performance Time and Looks for the Wiper 

and Washer 102 
28. Control Use Errors Reported by Elsholz and 

Bortfeld (1978) 105 
29. Trip Computer Logic from Galer et al. (1983) 109 
30. Mean Response ~imes Computed from Data in 

Khadilkar (1983) 112 
31. Mean Task Time and Number of Glances for Displays 

from Snyder and Monty (1985) 118 
32. Control/Display Priority Matrix (from 

Woodson et al., 1969) 124 
33. Control User Requirements from Malone et al. (1972) 130 
34. Criticality Values for Passenger Car Controls 131 



35. High Criticality Controls in Cars 
(Malone et al., 1972) 

36. Control Arrangement Rationale Given by 
Malone et al. (1972) 

37. Frequency-of-Use of Controls (Nevett, 1972a) 
38. Designs Rated by Human Factors Experts in 

Mortimer and Post (1973) 
39. Frequency-of-Use of Controls - Simmonds Data 
40. Duration of Use of Controls - Simmonds Data 
41. Need for Immediate Action - Simmonds Data 
42. Danger from Inadvertent Operation - Simmonds Data 
43. Matrix of Potential Confusions and 

Their Consequences 
44. Confusion Likelihoods for Two Design Alternatives 
45. Frequency-of-Use of Controls/Accessories - 

Anacapa (1976) 
46. Summary of Analytic Models of Operability 
47. Sample Listing from AIR Data Store 

viii 



LIST OF FIGURES 

1. Studies of Automobile Controls 6 
2. Annual Research Output on Controls 7 
3. Page 241 from Sanders and McCormick, 1987 11 
4. Page 277 from Sanders and McCormick, 1987 12 
5. Sample Page from Mil Standard 1472C 13 
6. Summary of Experiments in Anacapa Program 21 
7. Expectancy Distributions bp General Zones for 

1708 Drivers (Anacapa, 1976) 23 
8. Expectancy Distributions for General Zones for 

2088 Drivers (Anacapa Sciences, 1976) 27 
9. Reach Contours from Hallen (1977) 35 
10. Reported Problems vs. Number of Functions 

(Single Left Stalk) 45 
11. Reported Problems vs. Number of Functions 46 
12. Incidence of Control-Locating Problems (Anacapa, 1976)48 
13. Control Problems vs. Number of Functions Per Stalk 63 
14. Comparison of First Trial Mean Reaction Times 74 
15. Comparison of Four Panels 75 
16. Comparison of Four Beam Switching Systems 76 
17. Cumulative Response Times for Controls 81 
18. Time to Locate Controls by Age and Sex 83 
19. Errors Made in Locating Controls by Age and Sex 84 
20. Mean Time to Locate the Headlamp Switch 87 
21. Error Probability for Locating the Headlamp Switch 88 
22. Mean Time to Locate the Wiper Switch 89 
23. Error Probability for Locating the Wiper Switch 90 
24. Time and Errors for Locating Hazard Switch 91 
25. Time and Errors for Locating the Radio 92 
26. Time and Errors for Locating the Climate Controls 93 
27. Time and Errors for Locating the Vent 94 
28. Mean Time to Locate the Headlamp Switch As a 

Function of the Difference Between the Expected 
and Actual Locations 96 

29. Mean Time to Locate the Wiper Switch As a 
Function of the Difference Between the Expected 
and Actual Locations 96 

30. Mean Time to Locate the Lighter As a Function of 
the Difference Between the Expected and 
Actual Locations 

31. Mean Response Times for Two Multifunction Stalk 
Controls Reported by International Standards 
Organization (1975) 

32. Controls Compared by Mourant et al. (1977) 
33. Performance Times for the Wiper 
34. Jaguar Trip Computer 
35. Menu System in Heintz et al. 



36. Proportion of Use of Conventional and 3 Menu Level 
Central Information System (CIS) 

37. Proportion of Use of Conventional and 2 Menu Level 
Central Information System (CIS) 

38. Test Locations and Bump/Dimple Results from 
Jack (1985) 

39. Proposed Controls Location Standard Based on 
Trade-off Analysis 

40. Accessibility Worksheet No. 11 
41. Drawing of "Essex" Car Panel 
42. Sample Analysis Page from Black et al. (1977) 
43. Proposed Controls Location Standard of 

Black et al. (1977) 
44. Scoring Process for Display Visibility Analysis 
45. Model Human Processor 



EXECUTIVE SUMMARY 

Turner, C.H. and Green, P. (1987). Human Factors Research on 
Automobile Secondary Controls: A Literature Review (Technical 
Report UMTRI-87-20). Ann Arbor, MI.: The University of 
~ichigan Transportation Research Institute, October. 

Overview 

Project Significance 

. will help Chrysler enhance usability of future 
secondary control designs (wiper, lights, etc.) 

. improve human factors engineering/ergonomics image 
Report Content 

. reviews every nonproprietary report and paper on human 
factors and secondary controls (48 total) and design 
standards, grouped by issue (approximately 300 pages) 

Issues Considered 

. How should specific controls be designed? 
What do the current design standards require? . What expectancies do drivers have for controls? . What control designs do people prefer? . What problems do drivers say they have with controls? . What do the driver performance data show? . How have human factors analyses been used to design 
controls and what procedures are available? . What additional research is needed and how should it 
be conducted? 

Highlights Results 

. Provides eleven general design rules and specific 
design recommendations on a control-by-control basis 

. Condenses previous reports into an easy to read, 
results-oriented summary 

. Provides an interpretive critique of the research 
methods and results so they can be applied to the design 
of new controls 
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Specific Findings 

How Should Controls Be Designed? 

The report includes a summary of design recommendations 
for 12 controls/control groups. Included are plots of expected 
locations, operation time data, error data, driver preferences, 
and human factors recommendations from every study in which a 
control of interest is mentioned. As an example, part of the 
section on the horn follows. 

Other studies present results consistent with 
Krumm (1974). For example, in other performance 
tests, activation times for the horn (on the steering 
wheel) were in the range of 1.2 s. (Malone et al.) to 
1.4 s. (Faust-Adams and Nagel). Elsholz and Bortfeld 
(1978) found in their study that European drivers had 
difficulty with stalk-mounted horn controls, but not 
with "touch controls" mounted on the steering 
wheel. . . 

Previous design recommendations have all favored 
placing the horn control on the steering wheel. For 
example, . . . 

Thus, there is considerable research support for 
locating the horn on the steering wheel hub or 
spokes, and not on a stalk... Definitive 
recommendations for size are given in Green, Ottens, 
Kerst, Adams, and Goldstein (1987) ... Finally, some 
consideration should be given to coupling the horn 
(or more formally, the acoustic horn), with the 
headlight flashing function (optical horn) as was 
proposed in Green (1979).,. 

What Expectancies Do Drivers Have for Controls? ( 5  items) 

There is no current data on where drivers expect to find 
controls. Studies on this were carried out in the 70's before 
stalk controls were common. They do, however, provide insight 
into how such studies should be conducted. 

One the other hand, there is good data in the human 
factors literature on how drivers think automobile controls 
should operate. In brief, the direction-of-motion stereotypes 
are up, to the right, forward, or clockwise for "on" or 
"increase." A recent Ford study provides numeric data 
designers can use to select optimal control configurations. 

What Control Designs Do People Prefer? (9 items) 

The most current information on preferences is the Ford 
Best-In-Class study. The Automotive Industries article on it 
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should be read by every automotive designer and engineer. Ford 
identified more than 400 concerns such as defroster switch 
operation and high-beam control accessibility. Juries 
identified which of many cars had the "best" design for each 
function. The success of the Taurus/Sable is a direct result 
of this program. 

Hallen (1977) examined a related issue, reach preferences. 
Typically, drivers wanted controls to be 10-20 cm (4-8 inches) 
closer than their maximum reach. This data was collected when 
comfort/convenience was not important and has largely been 
ignored. It should not be. 

What Problems Do Drivers Have Using Controls? ( 5  items) 

Examinations of accident reports (from one study from the 
70's with a small sample size) show that using controls can be 
distracting and lead to an accident. Most common are problems 
with the entertainment system, though problems have been 
reported with many other controls. 

Supporting evidence comes from surveys of drivers. Malone 
et al. (1977) identified 100 instances where using a control 
"caused an accident," as well as 1500 instances of "close 
calls" in responses from 3500 drivers. Common problems 
included finding and operating the horn, defogger, and dimmer 
switches. It is not clear how applicable the data are to 
contemporary control designs. (For example, dimmer controls 
were floor-mounted then.) 

What Do the Driver Performance Data Show? (18 items) 

Studies of driver performance have examined time and 
errors using controls, and driver eye movements. Particularly 
noteworthy are the Anacapa Sciences 1974 and 1976 reports. 
Most performance studies concern whether stalk- or panel- 
mounted controls are better for driver safety and ease-of-use, 
a major issue in the '70s. Some key findings are: 

1. The design of a control can have an enormous 
effect on driver performance. In one study when 
asked to honk a horn, it took drivers an about 1/2 
second for spoke- and hub-mounted switches, but 29 
seconds for rim-blow designs. Drivers also had major 
problems with stalk-mounted horn controls. 

2. If a control is not within five inches of the 
surface on which it is expected to be located, 
performance will suffer. 

3. Drivers may have major problems operating touch 
screens while driving. In one experiment, it took 
two to three times longer to use a touch screen than 

xiii 
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dedicated controls, and the number of times drivers 
looked away from the road increased similarly. 

What Human Factors Analysis Procedures Exist? (19 items) 

Analysis procedures typically consider current convention, 
frequency-of-use, and criticality of the function being 
controlled in a nonquantitative manner. In part this is 
because reliable data on the frequency-of-use of controls do 
not exist. Human factors procedures (error analysis, human 
performance modelling, simulation) used by other industries 
have not been applied to automotive problems. 

Closing Remarks 

Surprisingly little in the automotive literature is 
applicable to contemporary design problems. This is because 
the automotive human factors literature emphasizes safety and 
not ease-of-use, is dated (the data concern control designs no 
longer prevalent), and has too narrow a focus (emphasis on 
specific designs not a methodical analysis of alternatives or 
design principles). Further, the amount of research is 
surprisingly small (about 2 documents/year recently). (In 
contrast, there are at least 10-15 items per year on computer 
input devices, a level of output 5 times greater from an 
industry of comparable size.) Most of what continues to be 
useful are the methodological insights. The Challenge Fund 
Program is a noteworthy effort to overcome these difficulties. 

On the other hand, the general human factors literature 
contains a wealth of information applicable to control design. 
Of particular value is the standard introductory textbook 
( sanders and McCormick ( 1987), Human Factors inP~ngineering and 
Design (6th ed.), and the DOD design standard (U.S. Department 
of Defense, Military Standard 1472C, Human Engineering Design 
criteria for Military Systems, Equipment, and Facilities). If 
human factors engineering is to do more than just "fight fires" 
in automotive contexts, then the research on automotive 
problems must be carried out in such a way that the research is 
not obsolete in a few years. 

Other Reports in This Series 

. Secondary Controls in Domestic 1986 Model Year Cars 
(Green, Ottens, and Adams) - describes the location, 
method of operation, types of switches used, etc., in 
secondary controls in 1986 cars. 

. Driver Preferences for Secondary Controls 
(Green, Kerst, Ottens, Goldstein, and Adams) - describes 
an experiment in which 102 drivers identified which of 
255 switch types they preferred for each of 24 secondary 
functions, where each switch should be located, and how 
those switches should operate. 



PREFACE 

This report describes the first phase of a three-phase 
effort to help Chrysler design future cars. It is intended 
to help make secondary controls such as the lights and wiper 
easy to use. This report describes and critiques the 
literature on human factors and automobile controls, and in 
addition, offers some design recommendations. 

Two broad issues are considered in this review: 

- What research methods have been utilized to study driver 
use of automobile instrument panel controls? 

- What specific advice does the literature offer regarding 
the design of individual controls? 

The second report in this series (Green, Ottens, and 
Adams, 1987), provides a statistical summary of the 
location, method of operation, and types of switches used 
for secondary controls in virtually all 1986 model-year cars 
sold in the U.S. A third report (Green, Ottens, Kerst, 
Adams, and Goldstein, 1987), describes driver preferences 
for switch types and locations for 31 secondary functions. 
Over 250 switch types have been examined. 

All the research described above is supported by the 
Chrysler Challenge Fund. The Fund, established to create 
closer ties between the Chrysler Corporation and leading 
American universities, promotes direct access to the 
advanced technologies being developed in universities. It 
also aims to increase interaction between Chrysler 
engineering staff and university research personnel, as well 
as increase undergraduate and graduate student awareness of 
the engineering opportunities available at the Chrysler 
Corporation. So far, the three phases of this particular 
project have enabled seven undergraduate and two graduate 
students to obtain practical experience in automotive human 
factors research. Furthermore, an experiment related to 
this project is being developed for the human factors 
laboratory course which all University of Michigan's 
Industrial Engineering students are required to take, 

Readers should approach this review by placing 
themselves in one of the following categories, depending 
upon their background and interest: 

Human Factors Researchers: Read the report from 
beginning to end, not skipping any of the 
sections. 
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Designers: Read the first three sections for an 
overview of the human factors field, then skip to 
sections entitled "What Do The Current Design 
Standards Require" and "Wow Should Specific 
Controls Be Designed'' for a control-by-control 
summary of research results. 

The authors would like to thank Tom Hamilton and Jim 
Pitt of the Chrysler Corporation for acting as project 
liaisons. Too often researchers are pressured to produce a 
report where speed, not thoroughness, is of the essence. 
The patience of these two gentlemen allowed us the time to 
do this work properly. 



SCOPE OF THIS REPORT 

As noted in the preface, this report concerns the first 
phase of a three-phase effort to make automobile controls 
such as the lights and wiper easy to use, This review 
discusses and critiques the human factors literature 
concerned with secondary controls found on automobile 
instrument panels. There is a similar, though vastly smaller 
body of literature on trucks and buses which is not 
considered here. The review mainly addresses studies 
specifically examining automotive controls, as opposed to 
general human factors research, and emphasizes data on U.S. 
drivers. No hardware reviews are considered in this report, 
as they are covered in the second report in this series 
(Green, Ottens, and Adams, 1987) to which they are directly 
tied. Also excluded are general information papers which 
provide neither research nor human factors methodologies 
(e.g. Nemeth, 1978.) Research examining design for the 
handicapped (0.g. Anger and Wayne, 1978) was also not 
reviewed, nor was any work on driver reach, with the 
exception of Hallen (1977), which is discussed in the section 
entitled "Where Do Drivers Expect To Find Controls." Work 
relating to anthropometry is being covered in another 
Challenge Fund project. (See Schneider, 1987.) 

This report is written for engineers and industrial 
designers responsible for instrument panel design, as well as 
human factors specialists concerned with automotive 
applications. It is assumed readers have some prior 
knowledge of human factors engineering, the equivalent of one 
formal course in the subiect. 

This literature review is similar in many ways to Green 
(1979), since there has been little new work done on 
instrument panel human factors since then. However, while 
Green (1979) was concerned only with multifunction stalk 
controls, this review is broader and includes panel-mounted 
controls as well. This review examines every non-proprietary 
report and paper that has ever been written on human factors 
and automobile secondary controls (about 48 documents over 18 
years.) It also examines related design standards. 

This report considers nine specific questions: 

1. In general, what research has been done 
on secondary controls? 

2. What do summaries of the human factors literature 
suggest? 

3. Where do drivers expect to find secondary controls 
and how do they expect them to operate? 
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4. Which control designs do people prefer? 

5. With which controls do drivers have problems? 

6. How long does it take to operate a control and 
how often are errors made for different designs? 

7. How have human factors methods been used to analyze 
control designs and what procedures are available? 

8. What do the design standards for controls require? 

9. How should specific controls be designed? 



INTRODUCTION TO RESEARCH ON 
SECONDARY CONTROLS 

Over the last 18 years, about 48 nonproprietary reports and 
papers have been written on human factors and secondary controls. 
They can be grouped into eight categories that are parallel to 
the questions listed in the scope. These categories include: 

1. Literature reviews-- collections of previous research 
evidence. 

2. Control location expectancy surveys-- studies of where 
drivers expect to find various controls. 

3. Preference surveys-- surveys concerning which control 
arrangements drivers prefer. 

4. Problem surveys-- reports of difficulties drivers say they 
have in locating, reaching for, and activating controls. 

5 .  Accident data analyses-- examinations of when and how often 
the use of controls is associated with accidents. That 
evidence comes from police data bases, as well as from 
surveys of near-accidents. 

6. Driver performance experiments-- investigations of response 
time, error rates, and other measures of how controls are 
used. 

7. Human Factors (HF) analyses-- evaluations of particular 
designs with respect to human factors principles, standards, 
and current research. 

8. Design stereotype reviews-- examination of current control 
designs in domestic and imported cars to determine what's 
common. 

The mapping of the research publications in these categories 
is shown in Table 1, an expansion of a similar table in Green 
(1979). In this report, each of the above approaches (except for 
the material on design stereotypes) is discussed in detail in a 
separate section, with the individual documents shown in Table 1 
discussed in chronological order. (The material on design 
stereotypes appears in Green, Ottens, and Adams, 1987.) Readers 
should note that the horizontal lines in Table 1 serve to group 
documents by year. 



Table 1. Approaches Used in Studies of Secondary Controls 

Document Approaches Used 
L i t  Review Accidents 

Per~mProb,lems Pref s I m y  I A n a l y i s  1 S - t y e s  

- Woodson. Conover, Mi l l e r  and Selby, X X 
1969 ( a l s o  repor ted  a s  Conover. 
Woodson, Selby. and Mi l l e r ,  1969) 

- Malone, Krm, Shenk. and Kao. 1972 
( a l s o  repor ted  a s  Kao. Malone, and 
Krumm,  1972) 

- Mortimer and Pos t ,  1973 X X 

- Anacapa Sciences,  1974 X X X - Krunun, 1974 X X - Kuechenrneister, 1974 X - McGrath. 1974 x - Middendorf, Dineen, and Hapsburg, 1974 x - Pere l .  1974 X 

- Faust-Adams and Nagel, 1975 - Kuechenmeister. 1975 - Knaff, 1975 - Woodson and Selby. 1975 

- Anacapa Sciences,  1976 - Simonds .  1976a, b, c - Pere l .  1976 

- Burger. Smith, Queen. and Slack. 1977 
- Black, Woodson. and Selby, 1977 - Mourant, Moussa-Hamouda, and Howard. 

1977 ( a l s o  repor ted  a s  Mourant. 
Herman. and Moussa-Hamouda. 1980) - Hallen,  1977 

- Elsholz and Bor t f e ld ,  1978 

- Green, 1979 X X X - Nicholson, 1979 X - Treat  e t  a l . ,  1979 x 

- Rockwell and Roach, 1980 X 

- Friedman and Schmidtz, 1981 X - Hal ler .  Bouis, and Heintz,  1981 x 
( a l s o  r epo r t ed  a s  Bouis. Hal le r .  & Heintz. 
1981; Helntz. Hal le r .  & Bouis. 1982) 

- McCallum, Dick, and Casey. 1982 X X X 

- .Galere  Spicer ,  Geyer. & Holtum. 1983 X - Khadilkar, 1983 X x 

- Green, 1984 X 

- Heintz,  Bouis, and Hal ler .  1985 X X - Jack. 1985 x X 

- Snyder and Monty, 1986 X - Callahan,  1986a. b, c x - Saunby. Farber.  and Jack. 1986 x 

- Green. Ot tens ,  and Adams. 1987 - Green. Kers t ,  Ottens.  Goldstein.  
and Adams, 1987 

- Turner and Green. 1987 ( t h i s  r e p o r t )  X 

Tota l s  ( #  documents us ing  approach):  5 5 18 5 2 19 8 9 
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The two most common approaches used are human factors 
analyses (19 documents) and driver performance studies (18). 
There are also several studies of driver stereotypes (9) and 
preferences (8). On the other hand, accident data analyses (2) 
and problem surveys (5) are rare. 

Also noteworthy is the general shift in focus from driver 
performance experiments in the 1960's and early 1970's to human 
factors analyses in the late '70s and 1980's. This is indicative 
of the trend towards more analytical work based on documented 
human factors principles, and less research to understand why 
differences occur. Furthermore, much of the work is 
methodologically constrained. Only 7 of the 48 documents 
discussed in this review use more than 2 of the approaches 
identified previously. This small number of documents published 
on secondary controls in the last two decades suggests a historic 
lack of interest in this topic by the automotive industry. 

One can identify the major contributions not only by the 
number of approaches used, but also by the page count of each 
document. Shown in Figure 1 is a plot showing that information. 
In creating this figure, the number of pages in journal articles 
was multiplied by two so that the average word count per page 
would be equivalent to that of technical reports. Notice that 
the page lengths vary considerably reflecting a mix of short 
items (journal articles and SAE papers) and lengthy technical 
reports. In terms of length, Woodson, Conover, Miller, and Selby 
(1969), Malone, Krumm, Shenk, and Kao (1972), and Green (1979) 
stand out from among the rest. 

A third perspective of these data is to aggregate the annual 
page counts as is done in Figure 2. Notice that the research in 
this area didn't begin until the late '601s, shortly after 
Nader ' s book, Unsafe At Any Speed (Nader, 1965 ) was-published. 
Ignoring the last few years, there also seems to be a 
relationship between car production (in reality, sales) and 
research production (as measured by the three-year moving average 
of the number of pages written). When car production was low 
('70-'71, '80-'82), there was virtually no research on controls, 
suggesting research support is highly discretionary. What makes 
the sales explanation hard to believe is that much of the work 
was supported by the federal government, and they don't sell 
cars. For example, from 1968 until 1977 15 of the 25 documents 
were directly supported by the federal government. (Two were 
supported indirectly.) It may be that when the industry was 
doing poorly, the government was less likely to fund research 
that might lead to new safety regulations (and purportedly 
increased costs). Whatever the reason, those searching for 
research literature in future years should examine places where 
industry-supported studies are likely to appear. Further, 
expectations of how much people will find should be based upon 
the health of the automotive industry at the time as well as 
trends given here on research production. 
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Much of the early research was conducted in the interest of 
building safer cars. In the late 19701s, the political climate 
changed and safety became a less important concern. As a 
consequence, government support stopped and very little new work 
was contracted out. In the 801s, output has been quite low, 
roughly two papers or reports every year, not much considering 
the importance of the problem. 

These figures may be a bit misleading in that they do not 
reveal the renewed interest in controls that has occurred in the 
last year or two. Many car manufacturers have used the words 
"ergonomics," "human factors," and "human engineering" in their 
advertising, and as described later, have begun to pay greater 
attention to what customers want. One of these "wants" is a car 
that is easy to use. Cynics have remarked that cars are easy to 
use because, "everyone knows where the steering wheel, brake, and 
the gas pedal are, and how to use them." However, customer 
complaints about doors that are hard to open, seats that are 
uncomfortable, seat belts that are difficult to put on, controls 
that are hard to reach, displays that cannot be read by older 
drivers, and radios that are overwhelmingly complex, have led 
many to believe otherwise. 

This change in attitude has several consequences. First, 
the shift from safety to ease-of-use has led to greater 
acceptance of human factors. Human factors work is viewed as 
leading to greater sales rather than as a cost. Second, the 
change in attitude has led to changes in the methods used (e.g. 
greater emphasis on preferences, less on performance), greater 
ties with marketing and less with accident investigation, and 
finally, a new emphasis on proprietary research. 



WHAT DO THE HF LITERATURE 
SUMMARIES SUGGEST? 

General Human Factors Literature 

There are a number of textbooks devoted to the subject of 
human factors. All of the introductory texts contain at least 
one chapter on the subject of controls. For example, both of the 
first two textbooks on human factors, Applied Experimental 
Psychology (Chapanis, Garner, and Morgan, 1949) and Human Factors 
in Undersea Warfare (Craig and Ellison, 1949), dealt with that 
topic. In Chapanis et al. it was chapter 11, Controls for Human 
Use. In Craig and Ellison it was chapter 5, The Design of 
Controls. Later texts which saw widespread use also contain 
chapters on controls (Morgan, Cook, Chapanis, and Lund (1963) 
(chapter 6), McCormick (1970) (chapter ll), Woodson and Conover 
(1970) (chapter 2) and McCormick and Sanders (1982) (chapter 9)). 

In the early 701s, the basic introductory texts were 
supplemented by the ~uhan Engineering Guide to Equipment Design 
(Van Cott and Kinkade, 19721, often referred to as HEGED ("hedqe- 
ed"). When the rate of growth of the profession increased in she 
19801s, so too did the textbook market. McCormick's text (now 
jointly authored with Mark Sanders and in its sixth edition 
(Sanders and McCormick, 1987)) is still the most commonly used. 
A few have complained that Sanders and McCormick lacks problem 
sets (which most engineering texts contain) and is dated 
(primarily in its coverage of computer interfaces). This has 
motivated others to enter the textbook market. However, on the 
whole, Sanders and McCormick is a useful text for solving 
practical engineering problems and is a reference designers 
should have on hand. Two other. well-known texts are Kantowitz 
and Sorkin (1983) and Bailey (1982). Kantowitz and Sorkin (1983) 
is written much like an introductory psychology text, with 
sidebars containing interesting stories and example applications. 
It does not contain as much hard technical data or any problems 
to solve, and its largest readership is in human factors courses 
offered in psychology departments. Bailey (1982), written while 
he was a member of the Bell Laboratories technical staff, 
emphasizes issues pertaining to human-computer interaction in 
fair detail. A new edition is being prepared. 

Unlike many areas of engineering and science, where there is 
a single or small number of commonly- used handbooks ( e. g . , Mark ' s 
Standard Handbook for Mechanical Engineers (Baumeister, Avallone, 
and Baumeister, 1978), CRC Handbook of Chemistry and Physics 
(Weast, 1976), handbooks are not widely used in human factors 
engineering. The only well-known human factors handbook is 
Woodson (1981). Woodson is spotty in its coverage. Many areas 
are better covered in other works. 
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A more recent handbook is Salvendy (1987). A chapter is 
devoted to controls, but it is just one chapter out of about 70. 
Despite its length (1800+ pages), Salvendy tends to be a bit 
light on figures, tables, formulas, and other engineering data. 
Automotive designers will find Woodson (1981) more useful. 

There are other textbooks dealing with specific areas of 
human factors, including Wickens (1984) on human performance 
theory, and the two-volume Eastman Kodak Company (1983; 1986) set 
dealing with applications of human factors to workplace design. 
Finally, there is a two-volume set of notes and readings used in 
a short course on human factors engineering taught each summer at 
the University of Michigan (Pew and Green, 1986). The notes are 
in an outline format and are most useful to those attending the 
course. However, since they are revised annually, they are 
usually more current, especially the references, than textbooks. 

The content of the chapter or chapters on controls in most 
human factors textbooks is fairly consistent. Typically they 
cover the basic schemes for coding controls (labeling, shape, 
texture, size, location, color, etc.) and factors pertaining to 
the movement of controls (control/display ratio, resistance, 
deadspace, hysteresis, etc.). They also discuss the design of 
common controls such as keyboards, knobs, pushbuttons, levers, 
cranks, handwheels, and foot pedals. For these controls specific 
design recommendations for control size, spacing, and operating 
forces are given. Most texts also cover cursor control devices 
(mice, light pens, touch pads, etc.) and mention exotic control 
devices (e.g., eye fixation slaved controls) as well. Shown in 
Figures 3 and 4 are two typical pages from McCormick and Sanders 
(1987) for those readers unfamiliar with human factors texts. 

Other sources of design guidance are military standards. At 
one time, HEL-STD-6-66 was commonly used by the military (but not 
by private industry) as a procurement requirement. Many years 
ago, this document was superceded by a generic human factors 
standard, Mil Standard 1472 (MIL-STD-1472C, Human Engineering 
Design Criteria for Military Systems, Equipment and Facilities). 
This several-hundred page military standard is very 
comprehensive. While obviously intended for military 
applications, it is the only broad-base human factors standard in 
existence and is therefore used in civilian contexts as well. 
Every practicing human factors engineer should have a copy, since 
it is viewed as the defacto human factors standard. It is well 
known that 1472 is a minimal standard, and is so viewed in 
product liability cases. The 1472 document contains a lengthy 
and exacting description of standards for control arrangements, 
coding, dimensions, actuation forces, etc. (See Figure 5 for 
sample text). In using 1472, one should realize that the 
anthropometric data is based on a sample of the military 
population, which is somewhat less variable that a similar 
civilian sample. 
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CHAPTrR 9: HUMAN COMROL OF SYSTEMS 

UP UP Forward Forword 

flGURE 9 5  
Tracking performance with horizontally mounted and vertically mounted stick 
controls and varying controldisplay relationships. (Source: Adapted from 
Spmgg, Finck, 6 Smith, 1959, data based on tn'als 9 to 16.) 

*- 
Tradcrng 
Score 

mounted stick, on the horizontal lateral-cutting plane, there was less difference be- 
tween the forward-up and forward-down relationships. 

Based on these studies and others; Grandjean (1981) recommended the movement 
compatibility relationships shown in Rigure 9-6 for rotary and stick-type controls 
and linear displays located in various planes. 

238 1 49 221 227 

Movement Relationships of Rotary Vehicular Controls In the operation of 
most vehicles then is no "display" to reflect the "output" of the system; rather, 
there is a "response" of the vehicle. In such instances, if the wheel control is in a 
horizontal plane, an operator tends to assume an orientation toward the forward point 

flGURE 96 
Recommended movement nlationships for rotary and stick-type controls and linear displays 
located in various planes. (Source: Grandlean, 7981; fig. 113.) 

F igu re  3, Page 241 f r o m  Sanders and McCormick, 1987 

11 
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CHAPTER 10: CONTROLS 

Thickness can be as small as 
114 in. (0.6cm) if diameter is about 

Thickness should be no less 
than % 1n.(l.9cm) 

Bock knob diameter: hould be no less thon '/zin. (1.3cm) 
pntembly not over 3 in hould be no less thon 519 in.(1.6eml 

M~ddle knob diameter: 
1'/2 to 2 % in (3.8 to 6.3cm) 
preferably.aboul 2 in. (5.0 cm) 

FIGURE 10-13 
Dimens~ons of concentrically mounted knobs that are desirable in order to 
allow human beings to diflerentiate knobs by touch. (Source: Adapted from 
Bradley, 1969.) 

this, Bradley (1969) used various combinations of such knobs and various pafor- 
mace criteria (errors, reach time, and turning time). He found that the dimensions 
shown in Figure 10-13 were optimum. 

Knobs for Producing Torque 

Often, control knobs are used to apply fairly high levels of torque to equipmeit, for 
example, in turning on or off a water faucet, tightening a clamp mechanism, or 
turning a door knob. Kohl (1983) measured the maximum isometric force that fe- 
males could exert on smooth aluminum knobs of various shapes and sizes [diameters 
of 2.5 to 5.5 in (6.4 to 14.0 cm)]. Subjects performed the task under two conditions: 
with greased hands and with hands covered with a nonslip compound. Figure 10-14 
presents results after performance is averaged across the various knob sizes. It is no 
surprise that greasy hands reduced the ainount of force (torque) that could be applied 
to the knobs. There was little effect of knob shape when the nonslip compound was 
used; however, with greased hands, torque decreased as the numkr of sides on the 
knob increased. As might be expected, the larger the knob diameter, the more torque 
that could be developed, but this effect diminished as the number of sides on the 
knob increased. Kohl cautioned that the triangular knob caused discomfort a .  then- 
fore recommended the square shape. 

Brullinger and Muntzinger (1984) performed a similar experiment, varying the 
shape of knobs having a diameter of 80 mm (3.15 in). The subjects in this experi- 
ment were males, and they performed the task with clean knobs and with knobs 
soiled with dirt and oil. Figure 10-15 shows the knob shapes used and the average 
maximum torque produced with each. Larger differences in torque production were 
found between shapes in this study than in KoM9s study, The control producing the 
highest average torque (i.e., control 1, a rectangular bar) was not recommended 
because of the discomfort caused by the edges digging into the palm of the hand. 
Control 4, in soiled conditions, and control 5, in clean conditions, were recom- 
mended. 

Figure 4 ,  Page 277 from Sanders and McCormick, 1987 
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MIL-STD- 1472C 

Note: Above data for barehand application. For gloved hand operation, 
minima should be suitably adjusted 

Minimum 

Maximum 
> 

. 
Minimum 

Maximum . 

Minimum 

Preferred 
* 

PUSHBUTTONS (FINGER OR HAND OPERATED) 

Figure 5. Sample Page f r o m  Mil Standard 1472C 

DIMENSIONS 
DIAMETER 

0 

4 

RESISTANCE 

Different 
Fingertip 

9.5 mm (318 in.) 

25 mm (1 in.) 

Thumb or Palm 

19 mm (314 in.) 

DISPLACEMENT 

A 

Thumb or Palm 

2.8 N (10 o t )  

23 N (80 o t )  

Single Finger 

2.8 N (10 02.1 

11 N (40 o d  

Fingertip 

2 mm (5/64 in.) I 

6 mm (1 I4 in.) 

Fingers 

1.4 N (5 02.) 

5.6 N (20 o r )  

Thumb or Palm 

3 mm (1 18 in.) 

38 mm (1.112 in.) 

SEPARATION 
S 

Thumb or Palm 

25 mm (1 in.) 

150 mm (6 in.) 

Single Finger Different 
Fingers 

6 mm (114 in.) 

13mm (112in.l 

Single Finger 

13 mm (112 in.) 

50 mm (2 in.) 

Sequential 

6 mm (114 in.) 

13 mm (112 in.) 
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What then, should automotive designers read? Sanders and 
McCormick (1987) is the most comprehensive textbook available, 
and if designers are regularly dealing with human factors 
problems, they should have a personal copy of it. Designers 
should also have a copy of MIL-STD-1472C, and abide by it when 
developing vehicles. Finally, completion of a human factors 
course (such as the University of Michigan Short Course) can also 
be helpful in providing the most up-to-date information in this 
field. 

Previous Literature Reviews Concerning Secondary Controls 

Supplementing and enhancing the information contained in 
textbooks are the literature reviews published in various 
automotive and human factors journals which specifically address 
human factors and automobile controls. In Perel (1974), there is 
a review of the five National Highway Traffic Safety 
Administration (NHTSA) studies concerning controls and displays 
for which Perel was contract monitor. They include Woodson, 
Conover, Miller, and Selby (1969), and Krumm (1974), as well as a 
study concerning driver eye position and driver needs, and one 
concerning driver brake force capabilities. Details of each of 
the first three studies are given later in this report, and 
therefore will not be described here. NHTSA was sponsoring all 
these projects with an eye toward providing a data base for the 
development of Federal Motor Vehicle Safety Standards (FMVSS) in 
the area of controls and displays (FMVSS No. 101). Perel 
concluded that there was a need for further research in the area 
of driver/vehicle mismatches as well as for standardization of 
control locations between manufacturers. Perel (1974) is useful 
as an overview of the five projects, but is less meaningful now 
as a description of current research than it was in 1974. 

Knaff (1975) expanded the focus of driver control studies, 
reviewing literature concerned with human brake pedal force, 
seatbelt usage, and control design. Only two of the reports he 
reviewed concern the design of secondary controls. Thus, Knaff 
(1975) offers little additional information pertaining to 
research on automobile control design. 

Nicholson (1979) also summarizes NHTSA reports covering a 
wide variety of subjects, some of which are related to controls 
design. (Other issues discussed include restraint systems, 
driver visibility, side quality, accident data systems, etc. ) 
Six references in the Nicholson paper deal specifically with 
controls, and the paper describes key points in these works. It 
is only a brief report, but it is an interesting overview and a 
useful introduction for those who know little about the field of 
automotive human factors. 



- WHAT DO HUMAN FACTORS LITERATURE SUMMARIES SUGGEST? - 

Green (1979) reviews an extensive collection of literature, 
as well as vehicle hardware, concerning multifunction stalk 
controls. However, that report also briefly discusses panel- 
mounted controls as well, a necessary part of any study of 
vehicle controls. This report is several hundred pages long and 
contains much more in-depth information than the reviews 
described earlier. The section headings used in that report are 
similar to those used here, and many of the reports reviewed in 
it are also reviewed here, though more broadly because this 
report concerns all controls, not just stalk controls. Due to 
these similarities, a detailed re-iteration of that literature 
review will not be given here. 

Green (1979) also describes an extensive vehicle survey 
carried out on the location and method of operation of all 
multifunction stalk configurations found in 1977-1979 model yea 
domestic and foreign automobiles. While Green admits that the 
survey is far from complete, it does "provide a reasonable 
picture of the stalk configurations in use during this period ( 
94)." Appendix D in Green (1979) contains a tabular summary of 
this survey. 

Also in Green (1979) is a discussion of the effort of 
standards organizations with regards to stalk controls. Included 
are comments on the ECE (Economic Commission for Europe, a 
Geneva-based UN group), the EEC (European Economic Community or 
Common Market), and ANSI (American National Standards Institute). 

Finally, Green (1979) contains a brief discussion of human 
performance models for predicting activity completion times. 
Among them are Hick's La,w for response time and Fitts's Law for 
the time to complete ballistic movements. Green proposes that 
"combining several of the psychological models with the 
industrial engineering data will yield the most accurate 
predictions (p. 140)" with respect to human performance. Since 
then, this has occurre'd, and such models are commonly applied to 
study human-computer interaction (Card, Moran, and Newell, 1983). 
(Those unfamiliar with Hick's Law and Fitts's Law should read 
Card et al.) Green's report goes on to make a series of 
tentative human factors design recommendations with respect to 
the design of stalk controls, though those recommendations apply 
to all control types and contexts, including instrument panel- 
mounted controls. 

Green (1979) concludes with a number of proposals for future 
research. With respect to finding novel designs for controls, he 
suggests a study of custom and show car dealers and 
manufacturers, as well as possible MVMA sponsorship of student 
industrial design projects to develop new control designs. He 
also suggests a detailed study of the relationship between 
control design and accident statistics, as initially undertaken 
in the Perel (1976) study. He also proposed a survey of drivers 
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in Europe and Japan to add information regarding experiences of 
non-American drivers with controls. Finally, a series of 
experiments to determine the parameters of a possible response 
time model were suggested, to allow engineers to properly predict 
driver performance in the future. 

Rockwell and Roach were hired by the MVMA, the sponsor of 
the Green (1979) report, to critique that report (Rockwell and 
Roach, 1980). Interestingly, while they suggested that Green's 
model was too simple, internal MVMA comments were that it was too 
complex. Rockwell et al. noted several other weaknesses in the 
proposed model: selecting performance time over other criteria 
(e.g., eye movements, number of errors, etc.) as a measure of 
human performance and a lack of a dimensional analysis. 
Furthermore, while they suggested that performance time was not a 
particularly suitable criterion. 

Perel's 1983 report reviews the relationship between vehicle 
familiarity and safety. Perel examines six sources of accident 
causation data, and discusses their findings. In particular, he 
notes that lack of familiarity with the controls of the vehicle 
is often a significant factor. One of his sources was the 
Indiana University Tri-Level Study of Accident Causation (Treat 
et al., 1979) which involved analysis of police reports, on-scene 
accident analyses, and in-depth accident investigations. In that 
study, 34% of the passenger car drivers had less than six months 
familiarity with the car, and roughly 25% of the vehicles 
involved had less than 2,000 miles on the odometer. Perel argues 
this supports his hypotheses that familiarity with vehicles and 
ease-of-use of controls are essential to safe driving. 

Finally, a potential report of interest is de Waal and 
Moraal (1983). The abstract for this report (in English) says 
the report reviews the literature regarding ergonomic aspects of 
cars and trucks. (The body of the report is written in Dutch, a 
language in which the authors are not fluent.) It is notable 
that this report offers comments on the relative importance of 
the various ergonomic factors. According to the abstract it also 
tries to formulate standards for vehicular ergonomics. It would 
be interesting reading if this document translated. 

Summary 

To recap, there have been several literature reviews of 
human factors and controls prior to this one. The only 
comprehensive review pertaining to controls was Green (1979), 
which this document supersedes in many aspects. (Those with 
specific interests in stalk-mounted controls should read Green, 
1979. ) 
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In terms of basic material on human factors engineering, 
there is a great wealth of information. Those with minimal 
formal course work in human factors engineering/ergonomics are 
urged to carefully study a common human factors textbook such as 
Sanders and McCormick (1987), in particular chapters 9 and 10. 
Another source of information designers and engineers should have 
a desk copy of is Military Standard 1472. Finally, attendance at 
a human factors short course such as the class at the University - 
of Michigan is also strongly recommended for those seeking an 
introduction to human factors and the design of controls. 
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WHAT EXPECTANCIES DO DRIVERS 
HAVE FOR CONTROLS? 

In designing and positioning controls for cars, driver 
expectancies for control location, method of operation, and 
switch type should have a major influence on the designer's 
decisions. When controls are not placed where people expect 
them or operate differently than expected, it takes drivers 
longer to use them and they make more mistakes in doing so. In 
some instances, the design that drivers expect is not optimal 
from the human factors perspective when experience is ignored. 
When this occurs, the designer must decide how to trade off 
short-term performance (favoring the expected design) with 
long-term performance (favoring the optimal one). 

Three major reports of driver expectancies are examined in 
detail in this section. Issues examined include the 
relationship between expectancy and performance, preferences 
for controls and location, preferred reach distances to 
controls, and several related issues. 

McGrath (1974) 

While the focus of this report is on U.S. drivers, some 
mention of foreign drivers must be made for the sake of 
completeness. McGrath (1974) reports control expectancies from 
a survey of 219 European (UK, France, Italy, Sweden) and 
Japanese drivers. Participants were given two sketches, one of 
an American-made and one of a foreign-made auto, and asked to 
mark where they expected to find seven controls. (ignition, 
hazard control, defroster control, cigarette lighter, washer 
control, wiper control, and headlight control.) All the 
sketches depicted left-hand-drive cars except for the "European 
cartt sketch shown to UK drivers and the "Japanese cartt sketch 
shown to the Japanese drivers, both depicting right-hand drive 
cars. 

McGrath found that, generally, European expectancies did 
not depend upon whether the vehicle was European- or American- 
made. Furthermore, while most of the expectancy differences 
between left-hand and right-hand drive showed mirror-image 
location reversal, there were still some locations selected 
which were not simply reversed in this manner. For example, 
while drivers expected to find the cigarette lighter on the 
right panel of a left-hand drive car and the left panel of a 
right-hand drive car, they expected to find the defroster 
control on the right panel of both types of car. This 
indicates that driver expectancy patterns do not simply switch 
sides with left- and right-hand drive. 
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There were also general differences between nationalities 
regarding control locations, suggesting a fair degree of 
autonomy among European countries. For example, French and 
Italian drivers expected to find the headlight switch on a 
left-side stalk, while other drivers expected an outboard panel 
location. There were similar differences with the wiper/washer 
controls. Europeans expected to find these controls mounted on 
the stalk, while American drivers expected them to be on the 
left side of the panel. Each nationality has its own set of 
unique expectancies regarding the location of other controls, 
especially between panel- and column-mounting. Americans 
expected the hazard switch to be located on the right side of 
the column, while all other drivers expected it to be on the 
right side of the panel. Furthermore, while most drivers 
expected the horn to be mounted on the steering wheel hub, 
French and British drivers expected the horn to be stalk- 
mounted. These differences make it difficult to design one car 
ideally suited for world-wide distribution. 

Anacapa Sciences (1974, 1976) 

The most significant and detailed studies of driver 
performance and expectancy in locating controls was carried out 
by Anacapa. An overview of that extensive project is shown in 
Figure 6. The findings of this effort are detailed in three 
documents: an early progress report (Anacapa Sciences, 1974), a 
related analysis of foreign cars and drivers (McGrath, 1974, 
described above), and a final report that both summarizes the 
earlier work and describes the later work in detail (Anacapa 
Sciences, 1976). 

Anacapa conducted four extensive control expectancy 
surveys, three of which concern U.S. drivers. The initial 
survey involved 100 of them. It is not clear which controls 
were tested. The progress report (Anacapa, 1974) show the da 
for six controls (windshield wiper/washer, defroster, hazard 
switch, headlights, and ignition/starter) but the project 
overview (Figure 6 here) refers to 8 controls and the Anacapa 
(1976) report text to 7. 

The purpose of the survey was to identify how expectancy 
data should be collected. In one condition participants placed 
adhesive-backed dummy knobs on a blank instrument panel mounted 
in a 1973 Chevrolet Impala where they expected to find controls 
in an unfamiliar full-size American sedan. In a second 
condition, participants marked a sketch showing where they 
expected to find the same controls. In brief, the results of 
this survey, originally reported in Anacapa Sciences (1974), 
indicate the following expectancies: 



Figure  6, Summery o f  Experiments in Anacapa Program 
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wiper/washer - either left or right of 
panel, tendency toward left 

defroster - right panel 
hazard flasher - mostly on column, tendency 

toward right side 
headlight - far left of panel 
ignition - right side of column or 

right panel 

Scatter plots showing the distribution of responses for each 
function appear in Appendix A at the end of this report. 

With regard to the methodology question, Anacapa reports, 
"The results generally showed that the expectancy distributions 
obtained by the two methods (paper-and-pencil, in-car) were 
sufficiently similar that the simpler pencil-and-paper method 
could be used for test purposes. Chi-square tests showed that 
the main difference between distributions were mainly from 
those that were forced by the differences in panel 
configurations. We also found that explicit instructions must 
be given to ensure that the subject differentiated between 
panel-mounted and stalk-mounted locations" (Anacapa Sciences, 
1996, p. 11). 

Once Anacapa had established the validity of the paper- 
and-pencil method, they conducted a follow-on study to identify 
expectancies for other controls and more accurately determine 
expectancies for the controls previously tested. Drivers 
marked the expected location for 14 controls on one of five 
versions of a mail-back questionnaire. They also answered a 
few other general questions. The questionnaire was distributed 
to 7,000 California drivers at Department of Motor Vehicle 
offices, 1,708 of whom responded. Chi-square tests revealed no 
significant differences-between any of the sub-samples with 
regard to age, sex, driving experience, or between the general 
California driving population and the sample responding in 
terms of these descriptors. 

There were five versions of the questionnaire. Two showed 
full-size American sedans, one was for compacts, one was for 
light trucks and vans, and one was for small foreign cars. 
Only the compact and foreign cars had center consoles. All of 
the cars were stated to have automatic transmissions except for 
the foreign cars. 

Numerous analyses are,described in the Anacapa report. 
For those interested in the expectancy scatter plots, they are 
included in the How Should Controls Be Desiqned section of this 
report. The expectancy data have also been aggregated into six 
categories and are shown in Figure 7. 
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The headlights were expected to be on the far left side of 
the panel (about 85% of the time) in all types of vehicles 
tested. Drivers who owned imported cars were less likely to 
expect panel-mounting, suggesting the location in their own 
cars (often stalk-mounted) influenced their expectancies. 

Also influencing expectancies was the reported frequency 
of use. Drivers who reported using the headlights less than 
once per week were less likely to expect it to be located on 
the left side of the panel. It is not clear what the 
implications of this finding are. 

The windshield wiperjwasher switch was also expected to be 
on the left side of the panel (by about 70% of those 
respondents), generally below and inboard of the lights. The 
distribution'was more dispersed than the lights. Depending on 
the vehicle, expectancies for any stalk location ranged from 1- 
5%, usually closer to 1% and were no more than 3.5% for any 
side. 

Over 95% of those responding expected the radio on the 
right side of the panel, even in vehicles with a center 
console. None of the other variables examined in this 
experiment had an effect on expectancies for the radio. 

Expectancy distributions for the heater were more diffuse 
than for other controls. Nonetheless, about 80% of those 
responding expected it to be on the right side of the panel. 
There were statistically significant differences between 
vehicles; primarily a slightly greater expectancy for console- 
mounted heaters in small foreign cars than in other vehicles. 

Expectancies for the lighter and ashtray were very 
similar. Typically, well over 90% of the drivers expected them 
to be located on the right side of the panel. For compact and 
foreign cars, some drivers (10 and 15% respectively) expected 
the ashtray on the console. Console expectancies were more 
prevalent in younger drivers. 

Almost half of the drivers expected to find the hazard 
switch on the right side of the column. For those who expected 
panel-mounting, there was not agreement as to where. The type 
of car a person drove had a major influence on their 
expectancies; foreign car owners were more likely to expect 
panel-mounting. 

There was little agreement as to where the vent control 
should be located. There was some expectancy for the lower 
left of the panel, but only for compacts and foreign cars. 
This expectation was somewhat stronger in younger drivers. 
Sometimes the vent is a separate control and sometimes it is 
part of the climate control. This mixture of responses is 
reflected in the data. 
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The defroster was expected to be on the right side of the 
instrument panel by just over 75% of those tested. There was 
no agreement as to where within that section it was expected. 
The Anacapa (1976) report describes many oddities in the data 
with regards to differences between various subject sub- 
samples. Some of them they cannot explain. 

The ignition was expected to be either on the right side 
of the column (30-44% depending on the vehicle) or the right 
side of the instrument panel (48-60%). Column mounting was 
expected more often in newer cars. Panel mounting was expected 
more often in foreign cars. 

The parking brake was expected to be below the panel on 
the left (54-768) for all vehicle types except foreign cars 
where the expectancies were almost evenly divided between below 
the left panel (45%) and below the right (41%). 

The distributions for the parking brake release are much 
more diffuse. For full-size American cars, the expectancy was 
for the left side of the panel (77%). 

The hood release was expected at the very bottom of the 
left side of the panel by 71-79% of the drivers, depending upon 
the vehicle. 

The dimmer switch was expected to be floor-mounted (73-83% 
depending upon the vehicle). In foreign cars, 20% of those 
responding expected it to be mounted on a stalk on the left 
side of the column. This finding was even more common for 
those who drove foreign cars. 

From their earlier experiment (involving 100 drivers), 
Anacapa had concluded that it was the driver's total 
experience, not the vehicle they were then driving, that 
influenced their expectancies. Clearly, these data show the 
conclusion reached earlier was untrue. The vehicle a person is 
driving has a major influence over their expectancies. 

Anacapa reports that these results reveal an "expectancy 
lag," a condition in which expectancies for a control 
configuration continue long after use of the configuration 
ceases in production vehicles. For example, in the 196Ots, the 
wiper/washer switch was usually located on the right side of 
the instrument panel. At the time of the Anacapa study, the 
design practice for several years had been to place it on the 
left side of the panel. Nonetheless, respondents still 
expected the control to be located on the right. Similarly, 
foreign vehicles have had stalk-mounted wiper/washer controls 
for many years, yet drivers still expected panel-mounting of 
these controls. This expectancy lag is the combined result of 
habit ingrained over years of experience and the continuing 
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ownership and use of vehicles long after they cease to be 
produced. 

The final expectancy survey in the Anacapa program 
examined the relationship between control-locating performance 
and subjective expectancy for control locations. The 
previously collected expectancies could not be used because 
each individual has different expectancies and using population 
means would have masked the relationship of interest. As part 
of the final experiment, 2,088 drivers were asked to mark on a 
sketch the location of two different randomly selected items 
(from a set of eight controls and accessories) in either a 1973 
Ford LTD wagon or a 1969 Toyota sedan. This was done after the 
subjects had participated in a performance experiment that 
involved searching for controls on a mockup panel in those 
cars. 

The results are shown in Figure 8. Drivers expected to 
find the Headlight and Wiper/Washer controls on the left panel 
while the Hazard Switch was expected on the right-hand side of 
the steering column. Floor-mounted headlight dimmer switches 
were also expected as opposed to those on a stalk. Notice most 
of the values are within 2-5% of those from the previous 
experiment except for the wiper (where more drivers here 
expected it on the left side of the panel) and the vent (where 
the expectation for mounting on the right increased). Good 
research is repeatable and that is certainly true here. 

In addition, the participants were asked to rate the 
strength of their expectancies on a nine-point scale. The 
results of this survey are shown in Table 2. The utility of 
the expectancy strengths is unclear. 

Table 2. Control Location Expectancy Strengths (Anacapa 
Sciences, 1976). 

Expectancy Strength 
(Scale: l=low, 9=high) 

Control Location Ford LTD Toyota 
Headlights left panel 7.3 7.2 
Wiper/Washer left panel 6.6 5.4 
Defroster right panel '7.0 6.7 
Hazard Switch right column 6.6 5.4 

The Anacapa (1976) study concludes with a discussion of 
the test procedure and suggestions for further research. One 
0% the more interesting conclusions reached is that subjective 
expectancy is not necessarily an independent variable, since a 
subject learns control locations and develops testing 
expectations as experimentation continues. For this reason, 
Anacapa canceled their planned duplication of this experiment 
in actual road tests. They determined that a test buck would 
not offer the proper simulation either, since its atmosphere 
was too artificial and it tended to change the subjects' 
attitudes regarding vigilance (i.e. taking one's eyes off the 
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road to look for a control.) As an ideal testing situation, 
Anacapa proposed the use of a real car which the subject need 
not drive, using mock-up instrument panels. 

Even though the data are over ten years old and the 
expectancies they describe have changed, this study should be 
carefully reviewed by those designing controls. The Anacapa 
Sciences expectancy research (and the performance work 
described later) is extremely well done, with clear 
experimental designs, substantial sample sizes, carefully 
collected data, and relevant and concise analysis. 

Black, Woodson, and Selby (1977) 

Black, Woodson, and Selby (1977) collected expectancies 
from 900 U.S. drivers for 10 controls (washer, wiper, cruise, 
headlights (on/off), headlights (high/low beam), hazard, 
interior fan, temperature controls, defrost/defog, and radio). 
Each driver was shown two boards containing 20 panel-mounted 
controls and 10 stalk controls. Drivers selected the switch 
they expected for each function and specified its method of 
operation, basing their decision on a picture of the car in 
which the controls were to be found. There were six choices: 
Mercedes, Honda, Granada, Chevette, Dodge, and Saab. There was 
a tendency to expect gaudy controls (chrome, simulated wood 
faces) in American cars and austere controls (dull black, large 
rounded corners) in foreign vehicles. Some of the results of 
this survey are displayed in Table 3. 

For the headlights (on/off) and wiper/washer controls, 
subjects had strong expectancies (3:f or better) in favor of 
panel over stalk mounting. When the light switch was on the 
panel, a round knob that was pulled was expected. Where 
column-mounting was considered, subjects generally weren't sure 
where to find the control, yet if forced to choose, the left 
was preferred over the right side. There was no consensus 
among drivers as to how a stalk control for the headlights 
(on/off) should operate. 

The wiper and washer were expected on the panel. A round 
knob had the highest expectancy and was most likely to be 
turned clockwise for the wiper and pushed in for the washer. 

For the cruise and high-low beam controls, only stalk 
locations were considered. (Most subjects expected the beam 
control to be located on the floor near the driver's left 
foot.) In both these cases, left stalks were favored over 
right. For the high-low beam switch, pulling the lever towards 
the driver was the preferred means of activation. 
Unfortunately, the basic design of a cruise control switch made 
the results for this category misleading. While it is 
conceivable that a cruise control could have one button control 
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(push to set current speed, touch brake or accelerator to turn 
off), most systems have at least an on/off switch and a setting 
switch. 

Finally, subjects expected the hazard switch to be mounted 
on the right side of the steering column and operated by 
pulling on. While Black's approach suggests an appropriate 
switch type and method of operation for each function, it is 
apparent that any final assignment of functions must involve 
the instrument panel as a whole. For example, the data here 
indicates that a button on the left stalk had the highest 
expectancy percentages for both washer and cruise controls, yet 
a combination of these controls on a single stalk is 
impossible. 

While the Black et al. study was well-planned and 
executed, and the overall format of the report makes it easy to 
read, it contains several major weaknesses. First, in many 
places, the percentages don't add up to 100%. Whether this is 
due to missing responses on some questionnaires returned, 
calculation errors, or both, is not clear. The errors are too 
large to be due to round off. It would have been helpful to 
report not only the percentages, but also the actual number 
responding to each item. Furthermore, while summary 
percentages for each class of controls were given (e.g. knob 
lo%, lever 5%), the percentages for each design are usually not 
(e.g., knob #1 = 3%, knob #2 = 6%, etc.). It is this detailed 
data which most designers want. Finally, style and 
configuration of the stalks used are not reported (e.g. plain 
or multifunction, one- or two-stalk design). In spite of such 
errors and the age of these data, they are still useful, but 
should be used carefully. 

Summary 

While there have not been many studies of driver 
expectancies for controls, the work that has been done has been 
first rate. Their primary concern has been where drivers 
expect particular controls to be located. Except for the work 
of McGrath, all the expectancy studies have. dealt with American 
drivers, who expected more controls to be located on panels and 
fewer on stalks. (For example, at one time American drivers 
expected the wiper/washer and headlight controls to be located 
on the left side of the instrument panel, while foreign drivers 
expected stalk locations.) 

Only one study (Black et 
preferences for control types 
many cases their analysis is 
of a decade since this study, 
data can be retrieved. 

al., 1977) has concerned 
and direction of motion, but in 
incomplete. But with the passing 
it is unlikely that the original 

The data in the literature, especially for the beam 
switching and wiper/washer controls, are of limited value. 
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Since the '70s, stalk controls have become much more common for 
these functions. It is therefore likely that driver 
expectancies for stalk controls are much greater. Expectancies 
for other controls may have changed as well. At this time, 
there is certainly the need for new expectancy data. For those 
interested in aggregations of the expectancies by control, that 
information appears in the section, entitled "How Should 
Specific Controls Be Designed." 

The research, however, is not useless. An important 
lesson from this research concerns how to collect additional 
data. It is clear that paper-and-pencil sketches can be 
effectively used to collect expectancies, even for stalk 
controls. It is much easier to collect data in that manner 
than using mockups or production vehicles. 



WHAT CONTROL DESIGNS 
DO PEOPLE PREFER? 

This chapter examines studies undertaken to determine 
driver preferences for different secondary control 
configurations. Most of the studies were sponsored by the 
automobile manufacturers, since they have the most interest in 
determining customer preferences. There are eight studies 
discussed in this section. Most of them are concerned with 
specific classes of controls (e.g., headlight selector 
switches, multifunction control stalks, and pod controls). 
Only one, the Ford Best-In-Class program, deals with the design 
of the entire instrument panel (actually the design of the 
entire vehicle). As noted earlier, there are several 
preference studies that have been completed recently by the 
manufacturers. However, they consider them to be proprietary 
and refuse to release any details, so they are not described 
here. 

Mortimer and Post (1973) 

In the early 1970's the U.S. government was considering 
requiring cars be fitted with a three-beam headlight system. 
The low and high beams would be comparable to current low and 
high beams. The mid beam was a middle level specifically 
designed for expressway driving. Mortimer and Post ( 1 9 7 3 ) ,  as 
part of a study described in the human factors methods section, 
carried out an experiment in which 10 U.S. drivers stated their 
preferences for switches for three-beam systems. (Drivers did 
not have a chance to operate them.) The three designs tested 
are described in Table 4. Column-mounting was preferred. 

Table 4. Switch Preferences Reported by Mortimer and Post 
(1973). 

# Drivers 
Preferring Switch Design Method of Operation 

Stalk push turn signal lever away 
for low, middle, high 

Stalk (but with same as above 
reservations) 

floor-dash pull panel switch for low-mid 
combination pair, push for mid-hi pair; 

push foot sw. for beam level 

3 posn. cycling push down to increase; cycle is 
foot switch low, mid, hi, low, etc. 
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Kuechenmeister (1974) 

Kuechenmeister (1974) had 24 General Motors employees 
drive a test vehicle fitted with a multifunction control for 
one evening each. (The left side multifunction stalk operated 
a turn signal, dimmer, and wiper/washer control.) A 
questionnaire completed after returning the vehicle revealed 
that the drivers felt the wiper, washer and beam-switching 
functions should be included on a multifunction control, but 
not the on/off switch for headlights/parking lights, hazard, 
cruise, or the horn controls. It was possible, points out 
Kuechenmeister, that there was a subjective bias towards what 
the General Motors employees thought was an "improved" General 
Motors product. 

Mourant, Moussa-Hamouda, and Howard, (1977) 

Mourant et al. (1977) conducted a re-analysis of the Krumm 
(1974) problem survey, describing responses concerning driver 
"likes" and "dislikes" specifically for stalk controls. As 
drivers listed advantages more often, Mourant, Moussa-Hamouda, 
and Howard (1977, p. 104) concluded, "these percentages suggest 
that drivers prefer more functions at fingertip reach (stalk- 
mounted) than in conventional locations on the dashboard." 

Very little about reach data appears in this literature 
review because the subject of reach is covered in another 
Chrysler Challenge fund project (Schneider, 1987). But no 
report that concerns where drivers expect to find controls 
should fail to mention Hallen (1977). He took a 1975 Volvo 245 
with a manual transmission (G7 package geometry) and inserted 
rods with knobs on the end perpendicular to the face of the 
instrument panel. There were 15 rods (4 to the left and 11 to 
the right steering column). A total of 180 Swedish drivers 
pushed the rods as far in as possible so that the controls 
remained within "comfortable reach." While doing so, drivers 
were asked to keep their shoulders in contact with the seat 
back and grasp the knob at the end of the rod with three 
fingers. 

Shown in Figure 9 is a comparison of the SAE maximum reach 
contours with the comfortable reach data collected by Hallen. 
Notice those data show that drivers prefer to have controls 
100-200 mm (4-8 inches) farther aft (closer to themselves) as 
compared with the maximum reach contours. Combining this 
information with data on steering wheel location indicates a 
strong driver preference for controls close to the steering 
wheel (often within fingertip reach). This information has 
been ignored because at the time the data was collected control 
design emphasized safety, not ease-of-use. That is unfortunate 
because Hallen's data has a very direct bearing on contemporary 
design problems. 
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McCallum, Dick, and Casey (1982) 

Anacapa Sciences had 50 luxury car owners rank-order 13 
controls according to 3 criteria: number of times used, 
preference for convenient location, and estimated severity of 
consequences of an error. This was accomplished by having 
participants place tiles with the controls names on them in 
slots on a form. Participants subsequently gave their 
preferences for pod versus instrument panel locations for 
controls (after being shown sketches of proposed designs), the 
use of redundant radio controls, the use of an ignition keypad 
(instead of a key), and the placement of control buttons on the 
top of the pod. 

Shown in Table 5 are the ranking data. 

Table 5. Ranking Data from McCallum et al. (1982) 

Rank Frequency Preference for Possible Danger 
of Use Convenient of Error 

Location ---- --------- -------------- --------------- 
high 1gnit.-start/stop 

Turn Signals 
Ignition-unlock 
Radio-on/off 
Headlamps-on/off 

Radio Tuning 
Climate 
Radio Volume 
Headlamps-hi/lo 
Wipers-on/off 
Washer 
Wiper Rate 

low Hazard 

1gnit.-start/stop 
Turn Signals 
Ignition-unlock 
Headlamps-on/off 
Headlamps-hi/lo 

Wipers-on/off 
Radio-on/off 
Wipers-rate 
Climate 
Radio Tuning 
Radio Volume 
Washer 
Hazard 

Turn Signals 
Headlamps-on/off 
Headlamps-hi/lo 
Wipers-on/off 
Ignition 
-start/stop 
Wipers-rate 
Hazard 
Ignition Unlock 
Washer 
Radio Volume 
Radio Tuning 
Radio-on/off 
Climate 

As the reader can see, there was some consistency across 
dimensions as to which controls were ranked high. In many ways 
this data repeats what is already in the literature. 

The frequency-of-use data must be used with some care. 
People are notoriously poor at estimating the likelihood of 
low-probability events, and therefore, the frequency-of-use 
data may be wrong, even across substantial sample sizes. For 
example, much work has been done on risk perception (e.g., 
Starr (1969), Fischhoff, Slovic, Liechtenstein, Read, and Combs 
(1978)). Estimates of frequencies often differ from actual 
frequencies by two orders of magnitude. 

With regard to the miscellaneous questions, all 
participants preferred pods over conventional instrument 
panels. Statistically significant results were also obtained 
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in favor of placing redundant radio controls on a pod, and 
against placing controls on top of the pod. Results for the 
other questions were not statistically significant. This is 
the first consumer preference study to examine pod-mounted 
controls, and the results seem to indicate that consumers would 
be in favor of a move towards more such controls. 

Callahan (1986a, b, c) - (Ford Best-in-Class Survey) 
As mentioned earlier in this report, most preference 

studies carried out by the automakers themselves take the form 
of clinics, customer satisfaction surveys, and marketing 
studies. These studies are usually limited in their scope, 
examining two or three specific vehicles, or surveying present 
owners of a certain manufacturer's vehicles. This 
unfortunately limits the information available to the design 
staff in considering design changes. 

The Ford Motor Company broke away from this pattern in the 
design process for its Taurus/Sable model (Callahan, 1986a, b, 
c). (See also Ford Motor Company, 1985.) Ford spent 
considerable time and money to have its engineers and product 
planners evaluate a list of 400 customer satisfaction features 
obtained through the testing and questioning of hundreds of 
customers around the country. Features evaluated ranged from 
effort to remove the ashtray to clock readability. One can get 
a sense of the variety of items considered from Table 6, a 
sample page from the Automotive Industries article describing 
the "Best-in-Class1' or B-I-C effort. Ford then had 
multidisciplinary internal "juries" evaluate the listed 
features on current U.S., European, and Japanese models, 
compiling a "Best-in-Class" list for all 400 of the features. 
U.S. vehicles won very few classes; the Chevrolet Celebrity ( A -  
car) claiming the most with roughly 9%. European (Audi 5000) 
and Japanese (Mazda 626, Honda Accord) models placed highest, 
with these three vehicles claiming 15% - 25% of the classes. 

Table 7 shows the 39 entries related to secondary 
controls. Controls examined include the lighter, climate 
control, dimmer, hazard, headlights, high beam, ignition, 
radio, cruise control, turn signal, washer, and wiper, and 
there are two "general" entries; one for nighttime illumination 
and an overall rating for all controls. For many controls, 
three attributes are examined: accessibility/location, 
operation (travel/feel), and size/shape. 



Table 6 ,  Sample Page Describing B - I - C  E f f o r t  
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Table 7. Ford B-I-C Categories Related to Secondary Controls 

Category B-I-C Car 
All cluster & panel-mounted push buttons Mazda 626 
All cluster & panel rotary/rocker switches Accord/626 
Cigarette lighter-insert/remove/activate Accord 

Climate control detents Saab 900 
Climate control operating efforts-rotary Saab 900 
Climate control sw.-operation (trave1,feel) Saab 900 
Climate control switches-size and shape BMW 528E 

Cruise control switches access Accord 
Cruise control switches operation Ford 
Cruise control switches size and shape Accord 

Dimmer switch effort - stalk 
Emergency flasher switch 
Headlamp switch accessibility 
Headlamp switch size and shape 
Headlamp switch operation (travel, feel) 
High beam control accessibility 
High beam operation (travel, feel) 
High beam control size and shape 

Horn operating effort - non-stalk 
Ignition switch accessibility/location 
Ignition switch operation (travel/feel) 
Ignition switch size and shape 
Night time illumination of switches 

Radio control knob/push button effort 
Radio controls accessibility 
Radio controls readability 

Turn signal switch effort 
Turn signal lever operation (travel, feel) 
Turn signal lever size 
Turn signal lever accessibility 

Windshield washer control-stalk rotary 
Windshield washer control-stalk push button 

Windshield washer switch access 
Windshield washer switch operation 
Windshield wiper control-stalk push button 

Windshield wiper control-stalk rotary 
Windshield wiper dwell control-rotary 
Windshield wiper switch access 
Wiper switch operation (travel, feel) 
Windshield wiper switch size and shape 

Toyot a 
Lucas 
Senator 
Accord 
Toyota 
Senator 
Toyota 
Accord 

Cressida/Audi 5000 
Audi 5000 
Ford 
Audi 5000 
Accord 

not evaluated 
BMW 528E 
BMW 5283 

Toyota 
Starion/Toyota 
Accord 
Porsche/ 
Senator/Accord 
Maxima/Accord 
Audi 5000/ 
Cressida/Celebrity 
Mazda 626 
Ford 
Audi 5000/ 
Cressida/Celebrity 
K car/Senator 
Maxima 
Mazda 626 
Toyota/Ford 
Mazda 626 
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Ford has since used these results to make its Taurus/Sable 
model Best-in-Class in as many of the categories as possible, and 
claims to have achieved that goal with approximately 80% of the 
features. According to Ford, full 100% B-I-C accomplishment is 
not possible because some of the features block each other out. 
In future efforts Ford plans to weight features by their 
importance. (Not done in the initial application to save time.) 

The Taurus/Sable has proved to be a very successful model. 
Its success is almost certainly due to Ford's Best-In-Class 
approach, and indicates the importance of optimizing every detail 
when designing a vehicle. Such a massive collection and analysis 
of customer preference/human factors data is something the 
automotive industry has been hesitant to do in the past. It is 
likely there will be more efforts of this type in the future. It 
was reported in a recent issue of the Detroit Free Press that 
General Motors had conducted a similar project (code named Mona 
Lisa) to support the development of the new Buick Regal (Kushma, 
1987). 

Studies of preference continue to be undertaken, as seen by 
the recent Request For Quote by the BOC Advanced Design group at 
General Motors for a study of driver control location preferences 
in "pod type" (similar to the "Pontiac Fiero, Mitsubishi 
Galant"), "flat" (similar to the "Buick Park Avenue"), and "wrap- 
around" (similar to the "BMW 535, Saab 9000") instrument panels 
(General Motors Corporation, 1986). 

Green, Kerst, Ottens, Goldstein, and Adams (1987) 

The Green et al. report is the third document in the series 
supported by the Chrysler Challenge fund. In that experiment 102 
drivers were asked to select which of 255 switch designs they 
preferred for each of 24 functions. That report is being written 
in parallel with this one. Readers seeking further details 
should consult that report. 

Unpublished Studies 

In addition to the published data, it is reasonably well 
known within the industry that the domestic automakers have 
conducted what they call "clinics" to identify driver preferences 
for vehicle features. GM has probably carried out more of these 
than the other manufacturers, though Ford is beginning to 
establish an active program as well. 

Clinics are typically carried out by marketing consulting 
firms, but sometimes they can be conducted by the manufacturers 
themselves. Most of these clinics involve side-by-side 
comparisons of the competition's production vehicles and the 
manufacturer's proposed product. While the data from such 
studies can be quite valuable, emphasis on the competition's 
current products as the target can be misleading. Presumably, in 
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the time between when the data are collected and the vehicle is 
produced, the competition's products will have changed. 

Generally, four vehicles or less are examined. Issues of 
interest often include body styling, seat design, desired 
conveniences, and so forth. Sometimes, issues pertaining to 
human factors have also been addressed. Obviously, because only 
production vehicles are examined, design parameters rarely vary 
in a methodical manner. Furthermore, only preferences are 
measured, without any study of performance. 

Until the last few years, clinics were rarely used as a 
method of collecting human factors data. Previously, the 
emphasis of human factors efforts was on safety, not on 
preference or ease of use. As government regulatory effort has 
declined and sales of customer-oriented foreign vehicles have 
risen, the emphasis of human factors has shifted towards 
preferences. 

At a recent SAE Controls and Displays Subcommittee meeting, 
one such study carried out for Ford was briefly described 
(Farber, 1986). The study involved a comparison of four vehicles 
including the Pontiac 6000 and three competitive cars. The 
results reported problems in using the cruise and washer controls 
when they were located at the end of stalks. Further details 
concerning the sample size, test procedure, etc., were not 
reported, as the work was considered proprietary. 

There have been several studies that have examined driver 
preferences for controls, mostly focusing on control types, not 
location. Of the studies in the literature, two are particularly 
noteworthy. The research of Hallen provides contours of the 
maximum distance drivers prefer to reach for controls. Because 
reach preferences are based primarily on anthropometric 
considerations (joint angles and limb lengths) and driver size 
has not changed over the last 10 years, these data are still 
quite useful. They were collected at a time when safety, not 
driver comfort, was the primary concern, and to a large extent 
have been forgotten. The Hallen data, taken together with the 
evidence on preference for beam switching controls, and the 
McCallum et al. work on pods, show there is a strong driver 
preference for placing secondary controls close to the steering 
wheel. While few production instrument panels are so designed now, 
these data suggest such designs should be much more common in the 
future. 

Also quite noteworthy is the Ford B-I-C program. This 
effort provides an excellent model of how a company should go 
about determining if a vehicle is well designed for the customer. 
It also identifies the specific dimensions (e.g., accessibility, 
feel/travel, size/shape) on which controls should be evaluated. 
However, strict reliance on this method can stifle innovation as 
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evaluations focus on the the best of what is being made at any 
given time to shape future products. 

The authors do not want to go overboard in endorsing 
preference data as a guide to design decisions. Using driver 
preferences for control designs in the absence of performance 
data can be very misleading, especially if the preferences are 
based on observation of a design, not use of it. Also critical 
is the sequence of exposure to the alternatives. Research on 
visual displays has shown that drivers tend to prefer whatever 
design they saw last in a test series. (See McCormick, 1970; 
Murrell, 1969). Thus, it is not appropriate to rely solely on 
preference studies to make design decisions. 



WHAT PROBLEMS DO DRIVERS SAY 
THEY HAVE USING CONTROLS? 

Important sources of control usability information can be 
obtained by surveying drivers to find out what sorts of 
difficulties they have had locating and operating controls. 
This section combines the results of two different sources of 
information: reports of near-accidents, and somewhat more 
general problem-incidence surveys. The first type is primarily 
concerned with safety issues, while the second type, at times, 
addresses comfort and convenience questions. The use of near- 
accident and critical incident data has long been an 
established practice for addressing safety issues for aircraft 
(Fitts and Jones, 1947a,b) and road vehicles. 

Krumm's 1974 report describes the first of the general 
problem incidence surveys of control location and operation 
difficulties. Some 336 people on the Mall in Washington, D.C., 
participated in a study that involved operating various types 
of horns and then responding to a survey on controls. Problem 
incidence data for operating the horn as a function of location 
are shown in Table 8. Stalk-mounted and rim-mounted 
configurations caused problems for drivers, although the number 
of drivers who report having those types of horns is small 
(n=27). Most interesting was the connection between reports of 
problems and driver performance. "Excluding known mechanical 
problems, the percentage of "yestt responses to a question 
concerning difficulty in operating a horn control closely 
approximates the simple reaction time results of this 
experiment" (Krumm, 1974, p. 111-7). 

Table 8. Problem Incidence vs. Horn Location, (Krumm, 1974). 

Sample No. of 
Horn Location Size Problems - ( % )  

2-spoke lever 116 5 4 
360 ring 32 2 6 
center 26 3 12 
3-spoke pushbutton 14 3 21 
stalk 18 5 28 
rim 9 3 33 

total 215 21 

Krumm also carried out a survey on stalk controls. A 
total of 415 owners of foreign automobiles were interviewed, 
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primarily at colleges and community colleges in metropolitan 
Washington, D.C., and Los Angeles. Of those interviews, 392 
were partially usable. Unfortunately, the survey does not 
appear in that 1974 report, so there is some uncertainty about 
what was done. Krumm discussed in some detail the difficulties 
encountered with adding multiple controls to a single stalk. 
(See Figures 10 and 11.) However, comparative data for panel- 
mounted controls are not provided. Thus, a comparison between 
the two general locations (panel vs. stalk) is not possible 
based on this data. 

An important finding to emerge from Krumm's work is the 
importance of transmission type. Drivers had far more problems 
with stalk configurations when the vehicle had a manual 
transmission. (See Table 9.) Only cars with floor-mounted 
manual transmissions were examined, but manual shifting 
evidently increases the driver's difficulty in locating 
controls on a right-hand stalk, as well as in activating 
controls on either side. 

Table 9.Control Problems and Transmission Type 
(Configuration: Single Stalk Left, Single Stalk Right) 

Location Difficulty Activation Errors 

Stalk-> Left Right Left Right 

Manual 0.0% 9.1% 6.2% 3.0% 

Automatic 13.5% 25.9% 18.4% 19.9% 

Source: Krumm (1974) 

Finally, it should be noted that Mourant et al. (1977) re- 
analyzed a portion of the Krumm (1974) data. Eleven critical 
incidents (significant delays) were reported for finding stalk 
control locations (8 of 295 responses for the dimmer, 2 of 30 
for the horn, 1 of 95 for the wiper on/off). For stalk control 
operation, four critical incidents were reported (2 of 95 
responses for the wiper on/off, 1 of 77 for the washer and 1 of 
37 for headlights on/off) (Mourant et. al., pp. 108-109). It 
is not known whether these rates differ from those for panel- 
mounted controls. Note that these critical incidents totaled 
15 out of 988 individual responses concerning 7 different 
controls, and thus are not especially significant. 
Furthermore, when analyzed by vehicle type, there was an 
average of one incident per type, which is insignificant. 
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Locate D h u  
4ctlvate Dimmer 

r Locate 3rd Function 
r Activate 3rd Function 

0 

Locate Turn Sigrul 

A 

Reported difficulty in locating or activating* desired 
control or additional functioaa are added to stalk 
(Configuration: single stalk on l e f t  of steering c o l ~ )  

*Operating anothar control instead of or in addition to the desired control. 

F i g u r e  10, Reported Problems vs. Number of Funct ions ( S i n g l e  L e f t  S t a l k )  
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Reportd diffictlrty i a  locating or activating desired 
cantrol ftmction u a d d i t i d  functions ore added to 
stalk. (Conffguratiorr: tw sta lks  on Idt and one on 
right of column). 

F i g u r e  11, Repor ted Problems vs.  Number of F u n c t i o n s  
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Anacapa Sciences (1974, 1976) 

Two surveys of driver-reported problems with controls are 
reported in Anacapa Sciences (1974). (See also Anacapa 
Sciences (1976).) In the first, 1,140 motorists were 
interviewed at gas stations, California Highway Patrol 
inspection sites, roadside rest areas, and shopping centers 
about their own cars. Drivers identified which of 20 controls 
their cars had, how often they were used, and what problems 
they had locating and operating controls. 

In the second, occurring at about the same time, 
approximately 1,900 similar questionnaires were distributed to 
drivers renting cars at Los Angeles International Airport. The 
response form used was similar to the previous experiment 
except that replies were to be mailed back. Of the 
questionnaires, 342 (18%) were returned, which is not an 
especially good response rate. 

These two data sets were collected to get a sense of what 
the benefits from standardization might be. If a car was well 
designed, then the rate at which first time renters reported 
problems would be identical to what drivers report for their 
own cars. Unfortunately the comparison was between groups, not 
within subjects and the low return rate may reflect differences 
in the two samples. Nonetheless, data on the incidence of 
control locating problems between the two sets of respondents 
is shown in Figure 12. As expected the incidence rate for own- 
car drivers was lower than that for renters though the patterns 
of the two data sets were similar. The largest differences 
between own-car and rental-car drivers occurred with the vent 
and horn controls. Survey comments indicated that "many of 
these problems stemmed from unexpected configurations or 
appearances of these controls" (Anacapa, 1976, p. 9). 

Tables 10 and 11 show these data in greater detail along 
with the data on operating problems, and Table 12 identifies 
the particular controls causing those problems for the own-car 
drivers. Fairly common were problems with,the climate controls 
(in locating and operating individual switches, not the unit). 
Of the rental-car drivers, 9% to 10% experienced difficulties 
in locating the cigarette lighter, headlight dimmer, and 
parking brake, and the dimmer control. The dimmer was most 
often a problem when it was floor-mounted, even in the own-car 
case. When these data were collected, people were only mildly 
impressed by it, since the emphasis at the time was on safety. 
Given the current interest in ease-of-use, data of this type 
has much greater impact. 
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TABLE 10 
CONTROL LOCATING AND OPERATING PROBLEI.1 INCIDENCE RATES (.OWN-CAR DRIVERS) 

*% mtea based on availability of  the control. 
**% rates based on use o f  tho control. 

CONTROL: 

WIPER 
USHER 

HORN 
TURO SIGML 

HEADLI GtiT 
D IMER 

HAZARD FLASHER 
CLIMATE CONTROLS 

VENTS 
RADIO 

PARKING BRAKE 
LIGHTER 

ODOMETER RESET 
MIRROR ADJUSTMENT 

WINDOW 
TAPE DECK 

IGNITION/STARTER 
DOOR 

SHIFT LEVER 
STEERING WHEEL 

1 

OWNERSHIP PERIOD* CURRENT TRIP* 

LOCATING OPERATING LOCATING OPERATING 
PROBLEMS PROBLEMS PROBLEMS PROBLEMS 

10.1 7.3 1 .8 16.0 
8.6 9.9 5.1 11.1 
9.8 12.6 1.9 10.3 
2.1 7.4 .. 5 3.1 
6.9 3.5 .6 3.4 

15.2 7.0 8.0 8.8 
11 .O 5.5 2.0 5.9 
13.0. 21.4 2.8 7.8 
17.7 15.5 5.1 8.1 

5.1 8 -1 1 .O 1.7 
3.4 7.3 1 .I 1,. 9 
6.8 6.6 2.7 6.8 
5.7 3.8 3.3 3.3 
3.0 12.3 . . 5  10.6 
2.3 10.2 .6 4.9 
5.0 6.5 --- 9.6 
7.1 5.4 . 3  .7 
3.5 5.5 . 4  1.4 
1.5 8.5 .5 1.9 --- --- --- --- 
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TABLE 11 
CONTROL LOCATING AND OPERATING .PROBLEM INCIDENCE RATES (RENTAL-CAR DRIVERS) 

CURRENT T R I P  A L L  RENTERS* F I R S T - T I M E  RENTERS* I (N.342) (1.1~342)  (N.184) 

LOCATING OPERAT I NG LOCATING OPERATING 
CONTROL : X USE P R O B L M S  PROBLEMS PROBLEfllS PROBLEMS 

WIPER 
WASHER 

HORN 
TURN SIGNAL 

HEADLIGHT 
DIMMER 

HAZARD FLASHER 
CLIMATE CONTROLS 

VENTS 
RADIO 

PARKING BRAKE 
L IGKTER 

ODOMETER RESET 
MIRROR ADJUSTMENT 

WINDOW 
IGNIT ION/STARTER 

DOOR 
S H I F T  LEVER 

SEAT BELTS 
SHOULDER HARNESS 

'X r a t e s  based on use of the control. 



TABLE 12, LOCATING AND OPERATING D I F F I C U L T I E S  AS A FUNCTION OF CONTROL CONFIGURATION (OWNERSHIP PERIOD) 

WIPER WASHER HORN 



TABLE 12, LOCATING AND OPERATING D I F F I C U L T I E S  AS A FUNCTION OF CONTROL CONFIGURATION (OWNERSHIP PERIOD) ( C ~ N T .  ) 

TURN SIGNAL HEADLAMP DIMMER 



TABLE 12, LOCATING AND OPERATING DIFFICULT1 ES AS A FUNCTION OF CONTROL CONFIGURATION (OWNERSHIP PERIOD) (CONT. ) 

FLASHER CLIMATE CONTROLS VENTS 
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TABLE 1 2, LOCATING AND OPERATING D I F F I C U L T I E S  AS A FUNCJIOFI OF CONTROL CONFIGURATION (OWNERSHIP PERIOD) (CONT. ) 

ODOMETER RESET 
--- 

MIRROR ADJUSTMENT W 1 NDOW 



TABLE 1 2, LOCATING AND OPERATING DIFFICULTIES AS A FUNCTTO N OF CONTROL CONFIGURATION (OWNERSHIP PERIOD) (CONT. ) 

TAPE DECK IGN ITION/STARTER DOOR 
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While one of the briefest reports reviewed (14 pages 
including the abstract), the impact of this document is 
considerable. Perel analyzed a computer search of police 
reports narratives describing accidents in North Carolina. 
That database was maintained by the University of North 
Carolina Highway Safety Research Center, and is designed to be 
searched using keywords. 

The database included 95,879 narratives for 1974 and 
19,017 for 1975. Perel looked at problems related to four 
aspects of vehicle design: foot controls (62 reports ignoring 
mechanical problems), hand controls (78), visibility (69), and 
lighting (104). Some of the keywords pertaining to hand 
controls used in the search include wiper, washer, fan, 
defroster, and so forth. The narratives are fairly specific in 
describing the problems. For example: 

"Veh [vehicle] 1 was trv [traveling] on Franklin St 
and [the driver] reached over to adjust the radio 
and veered to the rt [right] and hit V2 [vehicle 21 
which was parked." (Perel, 1976, p. 5) 

Shown in Table 13 is Perel's summary of hand controls 
problems. Notice that Perel's classification scheme (and hence 
the totals) can be a bit misleading. For example, 28 of the 
reports for hand controls relate to the horn not being heard by 
other drivers. For the controls listed, reports of problems 
concerning the entertainment unit and the horn were most 
numerous. In most instances, the problem was that operating a 
control distracted the driver. There are few instances 
reported where a control was not operated quickly enough (e.g., 
honking a horn, operating the wiper to remove material splashed 
on, etc. ) 

Despite these problems and the age of the data (11 years 
old), they are still worth looking at carefully. Research 
sponsors are strongly encouraged to support a new look at the 
data accumulated since Perel's examination of it. 

Burger, Smith, Queen, and Slack (1977) 

Burger, Smith, Queen, and Slack (19'77) studied the 
relationship between vehicle design and accidents using a 
questionnaire. Problem areas investigated in the report 
included vision, steering, braking, shifting, seating, and 
controls. Drivers were asked to what degree aspects of those 
factors had been associated with accidents (no problem, 
annoying, potential danger, close call, caused accident). This 
data was collected because previous research had shown a strong 
correlation between reports of "close calls" for various 
conditions and accidents. 
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Table 13, Hand Control Problems Reported by Perel (1976) 

Control # Times 
(1975 file) 

Problem 

Heater 3 Distracted from driving while adjusting 
or turning on heater 

Radio 6 Distracted from driving while adjusting 
radio 

Tape 7 Distracted while changing tape or 
adjusting controls on tape player 

Horn 3 Another car's horn distracted driver 
6 Did not blow horn while passing 
6 The horn was sounded as a warning and was 

heard but collision took place anyway 
28 The horn was sounded as a warning but it 

apparently was not heard 
(1974 file) 

Air Cond 3 Distracted from driving while turning on 
or adjusting air conditioner 

Lighter 2 Distracted by dropped lighter 
Ashtray 2 Distracted while using ashtray 
Defroster 4 Distracted while operating defroster 
Wiper 6 Distracted while operating wipers -- 

78 

Questionnaires were mailed to 9,966 drivers in New 
Hampshire and California. The 3,478 returns cited 1,691 
accidents or near-accidents, some of which indicated 
driver/vehicle incompatibilities. The number of problems 
associated with finding and using controls is somewhat less 
than those for other factors, as can be seen in Table 14. It 
was greater than those allegedly due to alcohol and drugs 
(which may be a reporting problem), and lies in the middle of 
the range of factors associated with vehicles. Frequency data 
on reported problems for several controls as a function of the 
degree of risk is shown in Table 15. 

Given the current interest in making cars easy to use, the 
data in the "potentially annoying" column are particularly 
interesting. Notice that there are a fair number of instances 
where more than 10% of those responding could be annoyed by a 
control design. In general, drivers reported that there were 
more problems with finding controls than with operating them, 
and less with reaching for them. Most numerous were complaints 
about finding (15%) and operating (13%) the climate controls, 
finding (14%) and operating (12%) the defogger/de-icer, and 
finding the dimmer (12%). While problems with the horn are 
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Table 14  . Factors Contributing to Near Accidents Reported by Burger et  a1 . (1977) 

Extent of Contribution 

Played Contributed Contributed 
Factor . No Part Somewhat Greatly 

Vehicle 

Poor Vision ....................................... 2 196 ................. 692 ................. 261 
Steering or braking 
dlficulties ......................................... 2738 ............. 271 ................... 83 
Gear shift difficu!ties ........................ 2989 ................... 83 ..................... 8 

................. Finding and using controls ................ 2792 ............ 0e.e.246 126 
Visibility of other vehicles. 

................. ,.....,....,.. pedestrians, signs. etc ....................... 1777 974 s..266 

Driver . 
Fatigue .............................................. 2045 ............ 883 ............ 1 9 0  
AlcohoVDrugs ................................... 2788 ................ 176 ................... 81  
Disregarding driving rules ................. 2584 .............. e.e410sa0ee .............. 72 
Inattention ...................................... 1 9 0 0  ............... 1014 ............... -212 
Lack of driving skills ........................ 2899 ....... ..... 125 ................... 26 

Environment 

Darkness ......................................... 1 8 7 6  ............... ..998 ...... .. .... 1 9 7  
Rain/snow/ice ................................. ... 1366 ............... 1260 ................. 472 
Fog ................................................... 1521 ............... 1247 ................. 309 

............... ................. Sun glare ......................................... 1617 1211 252 

Roadwav 

Poor signs 
(locationlreadibility) .......................... 1630 ............... 1 144 ................. 294 
Poor road conditions .......................... 1753 ................. 999 ................. 285 
Poor street markings ........................ 1638 ............... 1084 ................. 283 
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Table 15 . Problems of Finding, Reaching, and Operating Controls. Reported by Burger et al. 
(1977) 

Extent of Difficulty 

No Potential Close Caused 
Control Activity Problem Annoying Danger Call Accident - 
Headlights Find 3219 184 2 0 3 0 

Reach 3378 52 10 0 0 
Opemte 3332 66 2 1 2 0 

Climate Controls Find 2722 53 1 34 0 2 
Reach 2995 30 1 3 1 0 1 
Opemte 2794 458 5 1 3 1 

Headlight Dimmer Find 2926 407 78 2 2 
Reach 3073 269 57 0 0 
Opemte 3019 284 83 5 0 

Window Washer Find 3033 321 53 5 0 
or Wiper Reach 3223 159 2 4 1 0 

Opemte 3056 267 58 6 0 

Defoggerme-Icer Find 2801 490 59 6 1 
Reach 3016 293 45 2 1 
Opemte 2814 418 93 8 1 

Hazard Flasher Find 2905 378 48 3 0 
Reach 3 146 183 19 2 0 
Opemte 3059 2 16 43 3 0 

Find 3052 277 74 16 1 
Reach 3253 125 3 3 5 1 
opemte 3101 208 76 11 2 

Radio, Ashtray, Find 2879 478 78 2 0 
Lighter, Vent, Reach 3253 387 92 8 0 
Mirror, Interior Opemte 2973 390 53 2 0 
Lights, Dash Lights, 
and Turn Signal 
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fewer in number, the horn must be used quickly in an emergency, 
so those problems are of concern. There are far more reports 
that the horn was associated with a near accident (close call) 
than any other control. Also note that while the numbers are 
small, there are reports that the design of a control caused an 
accident. 

Burger, Smith, Queen, and Slack (1977) paid special 
attention to the relationship between the number of 
functions/stalks and reports of finding, reaching, and 
operating problems. As shown in Figure 13, reported 
difficulties rapidly increased as the number of 
functions/stalks goes from 2 to 3. In particular, there were 
difficulties with the horn in the '71 '72, and '76 Capri, 
which represented 3 of the 14 three function/stalk vehicles. 

Since Krumm (1974) found that there were difficulties in 
locating horn controls (discussed earlier), problems with 
finding and operating the horn were given special attention by 
Burger et al. (1977). (See Table 16.) The data indicate that 
drivers experienced more difficulty in operating stalk-mounted 
horns than other designs, but fewer problems in finding it. 
The reader should keep in mind the operating problems are based 
upon responses from only 30 people, 5 of which reported some 
degree of difficulty. 

Finally, for each of the controls examined, the report 
also identified which vehicles had the most and the fewest 
reports of problems. Why particular vehicles fared well or 
poorly was not considered in detail. 

Mourant, Moussa-Hamouda, and Howard (1977) 

Mourant, Moussa-Hamouda, and Howard (1977) carried out an 
extensive study of stalk-mounted controls, cataloguing existing 
configurations, collecting problems associated with their use, 
and performing a laboratory evaluation of five configurations. 
(That evaluation is described later in the section entitled 
"What Do The Performance Data Show.") In their problem survey, 
405 drivers were interviewed while sitting in their own cars 
(31 different makes). The sample was fairly representative of 
the population by sex, but not by age, as it included a large 
number of younger individuals. 

The survey results are reproduced in Tables 17 and 18. 
The first table describes wiper on/off and wiper speed control 
problems, and the second washer control problems. Note that 
right-hand stalks caused more difficulty than left-hand stalks, 
and that a hand switch activated by pushing in on the end of 
the column caused the greatest number of operating 
difficulties. Mourant et al. (1977) concluded that if 
functions are to be stalk-mounted, they should be added to 
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1 = no p rob lem 
2 annoying 
3 = po ten t i a l  danger 
4 = c lose c a l l  

Number o f  Funct ions on S t a l k  Con t ro ls  

5 = caused acc ident  - n 

F igure  13. Con t ro l  Prob lems vs. Number o f  Funct ions p e r  S t a l k  
Reported i n  Burger, Smi th ,  Queen and S lack ( 1  979). 
Revised i n  Green ( 1  979). 
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existing stalks, as opposed to having additional stalks 
installed, since multiple stalks led to greater confusion among 
drivers. Other conclusions drawn include: ( a )  labeling 
decreases reported problems (but not by a statistically 
significant amount.), and (b) there was no interaction between 
any of the driver characteristics (driving experience, sex, 
mileage, hand size, etc.) and reported problems. 

The Mourant et al. study contains considerable detail 
regarding reported difficulty with various switch types and 
stalk location configurations for each function. It correctly 
notes, however, that drawing conclusions about a particular 
switch design based upon these data is difficult. While the 
total number of problems reported is large, the number 
attributable to any individual combination is small. For 
example, three vehicles with "1 Left, 1 Right" stalk 
configurations had a hand switch that, when pushed in, turned 
on the wiper. The driver of one of these three vehicles 
reported a problem finding that control, thus yielding a 33% 
complaint rate. Obviously, such a figure is meaningless, and 
only for flash-to-pass (optical horn) control are there samples 
of any respectable size (n=79), and in those cases the 
differences between designs are slight. 

Treat et al. c1979) (Tri-Level Study) 

Unlike the focused work of Perel (1976), the work of 
Treat, Tumbus, McDonald, Shinar, Hume, Mayer, Stansifer, and 
Castellan (1979) provides a broad overview of accidents and 
their causes. Data were collected at three levels. Police 
reports and other data were collected for accidents in the 
Monroe County, Indiana, area. To get more in-depth 
information, teams of investigators carried out on-site 
investigations of 2,258 accidents shortly after they occurred. 
Finally, 420 of these accidents were independently examined by 
a multidisciplinary team. 

Human factors were cited by the in-depth team as probable 
causes of almost 93% of the accidents. (Environmental factors 
were probable causes in 34% and vehicle factors in 13%.) In 
their usage, human factors includes recognition errors 
(including both perception and comprehension problems), 
decision errors, performance errors (problems in executing 
correct decisions) and "critical non-performancesw (e.g., 
falling asleep or blacking out). Hence, their use of the term 
is quite different from the way it is used in the rest of this 
review. In their analysis, human"factors engineering problems 
are classified as vehicle factors. Shown in Table 19 is a 
summary of the causal factors associated with seating and 
controls. Notice that the numbers are fairly low, much lower 
than many other factors. For example, 34 accidents in the on- 
site investigations were certainly due to a gross failure of 
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Table 28. Problems o f  Finding and Operating Washer Control. 
Reported by Mourant et  a1. (1977). 
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18.2 
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the brake system, and 15 were certainly due to a vehicular view 
obstruction. 

Table 19. Causal Involvement of Vehicle Factors in Treat et al. 
(1979), p.21 

-------------- probability --------------- 
Certain Probable Possible 

( h i g h e s t  l e v e l )  ( i n c l u d e s  c e r t a i n )  ( i n c l .  c e r t a i n  & probable) 

Vehic le  Problem o n - s i t e  in-depth o n - s i t e  in-depth o n - s i t e  in-depth 
------- -------- ------- -------- ------- -------- 
n % n % n % n % n % n % 

Driver Seat ing  

& Controls  3 .1 0 0 3 .1 1 . 2  11 . 5  3 7 

Driver C t r l s  3  .1 0 0 3 . 1  1 .2 10 .4 3 . 7  

Anthropometry 0 0 0 0 0 0 0 0 1 0  0 0 

A l l  Veh Probs 92 4 . 1  19 4 . 5  205 9 . 1  53 1 2 . 6  33314.7 106 2 5 . 2  

Using these data, Treat and Romberg (1977) examined the 
potential reductions in accident frequency and severity from El 
vehicle design changes (improved wet-traction tires, rapid 
window defrost system, etc.). Possible benefits ranged from a 
low of .5% (two accidents out of 420) for "standardization of 
driver controls," to a high of 8.8% (37 accidents) for 
"improved brake lights." They did not believe the gains from 
standardization would be very large. 

Summary 

Most accident data bases do not code information regarding 
the use of controls. Even where the data does exist, 
information about control use is often lost because drivers are 
unable to report what they were doing just before the crash 
(i.e., they forget, they're dead). It is likely that problems 
associated with controls are under-reported. Nonetheless, 
there are three specific studies in the literature (Perel, 
1976; Burger et al., 1977; Treat et al., 1979) that have 
identified incidents where the use of controls has been 
associated with accidents. The number of incidents is not very 
high. For the most part the evidence suggests the problem is 
one of use of the control distracting the driver from paying 
attention to the road ahead. 

 he literature also indicates there is a good relationship 
between reports of problems, near-accidents, and accidents. 
Where problem reports have been collected, there seems to be 
good agreement between studies (e.g., Anacapa, 1976 with Burger 
et al., 1977). Because there are far more near accidents than 
accidents, one would expect the literature to offer a clearer 
picture of those aspects of control design that minimize risk 
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to the driver. Unfortunately, that question often has not been 
examined, and where it has, the number of relevant cases is 
small. 

There are, however, a few conclusions about design that do 
emerge from the literature. Drivers reported approximately the 
same number of problems with multifunction stalk controls as 
with panel-mounted controls. Most control use problems (both 
stalk- and panel-mounted) were associated with locating and 
activating them, as opposed to reaching for them. In addition, 
adding multiple functions to stalks increased the difficulty 
associated with operating them. For example, Krumm (1974) 
shows drivers reporting difficulties rising from 6% on a 1- 
function stalk to 32% on a 3-function stalk. However, the 
trade-off ratio between adding controls to stalks and adding 
stalks is unknown, since Krumm also noted fewer reported 
difficulties as more functions were added with multiple stalks. 

Horn controls should be mounted on the steering wheel 
spokes or hub (6.3% and 4.3% errors according to Krumm, 1974), 
not in the rim (33.3% errors) or on a stalk (27.7%). Finally, 
many drivers experienced difficulties with stalk-mounted 
wiper/washer controls, either in comparison with panel- 
mountings (Krumm (1974) or between different stalk types 
(Mourant et al., 1977). 

Several studies have also found relatively high problem 
incidence rates for the climate control, in particular for 
operating it. While the Anacapa work shows which control types 
led to the fewest problems, the numbers available are the raw 
report totals, not the report rates. (Problems for many 
designs are reported more often because more cars have that 
design, not because they are relatively more difficult to use.) 

While problem surveys can be a valuable source of 
information, they are a retrospective approach yielding 
information only about the past. Furthermore, the accuracy of 
problem surveys is based on driver recall, which may be 
susceptible to error. However, the data are easy to collect 
and help sensitize engineers to the problems which customers 
experience. 
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WHAT DO THE DRIVER PERFORMANCE 
DATA SHOW? 

One of the most effective methods for assessing 
alternative control designs is to have actual drivers use the 
controls in question. Of the many studies included in this 
section, about half of them were undertaken over a five-year 
period in the mid-1970's. The emphasis of these studies is on 
comparing specific alternative designs, not on developing 
predictive models or validating human performance theories. 
Most studies are concerned with the entire instrument panel and 
typically about eight controls, and examine performance with 
designs found in cars in production at the time. A few studies 
have dealt with a limited set of functions, either those on a 
single stalk, or more recently, tripcomputers, 

Performance is typically measured by response time, but 
other measures such as error rates, glance durations, and 
tracking error have been used as well. Usually the studies 
concern work carried out in the laboratory using a simple buck, 
but quite a few have been done on the road. The use of high 
fidelity driving simulators is rare. 

Malone, Kru~mn, Shenk, and Kao (1972) 

The first performance study reported in the open 
literature is commonly referred to as Essex '72 after its 
corporate author. Appendix C of that study describes 
experiments concerning learning the location of controls on 
various instrument panel configurations, and discusses the 
methodology involved in performing such experiments. Trucks 
and buses were also studied, but discussion here will be 
confined to automobiles. It sho.uld be noted, however, that the 
other experiments indicated that there was some value in 
designing truck and bus controls to have layouts similar to 
those of automobiles. 

Malone et al. conducted several small preliminary 
experiments to answer methodological questions. In all 
experiments, each of the 20 controls and displays of interest 
was responded to five times. Also, in each case drivers were 
verbally cued to operate controls and response time was 
manually recorded, 

In the first experiment, either an unfamiliar car ('71 
Oldsmobile Delta 88) or a person's own car was driven around a 
test track. Two groups of subjects were used; one group of 
four did the experiment at night, another ten did the 
experiment during the day. In the night condition, panel 
illumination was set at normal levels. As shown in Table 20, 
there were no statistically significant differences between day 
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and night conditions, though drivers clearly did better in 
their own cars. 

Table 20, Day vs. Night Comparison in Essex Study 

Group/Condition 
Vehicle Measure Day Night 

unfamiliar RT (sec) 3.39 3.82 
car Errors (#/S) 1.96 1.56 

familiar RT (sec) 1.25 1.31 
(own) car Errors (#/S) 1.25 1.31 

In a second experiment conducted several weeks after the 
first, four people reached for several controls in their own 
car while it was stationary. Differences in reaction time 
between that condition and when they drove their own car on the 
test track were small. (Statistical tests are not provided.) 
The results of this experiment are used to argue in favor of 
static testing. 

In another condition, an unspecified number of drivers 
from two groups (large-car drivers, small-car drivers) reached 
for controls in a small car (1971 Volkswagen Beetle). There 
were no statistically significant differences in performance 
between the two groups, suggesting that the size of the panel 
one is familiar with has no effect on performance. Both the 
Beetle and the Delta 88 (used in previous tests) had instrument 
panels that tended to be different (had low control commonality 
indices) from other cars on the market at the time. 

The final preliminary experiment concerned the effect of 
the test order on performance. Five people were tested in the 
Volkswagen, then their own cars. Another five were tested 
first in the Oldsmobile, then their own cars. Ten were tested 
only in their own cars. Prior testing in unfamiliar cars had 
no statistically significant effect on subsequent driver 
performance in their own cars. There was, however, a large and 
statistically significant difference due to familiarity. First 
trial responses averaged 4.29 seconds in unfamiliar cars but 
only 1.42 seconds in familiar cars. Differences in the number 
of errors were not found. 

Finally, for all conditions, MaPsne et aP. report that 
performance appeared to level off at about five trials, but 
since only five responses were obtained for each control, it is 
hard to say if that is true. 

Two months after this series of experiments, participants 
from those studies responded to instrument panels designed by 
Man Factors and Essex. (Those panels are described in the 
section on human factors methods.) All tests were conducted 
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using mockups in the laboratory while drivers apparently 
performed an unspecified activity that had demands resembling 
those of steering ( "simulated perceptual load" ) . There is also 
a reference to day and night conditions (which did not affect 
performance). Shown in Figure 14 are the mean response times 
for the first trial for each control (and display) tested for 
all four instrument panels. 

With regard to overall differences in panel design, 
response time differences between the "human-engineered" panels 
and the panels in drivers' own cars were small. (See Figure 
15.) 

However, as noted before, drivers did much worse in 
responding to unfamiliar panels. The evidence has been used to 
argue in favor of following human factors principles when 
designing automobile instrument panels. In brief, a "human 
engineered" instrument panel that a driver has never used 
before is about as easy to use as one a driver has had 
extensive experience with (one from their own car). 

Appendix D of Malone et al. describes another experiment 
concerned with evaluating alternative three-beam headlight 
switch designs. (See also Kao, Malone, and Krumm, 1972.) 
Figure 16 shows the four designs evaluated. Six drivers were 
tested in a crude vehicle mockup. In front of them were a 
column of three lights, each of which served as a signal to the 
driver to switch the headlights to a different setting (low, 
medium, high). Each beam setting was responded to 12 times. 
Another three lights, arranged in a row, signaled which way the 
driver was to turn the steering wheel. 

There were no differences between conditions in simulated 
steering performance. As shown in Figure 16, there were 
statistically significant differences in beam switching times, 
with times being shortest for the spoke button design. 

Middendorf, Dineen, and Hapsburg (1974) 

Headlight switching between high and low beams was 
compared in a series of experiments carried out by Middendorf, 
Dineen, and Hapsburg (1974). The first one, involving 32 
General Motors employees, examined three different designs, two 
column-mounted (pull/pull and pull (high)/push (low)), and one 
floor-mounted. Drivers were signaled by slides when to 
activate controls, and the response times from the signal to 
activation were collected electronically. Some drivers were 
allowed to practice operating the different designs before the 
test, while others were not. After practice, response times 
were 1.22 seconds for the foot switch and 1.06 (pull/pull) and 
1.14 (pull/push) seconds for the column switches. 
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Figurr 15, Comparisons of  four automobile 
panah in t e r n  of "leamability" 
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In a second experiment using the same protocol, 32 General 
Motors employees and 32 other drivers were tested operating 
three types of beam-switching systems. The results (see Table 
21) showed no differences between designs or subject samples. 

Table 21. Response Times for Three-Beam Switching Systems 

Response Time (seconds) 
GM Texas 

Design Workers Drivers Method of Operation 
(n=32) (n=64) ......................................................... 

Column Stalk 1.21 1.20 Pull toward for low, 
intermediate, high 

Delta Stalk 1.21 1.20 Toward panel = low, 
toward ceiling = middle 
toward driver = high 

Panel Stalk 1.24 1.14 Push up for low, 
intermediate, high 

The static procedure of Malone, Krumm, Shenk, and Kao 
(1972) was repeated by Krumm (1974) to assess the effect of 
airbags on vehicle design. Since airbags might be installed in 
the steering wheel hub where the horn was usually located, 
there was interest in how long it would take to honk the horn 
when it wasn't on the hub. "Multiple choice" response times 
were collected for operating the horn (amber signal light), the 
foot brake (red light) and the headlight dimmer (white light). 
Each of the six cars chosen had the horn in a different 
location. In the experiment, 336 drivers (American adults) 
were told to honk the horn once to obtain a "simple" reaction 
time. Then four "choice" response times were obtained where 
drivers were told to honk while steering in response to signal 
lights. 

Drivers initially experienced a significant amount of 
difficulty with rim-blow and stalk-mounted horns, difficulty 
which persisted with the stalk-mounted horns. (See Table 22.) 
The average simple RT for the rim-mounted horn (in an 
Oldsmobile) was 29 seconds and response times to stalk-mounted 
horns was 10 seconds! In real driving, the actual means for 
these designs, especially the rim-blow horn, would have been 
much larger. Drivers were only given 30 seconds to respond. 
When they did not respond within that time, 30 seconds was 
recorded as the response time. Since the horn is often used to 
warn drivers of an immediate danger, this is an extremely 
hazardous design for American drivers. It is likely that these 
results could be duplicated today with American drivers, since 
there have been few changes in horn location since 1974. 
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Table 22. Time to Sound a Horn (from Krumm, 1974). 

Mean Response Time 
( seconds ) 

Control Type - Car Initial Choice 

360 Ring Taunus .41 1.64 
2-spoke lever Olds Cutlass .44 1.29 
center Fiat 124 .62 1.65 
3-spoke pushbutton BMW 202 1.96 1.86 
stalk Austin Marina 9.60 2.07 
rim Oldsmobile 98 29.00 1.61 

Kuechenmeister (1974) 

To evaluate a Mercedes-Benz multifunction stalk control, 
Kuechenmeister (1974) tested 30 General Motors employees. The 
stalk control was mounted in a 1972 Chevrolet wagon. Stopwatch 
times were recorded from when drivers were told to operate a 
control until their hands returned to the wheel, as well as 
driver errors. Two fixed sequences were used, one for practice 
and one for test trials. Generally, after about three blocks 
of 15 responses, most of the employees operated the control 
unit without error, and any further decreases in response time 
with practice were negligible. Table 23 shows where 
significant differences occurred. Because of its complexity, 
that table requires some explanation. For example, in the 
initial trial with no formal practice (first column), there 
were significant operating conflicts when the headlight on/off 
switch was a fore/aft lever. Specifically, the conflicts 
occurred when switching the headlights to low with the dimmer 
control. Notice the lack of significant differences by the 
third trial, indicating that differences between operations, 
functions, and switch types tend to disappear with practice, 
though at different rates. 

The weakness of the Kuechenmeister study is that only one 
control configuration was studied. To draw meaningful 
conclusions with respect to alternative configurations of 
controls, more than one should be tested. Further, the rapid 
decrease in differences with practice is also expected, given 
the focus on a limited number of items which people had to 
learn. 

Anacapa Sciences (1974, 1976) 

Anacapa (1976) argued that if the location of controls is 
standardized, locations should be no more specific than the 
extent to which drivers can recall them. They had 28 drivers 
at a roadside rest area select which of three sketches most 
closely resembled the instrument panel configuration in their 
vehicle. Drivers then marked on the sketch where seven 
controls were located. Shown in Table 24 is a summary of the 



- WHAT DO THE DRIVER PERFORMANCE DATA SHOW? - 

Table 23,  Res~onse Time for Operating a Stalk Control 
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RigM Turn 
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recall data for six of the controls. (Data for the horn are 
not included in the section of the Anacapa (1974) report where 
the results for this experiment appear.) Three to four inch 
recall errors were typical for all the controls, with few 
differences between individual controls. (Readers interested 
in further details should consult Appendix B.) 

Table 24. Control Location Recall Errors 

# # 
Control Accurate Inaccurate Missing "Typical" Maximum 

(+ / -  . 5  Data Error Error 
inch) (in) (in) ............................................................ 

Headlights 0 28 0 3 13 
Wiper 4 24 0 2 17 
Washer 3 23 2 3 17 
Defroster 3 24 1 6 18 
Ignition 18 10 0 5 9 
Flasher 14 12 2 4 9 

In a portion of the study addressing control location 
performance, 24 U.S. drivers were shown slides of instrument 
panels from 30 different cars (24 domestic and foreign 1973 
model-year vehicles, 6 older models) and the driver's own car. 
Each driver was tested on all 30 panels (as well as the 
driver's own panel) twice, with panels displayed in random 
order. The driver was told which control he or she would be 
looking for, and then shown a slide of an instrument panel 
(projected at full size approximately 24 inches from the 
driver). The driver was timed from when the slide was 
displayed until the control was touched on the screen. 

The cumulative response times from this large experiment 
are shown in Figure 17. Cumulative response times are a good 
method of reporting data, since they solve the problem of 
reporting an average when some response times are unusually 
long. Notice that the functions are well-behaved. With the 
exception of the potentially spurious brief responses for the 
flasher, none of the distributions cross each other. Speed and 
accuracy of response varied considerably between controls. In 
this test, the order of difficulty from easiest to hardest to 
locate was (1) radio, (2) ignition switch, (3) climate control 
unit, (4) headlight switch, (5) wiper switch, (6) cigarette 
lighter, (7) hazard switch, and (8) vent control. Anacapa 
Sciences (1974) noted that controls that fared poorly in this 
experiment (long response times, high error rates) were the 
same controls that people reported they had problems with in 
the survey of rental and own-car drivers (described earlier). 
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There was little difference between sexes regarding 
control locating ability, but Figures 18 and 19 show that older 
drivers were slower to respond and more likely to make mistakes 
than younger ones. More importantly, they nicely illustrate 
the high correlation (r=.85) between response time and error 
rate. This is relevant because some have argued that only 
errors, and not response times, should be collected in studies 
of controls. These data argue that response time is a useful 
surrogate measure for errors, as do the Malone et al. (1972) 
data. 

There was also a strong correlation (r=.54) of both 
response times and errors with expectancy patterns from 
previous studies. Finally, error rates tripled when labels 
were covered on the controls. Anacapa (1976) reports ( p .  21): 
"In short, when confronted with an unfamiliar instrument panel, 
the drivers apparently relied heavily on the labels for finding 
and identifying many controls, and the adequacy of the 
labelling system had a powerful effect on their performance." 
Thus, it is essential that the label be considered as an 
integral part of the control in question. 

To validate the laboratory procedure, 12 U.S. drivers 
located ten controls while driving. Drivers were assigned to 
groups based on the similarity between the control 
configuration on their own car and one of three general 
configurations (based on the arrangement of four controls: 
headlight switch, wiper switch, radio, and climate controls). 
The test cars were a 1974 Pontiac Catalina, a 1974 Ford Torino, 
and each driver's own car. All tests were run on a test course 
consisting of two miles of a winding two-lane rural road. 
Except for the activation of the horn, drivers were asked only 
to touch each control as called out by the experimenter, and 
each control was responded to five times in each vehicle with 
times collected manually. 

In general, performance in the driver's own car was best, 
followed by the Pontiac (high-expectancy test car) and the 
Torino (low-expectancy test car). The response times and error 
rates for the road tests of the Pontiac and Torino "were in 
reasonably good agreement" (Anacapa, 1974, p . 3 )  with the lab 
data. Response times and error rates were both greater in the 
laboratory tests than the road tests, however, probably due to 
some effect resulting from the instrument panel being a slide 
projection, as opposed to an actual panel. (See Table 25.) In 
most cases, performance leveled out after one or two blocks of 
trials, and in general, response times for panel-mounted 
controls were less than those for stalk controls. (See Figures 
20 to 30. ) 
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ERROR RATE 
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Figure 1 9 ,  Errors Made in Locating Controls by Age and Sex 
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Table 25, Comparison o f  Lab and Road Test.Resu1ts 

Anacapa Sciences (1974) 

CONTROL 
FUNCTION: 

HEADLAMP 

LIGHTER 

IGNITION 

U l  PCR 

FLASHER 

RADIO 

CL MATE 
CONTROLS 

VENT 

FORD TORINO 
T 

PONTIAC CATALINA 

ERROR RATE 
PHOTO ROAD 

. 00 . 00 

-37 -00 

-04 .OO 

-00 .OO 

'25 *08 

-00 -00 

-00 . 00 

-00 TESTED 

MEAN TIME 
PHOTO ROAD 

1.7 1.9 

12.1 6.7 

2.3 1.4 

3.1 2.9 

10.8 10.7 

1.3 1.5 

2.9 1.7 
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ERROR RATE 
PHOTO ROAD 
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. 00 -00 
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For the individual controls, one concludes the following: 

1. Headlight (Fig. 20, 21)-- Performance was especially poor 
when this switch was located on a pod or a stalk, or in any 
unusual location in that area, such as under the panel. 

2. Wiper (Fig. 22, 23)-- This control was found most quickly 
and accurately when located on the left panel (below and 
inboard of headlamp switch.) Poorest performance was obtained 
for locations on pod or stalk. 

3. Hazard Switch (Fig. 24)-- This was found most quickly and 
accurately when it was located in the same place in the test 
car as in the driver's own car. In cases where the driver had 
no such switch in their own car, their performance was 
generally better when the switch was panel-mounted than when it 
was mounted on the steering column. 

4. Radio (Fig. 25)-- Performance in using this control was 
adversely affected when the radio was located to the left of 
the steering column. 

5. Climate Controls (Fig. 26)-- They were found equally well 
on the left or right panel, adverse effects resulted when they 
were located on the console. 

6. Vent (Fig. 27)-- This control was located more quickly and 
accurately when integrated with other climate controls than as 
a separate ("dedicated") control. 

In addition, with both test cars, there were no 
statistically significant interactions between the location of 
those controls in the driver's own car (left panel, right 
panel, or pod/stalk) and the location in the test vehicle. 
Consequently, further Anacapa work focused on expectancy based 
on each driver's total experience rather than the control 
location in their current car. 

In the final driver 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 both vehicles were removed 
and replaced with mockup panels. Thirty different control 
arrangements were evaluated in the station wagon and 15 in the 
subcompact. The purpose of this experiment was to assess the 
ability of drivers to find controls for the first time in 
unfamiliar vehicles. 
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F i g u r e  20, Mean Time t o  L o c a t e  t h e  Headlamp S w i t c h  
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Source: Anacapa Sciences (1974) 

Figure 21, Error Probability for Locating the Headlam Switch 
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LOCATION OF WIPER CO:4TlOL IN TEST VEHICLES 

Source: Anacapa Sciences (1974) 

F i g u r e  23, E r r o r  P r o b a b i l i t y  f o r  L o c a t i n a  t h e  b!iper Sw i t ch  
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PHOTO TEST 
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Source: Anacaga Sciences (1974) 
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Source: Anacapa Sciences (1974) 

Figure 26,  Time and Errors for Locating the Climate Controls 
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Each of the 2088 U.S. drivers responded exactly twice, 
once in each car for a different control. The test sequence 
was fairly straightforward, with each driver's eyes fixated at 
a distant target while gripping the steering wheel. After 
naming a control, the experimenter removed a curtain covering 
the panel and started a clock. The experimenter stopped the 
clock when the driver touched the proper control. Drivers 
committing errors were told to continue searching (with timing 
continued) until the correct control was found or 60 seconds 
had elapsed. If the time-limit was exceeded, the driver was 
shown the correct location and next asked to find the ignition 
switch, to allow the driver to achieve a success before 
proceeding. 

Two important findings emerged: 

1. The mean time to correct a control selection error was two 
seconds. For the vent control, these delays approached seven 
seconds. It is suspected that these data underestimate the 
time to correct an error while driving, since in these tests 
the experimenter instantly notified the driver that he or she 
had selected the wrong control. Without this aid, it might 
take the driver significantly longer to recognize and correct 
the error. 

2. The time to locate a control was linearly related to the 
difference between the actual location of a control and where 
drivers expect it to be. This is clearly shown in the 
"discrepancy plots" for the headlights and wiper switches shown 
in Figures 28 and 29. In Green (1979), these and other data 
suggested the application of a "five-inch rule" to instrument 
panel design. "As long as a control is within five inches of 
where drivers expect it, performance will not suffer (Green, 
1979, p.29)." Anacapa Sciences argue for a seven-inch rule. 
This difference of opinion is due to different interpretations 
of where the "knee" in the discrepancy plots is located. 

Further, a "by-eye" fit of these and other descrepancy 
plots suggests that the mean time to locate a control increases 
by about one second for every ten inches a control is from its 
expected location. This rule does not seem to hold for 
controls that are not in direct view of the driver, such as 
when a lighter is inside an ashtray. (See Figure 30.) In that 
case the time cost is probably three or four times greater. 

These analyses show that most of the performance 
differences are due to uncertainty regarding in which panel 
section (left, right, console) a particular control will be 
found. Anacapa therefore argues that controls should be 
restricted only to an area of the panel, a specification which 
would be insufficient only in very large cars, where an 
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Figure 28, Mean Time t o  Locate the tleadllght Switch as a Function o f  
the D i  stance between the Expected and Actual Locations . 
Source : Anacapa Sciences (1976). p. 72. 
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abundance of panel space would facilitate violation of their 
seven-inch rule. It should be noted that Anacapa Sciences 
(1976, p. 82) expresses great caution in extending these 
results to column-mounted controls, as responses from drivers 
who expected the controls to be column-mounted were markedly 
different from those of drivers expecting panel-mounted 
controls. The authors believe, however, that once the 
expectation for panel- or column-mounting has been established, 
the "five-inch" rule will apply. 

Faust-Adams and Nagel (1975) 

In Australia, Faust-Adams and Nagel (1975) had 24 non- 
drivers reach for six controls in two cars. Each driver 
responded to each control 30 times in each car. The cars used 
were a right-hand drive 1972 Holden HQ with panel-mounted 
controls (representing American models) and a left-hand drive 
1971 Mazda Capella RX2 with stalk-mounted controls 
(representing Japanese models). Response times were measured 
from when a slide giving the control name was shown until when 
the control was touched with an electrically conductive glove. 
The resulting mean response times for each control are shown in 
Table 26. 
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Table 26. Response Times From Faust-Adams and Nagel (1975) 

Control ...................... 
Beam Lights 
Switch On/Off Wiper Horn Ignition Handbrk 

Holden 
RT (sec.) 1.76 1.63 1.74 1.46 1.68 
Location floor on dash on dash steering right bet. 

far rt. near rt. wheel side seat & 
spokes column door 

Mazda 
RT (sec.) 1.36 1.67 1.44 1.34 1.61 1.68 
Location near rt. far rt. near rt. ctr of apex of bet. 

stalk stalk stalk steering column & seats 
wheel dash 

Significant 
Difference ---- ---- p < .01 p < .O1 ---- p < .01 

The results of this Australian study favored stalk-mounted 
controls, as response times for them (beam-switching and wiper) 
averaged 300 milliseconds less than those which were panel- or 
floor-mounted. There was no significant difference between the 
response times for the lights switch (panel vs. far right 
stalk), because the stalk was one of two mounted on that side 
of the steering column in the Mazda, creating an awkward reach 
situation and thus distorting the times for what would 
otherwise be a more convenient location than the panel. In 
general, when two stalks are mounted on the same side of the 
steering column, one will be displaced from the plane of the 
steering wheel. Since stalk-mounting is intended to reduce 
movement distance and therefore movement time, mounting two 
stalks on one side of the column should not be considered in 
control design since it defeats the advantage of stalk-mounting 
over column-mounting. It should be noted, however, that this 
data was obtained from non-drivers. Driving is a skill which 
requires a fair deal of practice to develop proficiency, and it 
is questionable whether the response times of non-drivers are 
particularly relevant. 

Kuechenmeister (1975) 

Another panel- vs. stalk-mounted control experiment was 
reported by the Kuechenmeister (1975), in which 32 drivers were 
divided into two groups. In tests conducted in a 1975 
Oldsmobile, one group used the standard Oldsmobile stalk 
(column-mounted turn signal and dimmer, panel-mounted 
wiper/washer); the other group used the stalk-mounted controls 
of a Chevette (turn signal, dimmer, wiper/washer all stalk- 
mounted) installed in the Oldsmobile. The timing procedure was 
similar to the verbal-command/stopwatch timing of 
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Kuechenmeister (1974), with drivers responding to each of 14 
commands four times. Drivers also rated the ease of operation 
of the controls. 

Analysis of the results showed statistically significant 
differences in response times resulting from panel- vs. stalk- 
mounted control locations, in that panel controls were 
responded to more rapidly overall and for each of the 
individual functions, although these differences decreased with 
practice. (See Figure 31.) 

A later retest of subjects with the Chevette stalk design 
showed an additional improvement in performance, and the 
overall difference in error rates between the two designs 
(panel- vs. stalk-mounted) were small. ( A  statistical analysis 
of the errors is not presented.) Kuechenmeister (1975) 
concludes that by the fourth trial, "the differences between 
the two designs are 1/3 of a second or less and therefore 
probably not practical differences." The authors of this 
report disagree. At 55 mph, this translates into an increase 
in stopping distance of nearly two car lengths, which could 
well be the deciding factor in many accident situations. 

Further support for a difference comes from the rating 
data. Drivers rated the column-mounted dimmer as easier to 
operate than the one in their own car (of unspecified design). 
They also rated the stalk-mounted wiper/washer control as 
easier to operate than the panel mounted design. 

Mourant, Moussa-Hamouda, and Howard (1977) 

Mourant, Moussa-Hamouda, and Howard (1977) undertook a 
laboratory experiment comparing five single left-stalk 
configurations mounted in a 1967 Chevrolet buck. (See also 
Mourant, Herman, and Moussa-Hamouda, 1980.) The stalks 
differed as to how the wiper and washer operated. (See Figure 
32.) 

Five groups of 16 drivers were tested, each group using 
only one stalk configuration. Drivers operated the 
multifunction (stalk-mounted) and instrument panel controls, 
while simultaneously performing a pursuit tracking (simulated 
steering) task in response to light signals. Video cameras 
were used to record where the drivers looked, the drivers' 
movements, and the tracking task and stimulus commands. 
(Tracking error was not examined in detail.) Shown in Table 27 
is a summary of the results from this experiment. 
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Table 27. Mean Performance Time and Looks for the Wiper and 
Washer. 

Total Total 
Performance* Performance Looks/100 Looks/100 

Experimental Time-Wiper Time-Washer Responses Responses 
Group (Sec. ) (Sec. ) to Wiper to Washer ............................................................... 
Rotate Away .87 .81 4.5 3.0 
Button 1.10 .84 27.5 9.0 
Hand Switch 1.10 .99 13.5 12.0 
Rotate Toward .85 .85 6.0 4.0 
Slide Switch 1.19 .86 6.5 1.0 

Source: Mourant et al. (1977) 

* Note: Performance time starts when the driver begins to 
move to the control and ends when the control has been 
operated. 

Both rotating switches (designs 1 and 4 in Figure 3 2 )  had 
shorter performance times than the slide switch, while the 
button and hand switch designs were in the middle of the range 
and not significantly different from the other designs. Most 
likely, this was due to a genuine design advantage. However, 
it could reflect a performance tradeoff as tracking error was 
greater for drivers using rotary switches. The performance 
differences between wiper control designs were primarily in 
operation time, not movement time. Except for the poor 
performance of coaxial switches (e.g., when the wiper is a hand 
switch, see Fig. 32), there are no performance time differences 
between washer switch designs, 

Comparisons of the direct-look frequency for each stalk 
configuration showed the same pattern as the performance time. 
The fewest looks (about 5/100 responses) were required to turn 
on the wiper with "rotate forward or away" configurations, and 
the most (18/100 responses) were required for the button 
configuration. Even larger and more significant differences 
were found in controlling wiper speed, where 37 looks/100 
responses were required for the "button" design. (Speed was 
controlled with a rocker switch). Furthermore, Table 27 shows 
the correlation between direct looks and reaction times in all 
cases except the slide switch. The slide switch had a low 
direct-look count and yet took a fair amount of time to 
operate. This indicates that while drivers found the slide 
switch without difficulty, they had trouble manipulating it. 

While the fingertip reach controls were used more often, 
and consequently their locations were better known to the 
drivers, this difference results mostly from the need to look 
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while reaching for conventional panel-mounted controls. To 
repeat, the authors believe that the key factor is that the 
controls are very close to the steering wheel, not that they 
are stalk- or panel-mounted. Hence, these data suggest that 
drivers will also perform well with pod-type controls. 

The Mourant et al. study is the only experiment in the 
literature to record all three aspects of response time for 
each control: reaction time, movement time, and operation time. 
It is unfortunate the reaction time data were not reported. 
Decomposition of these data offer some insight into why 
differences occurred. As Mourant et al. point out, 
"...regardless of the type of switch used to control wiper 
on/off and speed, drivers took about the same amount of time to 
move their hand from the steering wheel to touch the control" 
(p. 48). But, there was a slight tendency for controls 
requiring a more precise grip to take longer to move to, such 
as a hand switch. (See Figure 33.) This is exactly what a 
predetermined time system (such as MTM-1) would predict. 
Furthermore, precise grasps may require a small positioning 
motion (which is part of the movement time) in addition to the 
reach to align the hand with the object to be grasped. 

For stalk controls, just over about half of the 
"performance time" is spent moving towards the control. The 
rest is spent operating it. However, for instrument panel 
controls with total performance times of 1.2 to 1.3 seconds, 
about 2/3 to 3/4 is movement time. This decomposition analysis 
suggests that a performance model similar to that proposed by 
Green, 1979 (and discussed in the literature review section of 
this report) could be used to predict driver performance. 

To summarize the Mourant et al. research; in general, 
rotary stalk controls are preferable to other types, especially 
coaxially-mounted handswitch and button combinations. The 
data, with respect to performance times, also indicate that 
about 50% of the time required to use a fingertip control is 
spent moving towards it. 

Elsholz and Bortfeld (1978) 

A European study by Elsholz and Bortfeld (1978) asked five 
groups,of 30 German drivers to operate the controls of an Audi 
100LS, BMW 728, Citroen CX2000, Peugeot 604SL, or Renault 30TS. 
They recorded the number and type of errors made, and their 
results are contained in Table 28. 
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Tab 1 e 2B , Control Use Em>n Reported by Elshok 8 Bortfeld (1 978). 
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Green (1979, p. 47) arrived at several conclusions 
concerning the Elsholz and Bortfeld (1978) study, and these are 
as follows: 

1. For the windshield wiper, there were problems with right- 
side stalk controls that twisted or moved towards or away from 
the driver, but not those which moved up or down. 

2. Neither a left-side stalk (push away = on) nor a left-panel 
control (up = on) were stereotypical modes of operation for the 
windshield washer. 

3. Drivers had difficulty with stalk-mounted horn controls but 
not with "touch controls" mounted on the steering wheel. 

4. Drivers had difficulty locating turn signals not operated 
by a left-side lever. 

5. Drivers did not fully understand the control type/direction 
combinations used to activate the parking lights. 

6. None of the headlight controls tested (left stalk - push 
up/down; instrument panel stalk control, right side - pull 
toward the driver, or left side - push up; rocker switch on the 
left side of the instrument panel) were easily located by 
drivers. 

7. Similar difficulty was experienced with the high-beam 
controls (left stalk control - moves left or right; touch 
control on right side of instrument panel - push up). 
8. For the front and rear fog lights, neither a stalk control 
nor a rocker switch was easily located by subjects. Separate 
control of fog lights were not fitted on most cars, 

' 

particularly American vehicles, at that time. 

9. Drivers experienced difficulties operating any of the five 
possible hazard controls (left-side stalk control - push left; 
rocker switch on right side of instrument panel - push down; 
touch control in same place - push left; left-side panel- 
mounted push button - push right). 
10. Drivers had some difficulty locating the parking light 
control when it was mounted on a stalk (left side - push up or 
down), while a rocker switch (on steering wheel - push right 
side forward) was extremely difficult to locate. 

The Elsholz and Bortfeld study offers many insights into 
the design and location of controls, and while the sample size 
is small and the description of procedure deficient, this 
report contains much relevant information in the area of 
automotive controls. The title and the emphasis of the body of 
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the report on control symbols and labelling have caused many to 
miss the excellent research on controls it contains. 

Haller, Bouis, and Heintz (1981) 

This study (see also Bouis, Haller, and Heintz, 1981; 
Heintz, Haller, and Bouis, 1982) examines how a tripcomputer 
keyboard should be designed to minimize how much its use 
distracts drivers from looking at the road. 

The description of this research is very incomplete and 
unclear. Apparently two keyboard designs were examined, one 
resembling a telephone keyboard (3x4 array of buttons with 1, 
2, 3 across the top) and another referred to as a "sequence" 
keyboard. The sequence keyboard consisted of a top row of 4 
buttons and a bottom row of two (labelled "res," "ent"). The 
buttons were arranged so those on the top row were under the 
fingers of the right hand. Four subjects, whose backgrounds 
were unspecified, either entered an unknown number of sequences 
of three- or four-digit numbers, or were selected a 
tripcomputer function. 

For the telephone keyboard, each of the keys on the 
keyboard was for one of the tripcomputer functions. Digit 
entry followed the expected pattern. (To enter 21, push key 
"2," then key "1.") 

To select a tripcomputer function using the sequence 
keyboard, the row and column of the function in an array of 
function names were entered. (So pressing the second button 
from the right might select row 2 and the third button might 
select column 3. Numbers were probably entered by pressing the 
key for the corresponding power of 10. So to enter 21, the 
first key on the far right (10 to the zero power) might be 
pressed once and the second key from the right (10 to the first 
power) twice. 

The data were collected in a driving simulator and in an 
unspecified test car. The location of the keyboard and display 
in the vehicle were varied across test conditions. Eye 
fixations, tracking errors, and the time to enter each item 
were recorded. In general, data entry times for the sequence 
keyboard were longer than those for the telephone keyboard (for 
three-digit numbers), but the mean fixation duration and 
steering error were less. No statistical tests are provided. 
Based on their research, they indicate the sequence keyboard is 
preferable to the telephone keyboard. Because there is so much 
missing from this paper, it's difficult to know what to 
believe. 

McCallum, Dick, and Casey (1982) 

McCallum et al. summarize work carried out by Anacapa 
Sciences for Ford to evaluate steering-wheel mounted controls. 
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A Ford Thunderbird (probably an '81 or ' 8 2  model) was equipped 
with a prototype four-spoke steering wheel similar in shape to 
the production steering wheel. It had the standard cruise 
controls (on/off on the lower left spoke, resume/accelerate on 
the lower right). It was also fitted with two sets of three 
buttons on the upper spokes (left turn, right turn, headlight 
dimmer) and a row of five small buttons on the face of the hub 
(headlight on/off, wiper on/rate, wiper off, washer on/off). 

Each of 30 luxury car owners drove that car and a matched 
conventional car for an hour and a half. While doing so, 
response times and errors for using the controls were obtained, 
as well as driver opinions of the prototype. Unfortunately, 
the Anacapa report provides no quantitative data from the 
driver performance experiments, which makes detailed discussion 
difficult. It may be that work was more completely described 
in a previous report, but a specific reference for one is not 
given. 

The report concluded that response times for using the 
turn signals and headlight dimmer were greater than those for 
the conventional car, and that more errors were made operating 
turn signals in the prototype vehicle than in the conventional 
car. Furthermore, drivers preferred the conventional approach 
of placing such controls in a stationary location, and favored 
push-button controls mounted within fingertip reach of the 
steering wheel. McCallum et al. recommend that a stalk control 
should be used for the turn signals and that controls should 
generally not be mounted on a moving surface. 

Galer, Spicer, Geyer, and Holtum (1983) 

Galer et al. (1983) describes the design and evaluation of 
a trip computer and vehicle condition display for Jaguar. 
While the details of the research are confidential, her paper 
does give some insight into what was done. Her evaluation of 
the trip computer examined the keyboard layout, the messages 
displayed, and the dialogue logic. The trip computer was 
mounted in a driving simulator. The keyboard, mounted just to 
the right of the steering wheel, is shown in Figure 34. 

One hundred drivers were tested either using the trip 
computer alone, or with the vehicle condition display. While 
steering, drivers were asked to use the trip computer to answer 
questions, for example, "How far have we gone?" As shown in 
Table 29, use of the trip computer often required multiple 
button presses to retrieve the information desired. Also, from 
time to time a warning message from the vehicle condition 
monitor appeared on the display. A computer recorded the keys 
pressed while an observer recorded the keyboard use strategy. 
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Figure 34, Jaguar Trip Computer 

Table 29. Trip Computer Logic from Galer et al. (1983) 

Button Press # ---------- Message ----------- 
Test 1 Test 2 Test 3 

DIST first DIST TRAV DIST TRAV DIST EMPTY 
DIST second FUEL FOR DIST TO GO DIST TRAV 
DIST third DIST TO GO RANGE DIST TO GO 

FUEL first INST FUEL FUEL USED AV FUEL 
FUEL second AV FUEL INST FUEL FUEL USED 
FUEL third FUEL USED AV FUEL INST FUEL 

TIME first TIME TAKEN TIME TAKEN AV SPEED 
TIME second ARRIVAL ARRIVAL TIME TAKEN 
TIME third AV SPEED AV SPEED TIME TO GO 

The button-press error rate was about 10% under "stress" 
conditions (unexplained in the paper). More errors were made 
in responding to "multi-concept" functions such as "distance on 
remaining fuel" and "average speed". Error rates for the 
individual function, button-press times, and steering error 
data do not appear in her paper. 

Performance apparently depended upon the strategy for 
obtaining information. Two strategies were used: (1) entering 
the required number of keypresses and then reading the display, 
and (2) pressing a key, reading the display, and then repeating 
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until the desired information was obtained. Many drivers 
started with the second strategy but moved to the first with 
practice. The number of trials at which this occurred is not 
given. 

Khadilkar (1983) 

This study, commonly know as the Minicars study ( 
performing organization), was carried out under contra 
U.S. Department of Transportation. (See Friedman and 
for a description of the initial phase of this work.) 
According to Khadilkar, the objective of this study wa 
provide NHTSA with an objective, thorough assessment.. 
can then permit NHTSA to make a rational judgment of t 
reasonable approach to standardization" (p. 1-2). The 
ran over budget and was never completed. 

after the 
.ct to the 
Schmitz 

s, "...to 
. [which] 
he most 
study 

A final report was submitted but it was never approved by 
NHTSA. The copy of the report summarized here was received by 
the authors from the Chrysler Corporation. The report is not 
well written (filled with bureaucratese, hard to follow, messy 
figures, tables of hard-to-read computer printouts, etc.), the 
experiments flawed (the orders in which controls were tested 
were not properly randomized), and the analysis is incomplete 
(for example, no statistical tests are given). However, this 
report describes one of the few driver performance experiments 
conducted in recent years. Furthermore, because it is also 
difficult to obtain, it is described in somewhat greater detail 
than the other studies reviewed here. 

Khadilkar collected data on where controls were located 
and how they operated in 1980 model-year cars, developed a 
human factors procedure for analyzing control designs, and 
carried out several small driver performance experiments. 

The driver performance work involved four test conditions 
in which 20, 7, 7, and 11 drivers participated. Only two 
subjects participated in all four conditions making comparison 
across conditions difficult. The conditions can be grouped 
into two pairs. In one pair drivers were cued by a video 
monitor to operate controls. A computer recorded the times to 
reach for and operate controls, as well as something Khadilkar 
calls "release time." Also, where drivers looked was recorded 
(using a video camera facing the driver), so eyes-off-the-road 
time could be determined. 

In the second pair of conditions, drivers concurrently 
performed a simulated steering task that required them to keep 
a randomly moving cursor on a hood-mounted computer display 
between two vertical lines. The condition involving steering 
followed the condition in which steering was not required. 

In each pair of test conditions, two cars were used, a 
1980 Chevrolet Citation and a 1980 Dodge Colt. They were 
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selected because of the commonality of their controls with then 
current ('83) cars. (The Citation was conventionally 
configured for a post-1978 car, while the Colt had a sliding 
wiper switch, headlight controls on a stalk, and two hub- 
mounted horn buttons.) 

Each test sequence consisted of 33 trials, one practice 
trial of turning on the ignition, and then four groups of eight 
trials involving alternating sequences of turning on, and then 
turning off, seven controls (headlights, radio, wipers, high 
beam, hazard, turn signal, heater). One fixed, partially 
random sequence was used for all four tests, and further, 
subjects were always tested in the Citation first. 

Their conclusions are reproduced word for word as they 
appeared in the original report (p 5-46). 

1. "Most subjects reached assymptotic performance level by the 
third and fourth trial" [sic]. 

2. The Citation (with the turn signal, wiper/washer, and dimmer 
on the same stalk) "was found to be confusing by some of the 
test subjects. " 

3. "Several test subjects had problem locating and operating 
hazard light" [sic]. 

4. In general, stalk-mounted controls were "touched quicker" 
than instrument panel-mounted controls because they are closer 
to the driver. 

4. The horn was the easiest control to use. 

5. "Most test subjects managed simulated driving task and 
control operation without major difficulty. However, the 
reaction time performance, in general did not show a nice 
assymptotic curve when tracking task was included. The 
reaction time measure recorded was certainly influenced by the 
load of the driving task" [sic]. 

6. Subjects spent more time looking away from the road (and 
presumably at the controls) when the tracking task was not 
included. 

As noted previously, the data analysis is incomplete. In 
particular this is true for the eyes-off-the-road data (where 
times for each driver but not each control are provided) and 
for time-off-the-road and "crashes," (their steering 
performance measures) where again only subject totals are 
given. 

Since the raw response times are given in an appendix to 
the Khadilkar report and those differences are of particular 
interest, mean times were computed. They appear in Table 30. 
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There isn't an obvious overall difference in times between the 
single task and time sharing conditions, which is somewhat of a 
surprise. There were however, major differences between the 
three phases of control use. The time to touch the control was 
the longest, followed by operating it, which in turn was 
followed by release time. Based on the Mourant et al. data, 
one is lead to believe that touching time was reaction time 
plus movement time. Finally, with regards to differences 
between controls designs, it is clear that touch times were 
indeed brief for stalk controls (at least the turn signal), and 
that drivers had problems operating the horn. 

Table 30. Mean Response Times Computed from Data in Khadilkar 
(1983) 

Control 
One Task 
Headlights 
Wiper 
Hi/Lo Beam 
Hazard 
Horn 
Turn Signal 
Heater 

------ Citation ----- 
Touch Operate Release Touch Operate Release 

Time-Sharing 
Headlights 2.48 .53 .56 2.83 -56 .44 
Wiper 2.04 .73 .69 3.02 1.51 .39 
Hi/Lo Beam 1.94 .58 .53 2.19 1.27 .41 
Hazard NA 3.66 NA NA 3;16 NA 
Horn MA 1.89 NA NA 2.47 NA 
Turn Signal 1,96 2.30 .93 f .87 .73 .86 
Heater 3.81 1.01 .86 3.40 1.44 .55 

*=significantly fewer data points used to compute mean due to 
missing data 
NA=Not Available in original data 

Heintz, Bouis, and Haller (1985) 

This SAE paper describes the evaluation of a general 
purpose information system designed to integrate the functions 
of the radio, cassette tape unit, tripcomputer, telephone, 
navigation system, climate control, and other components into a 
single unit. This particular study only concerns the first 
four functions. Heintz et al. argue that since+each of these 
components is designed independently, the user interface tends 
to be inconsistent and causes problems for drivers. 

Their information system user interface consisted of seven 
keys and presumably, a display, used to access a three level 
hierarchical menu system. Five were softkeys for item 
selection within a level, two were used to go up or down a 
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level. A sample piece of the menu system is shown in Figure 
35. 

Two experiments were carried out to improve its design, 
both of which took place using an unspecified driving 
simulator. Both followed the same general format and used the 
same six subjects. A computer recorded both eye movements (via 
an electrooculogram) to determine eyes-off-the-road time and 
steering errors. While driving, subjects were given verbal 
instructions to select information system functions, for 
example, "Please switch the radio to station 3." Subjects were 
free to use either the information system to carry out the 
task, or conventional instrument panel controls from an unknown 
car. Both were present. The location of the information 
system and details concerning its design are not given. 

The first experiment compared a two- with a three-level 
menu system. The Heintz et al. paper does not state how often 
subjects were asked to respond. Shown in Figures 36 and 37 are 
the results from that study. 

In the three-level version subjects chose to use the 
information system just as often as the dedicated controls, 
though use of the computerized system was more likely to lead 
to a correct response. In the two-level version, subjects 
typically were twice as likely to select the information system 
as conventional controls, though that ratio varied with the 
function selected. The ratio of correct to incorrect responses 
for the two conditions involving conventional controls were 
similar, suggesting the data are consistent. Other data (on 
eye fixations, steering errors) are not given in this paper. 

A second experiment examined the effect of the number of 
choices for a menu.- Three versions were developed (4, 8, and 
10 softkeys, all of which also had one dedicated key for 
changing menu levels). Heintz et al. claim that these 
differences (for an unknown number of subjects) "was not a 
critical factor" based upon the average duration of eye 
fixations. Other variables are not discussed. 

Heintz et al. also compare total fixation durations for 
conventional controls with the information system display near 
the tachometer (a central location) and the keyboard on the 
console to the right of the steering wheel. Total look 
durations were six seconds per selection for conventional 
controls and three seconds per selection for the information 
system. It is not clear which conditions were being compared. 

Finally, Heintz et al. describe another condition in which 
the display was not centrally located. That change added about 
300 milliseconds to each selection. Again, other data are not 
provided. 
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Thus, the Heintz, Bouis, and Haller (1985) paper argues 
for using nondedicated controls. However, the description of 
the work is very sketchy. It is not known how many subjects 
participated, how many responses were collected in each 
condition, what exactly the conditions were, what the 
control/display unit looked like. This is unfortunate since 
there is considerable interest in providing such systems in 
future vehicles but little information on how easy they will be 
for drivers to use. 

Jack (1985) 

Another performance study is Jack (1985), which examined 
how orientation, labelling, and tactile coding of rocker 
switches influenced how likely drivers were to move them in 
various directions to turn features on and off. This research 
is typical of the kind of specific data one finds in the 
general human factors literature (e.g., Loveless, 1962), 
especially on direction-of-motion stereotypes. Most of that 
literature concerns knobs and levers. 

In the first experiment 20 people were chosen at random as 
they walked by the Ford Automotive Safety Office. An unlabeled 
rocker switch with both a bump (bulge) and a dimple 
(indentation) on the face was mounted in seven locations around 
the driver's seat of a current model car. Direction-of-motion 
stereotypes were obtained by asking drivers to operate the 
switch in a certain manner (i.e., "Turn this switch on.") 
Performance times were not recorded. Each person responded to 
36 such requests in a random order (9 function/location 
combinations x 4 directions). Figure 38 shows the percentage 
of people who selected the "bump" side of the switch for each 
configuration. (See the figure caption for a further 
explanation.) 

These data confirm the linear direction-of-motion 
stereotypes reported in the literature; moving a control 
forward, to the right, or up is associated with turning 
something on or increase its value. (Strangely, in the United 
Kingdon, down is associated with on.) Particularly strong was 
the association of up with on and increase. Therefore, on/off 
controls and slide switches should be mounted on vertical 
surfaces and move according to that stereotype. Further, Jack 
shows that where a stereotype existed, adding the bump in the 
favored direction increased the extent to which people agreed 
on a stereotype. 

With regard to the specific controls examined, the 
stereotype data show that for power window controls near the 
driver's door, the control should be vertically mounted (push 
down to lower). For the door lock, placing it on the armrest 
(push away to unlock) had the strongest stereotype. 
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Number represents percent pushing the Bump side. 
(e.g. To put the window down when the switch was placed with the 
Bump side fotward on the left armrest, 35% of the subjects pushed 
the switch's Bump side.) 

Turn Turn 
Unlock Something Something 
The On On 

Figure 38, Test Locations and BumplDimple Results tom Jack (1 985) 
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Three other small experiments (typically involving 100 
drivers but only one response) were also completed. Jack found 
that adding the words "on" and "off" below a horizontal rocker 
switch (with a bump on it) increased the on-off direction of 
motion stereotype from 79 to 98%. However, when the 
distinction was a label on one face and serrations on the 
other, there was no clear stereotype as to which side was 
associated with "on". Finally, he found that for switches with 
one serrated face and one flat face, the serrated face was more 
likely to be associated with on (59% versus 41%). (The right- 
left stereotype for on-off was about 65-35.) 

Turn 
Something 
On 
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Snyder and Monty (1985) 

Snyder and Monty (1985) examined driver performance in 
operating a touch screen CRT. Display types investigated 
included one with conventional, dedicated instrument panel 
controls and three touch-screen designs. During the 
experiment, 64 people drove twice over a standardized course, 
an hour at each time, while operating various features (select 
a radio station, operate the seek mode, manually tune, balance 
the tone, check the fuel used, average and instantaneous fuel 
economy, set the climate control mode or temperature, etc.) 
Each item was operated four times per hour. Operation times 
were recorded. Drivers were scored on lane-keeping, 
maintenance of speed, and frequency and dwell time of brake 
applications during the task period. Finally, eye movements 
were videotaped. Gaze direction (on the road, on the display) 
was coded by a person watching a playback of the tape who 
pressed a button to send a signal to a second audio track. 

Snyder and Monty conclude that their methodology provided 
relevant information using large amounts of data, but said 
little regarding their results because of space constraints. 
As shown in Table 31, the time required to operate the touch 
screen (electronic) systems were double or triple the time 
required for dedicated instrument panel controls, and the mean 
number of glances away from the road (to the control surfaces) 
increased by a similar factor. In the authors' opinion, if 
these touch screen systems were fitted in production vehicles, 
they would present an unacceptable hazard to drivers. It is 
not clear how closely these systems resemble the one in the 
1987 Buick Riviera. (See Ortega, Barker, Wilson, and Kruse, 
1986, for a description of that system.) 

Table 31. Mean Task Time and Number of Glances for Displays 
from Snyder and Monty (1985). 

Display Type Mean Task Time Mean Number of Glances 
Radio Trip HVAC Radio Trip HVAC 

Dedicated Displays 7.1 6.2 4.5 3.0 2.3 2.1 
Electronic A 18.3 10.9 10.2 6.6 4.1 3.9 
Electronic B 13.5 10.3 7 , 7 5.5 3.9 3.1 
Electronic C 15.8 12.1 8.1 8,5 6.Q 5.1 

Summary 

Much of the research on driver performance, especially the 
work in the 70's, is concerned with comparing stalk and panel- 
mounted controls (e.g., Faust et al., Kuechenmeister, etc.). 
There were no consistent advantages of one over the other (in 
terms of response time or errors) when the research was 
conducted. Stalk controls tend to be closer to the driver 
(decreasing reach time), but were at one time less expected 
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(increasing decision time). Stalk controls are difficult to 
label and provide with tactile coding. Furthermore, the 
presence of multiple stalks or multiple controls on one stalk 
may lead to some degree of confusion. 

Connected with the question is where secondary controls 
belong. The most recent comprehensive study of driver use of 
controls was carried out by Anacapa Sciences (1974, 1976). 
These experiments were extremely well done. From their data 
one would conclude that the lights belong on the left side of 
the instrument panel as well as the wiper/washer, the radio on 
the right side of the panel, and the climate control could go 
on either side. However, over the last ten years stalk 
controls have become much more likely and expected by drivers. 
For that reason, much of the Anacapa data is obsolete. 

But the passage of time doesn't necessarily make all of 
the specific data obsolete. For example, the Anacapa data on 
radio location is still useful, and so too is the Krumm 
experiment on horn location. (Locate the horn on the steering 
wheel spokes or pad.) 

Finally, a very popular topic in the literature is the 
design of trip computers and CRT-based, touch-screen 
information systems. The initial evidence suggests that such 
systems are difficult to operate, often requiring so much time 
to use that some designs may be dangerous. 

In spite of this focus on specific controls and designs, a 
few general conclusions do emerge from the performance 
literature. Clearly, the farther controls are from where 
drivers expect them, the longer they take to use. Based on the 
Anacapa data, location times increase about one second for each 
ten inches a control in plain sight is from its expected 
location. However, deviations from the expected location don't 
seem to matter if they are less than five inches. It is not 
clear exactly how to apply this rule to stalk controls since at 
the time these studies took place, American drivers (used in 
all but one of the studies) were used to panel-mounted 
controls. 

While expectancy is an important predictor of response 
time, it is primarily of concern when the driver is unfamiliar 
with the instrument panel. In the work of Mourant et al., 
movement time (from the steering wheel to the control) was 
about half of the performance time. For controls on the 
instrument panel, it was closer to 2/3 or 3/4. Furthermore, 
that study also showed that the design of the control itself 
also had a measurable impact on performance time, though it was 
much less. Controls that required fine movements on the part 
of the driver (such as small switches that were grasped), took 
longer to operate than controls that could be operated with 
gross movements (such as the turn signal). Taken as a whole, 
this evidence suggests that a procedure could be developed 
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(similar to the proposal of Green, 1979) to predict control use 
time (for practiced conditions) from a data on movement 
distance and control design. 

Taken as a whole, the literature suggests that drivers 
will do best with controls mounted close to them, controls that 
are similar to those they expect, and that do not require a 
precise grasp to operate. It is not important whether they are 
stalks or not. But placing controls close to the driver does 
not guarantee they will be easy to use. For example, McCallum 
et al. found that drivers took longer to use several switches 
mounted on the steering wheel hub than more conventional 
controls. The problem was the switches on the hub were very 
small. 

A second major theme that emerges from the literature is 
the strong agreement of performance measures. Both the Essex 
'72 and the Anacapa '76 studies found good agreement between 
laboratory and on the road studies of the time to use controls 
and errors made. With regard to time and errors, the Anacapa 
work found a good correlation between these two performance 
measures (r=.85). There also is good agreement, both in the 
Mourant et al. study and in the Snyder and Monty work between 
eye fixation data (number of glances, glance durations, etc.) 
and various time measures. Many insist that when designing 
controls one should only be concerned with preventing 
accidents, and the key to preventing accidents is not 
distracting drivers from looking ahead. Most often, response 
time in the laboratory has been used to assess performance. 
These results suggest that type of experiment will predict what 
happens on the road. 

In most of these studies, drivers are also performing some 
sort of tracking/steering task in addition to reaching for 
controls. Having such a task makes the data more believable, 
especially to those not trained in human factors, the primary 
users of these studies. For that reason, it may be necessary 
to include a tracking task in performance studies. On the 
other hand, the Khadilkar data suggest the additional task will 
have no effect on performance. But then, the Khadilkar data 
aren't very good. 

A third theme that emerges from the literature is more of 
a reminder than anything else; generic human factors research 
can be used to solve automotive problems. This point is 
exemplified by Jack's work on direction ,of motion stereotypes 
for controls. In brief, Jack's work showed that the 
stereotypes in the human factors literature can be used to 
predict how drivers think controls should be moved to cause 
functions to operate. 
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The final theme to emerge from the performance literature 
is the value of a "human engineered" instrument panel. The 
Essex experiment compared how long it took drivers to use 
controls on an unfamiliar (nonoptimal) panel, a well designed 
one. and the one in their own car. While drivers did best 
using the panel they were intimately familiar with (the one in 
their own car), differences between it and an unfamiliar but 
well designed one were small. On the other hand, they did not 
do well on panels that were not well designed. 

Thus, the main contributions to automotive design of the 
driver performance data are not recommendations about which 
specific controls are best, in spite of that being the emphasis 
of the research. This is because what is best depends upon 
what drivers expect and that has changed over the last ten 
years (since the last good work was done). 

The most useful data concerns which factors matter, how 
much, under what conditions, and how new studies should be 
carried out. Interestingly, these issues have often been 
covered in pilot or preliminary studies, or the result of post- 
hoc analyses. 

If there is a lesson to be learned from the performance 
literature, it is that more work on modeling performance is 
needed (similar to that proposed by Green, 1979). Studies 
concern4ng which of three or four controls is "best" are not 
very useful in the long run. Control designs change over time 
and after a few years the designs tested are no longer used. 
Further, because expectancies change with the passage of time, 
the results of those studies become less useful predictors of 
driver performance. When thinking about supporting research, 
sponsors need to ask how useful the data will be in five to ten 
years. 
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HOW HAVE HUMAN FACTORS ANALYSES 
BEEN USED? 

There have been many studies that have examined the 
application of human factors principles to automobile 
instrument panel design. Some of them have been critiques of 
production vehicles of the time. Others have described how 
human factors principles could be applied to "human engineered" 
or "ergonomically designed" instrument panels, or have been 
applied to the design of a specific component (e.g., a 
tripcomputer). Finally, there are also studies in the 
literature that describe generally useful data (e.g., 
population stereotypes, frequency-of-use data, etc.) or 
methods. This section reviews that research as well as other 
potentially useful human factors methods that have not yet been 
applied in an automotive context. 

Woodson, Conover, Selby, and Miller (1969) 

The first comprehensive, nonproprietary report identifying 
how human factors principles should be applied to vehicle 
design is Woodson et al. (1969), also known as the Man Factor 
'69 report after the name of the company that did the work for 
the Department of Transportation. That report is written in a 
very straightforward style with many simple Do's and Don'ts. 
The report reviews how vehicles were designed at the time and 
contains a detailed commentary on which control designs 
conflicted with human factors design principles. That 
information is summarized in Green, Ottens, and Adams (1987). 

This report was the first to apply task analysis in a 
systematic way to automobile control design. Three driving 
scenarios were developed from which the frequency of various 
driving tasks were tallied. Based on that and other data, 
priorities were identified for 39 controls and accessories. 
Each control was then assigned a value of 1 (highest, most 
critical, etc.) to 5 (lowest, least critical, etc.) for each of 
five dimensions; frequency-of-use, time criticality, 
precautionary (warning) value, criticality for mission success, 
and use by both the driver and front seat passenger. From 
those data the criticalities of the controls were rank ordered. 
(See Table 32.) 

Woodson et al. also developed a partial draft design 
standard for instrument panels and a proposed standard panel 
design. Their design proposal is probably the most complete 
one in the literature. It covers both the general arrangement 
of controls and displays, and design details. Included among 
these details were items such as labeling, sizing, and spacing 
recommendations from the general human factors literature, as 
well as a tradeoff rationale for each control and display. 



- HOW HAVE HUMAN FACTORS ANALYSES BEEN USED? - 

Table 32, Control /Display P r i o r i t y  Matrix (from Woodson, e t  a1 . , 1969) 

ings were derived from driver 
task analyses, and Time Cri- 
t i ca l i ty  values were deriyed 
from driving emergencies an- 

-- 
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Figure 39 shows where the secondary controls were to be located 
and Figure 40 shows the design details for a typical control. 
Interestingly, the Man Factors panel was basically a "pod-like" 
architecture. Only in the last few years has that design begun 
to appear in production vehicles. 

Malone, Krumm, Shenk, and Kao (1972) 

Several years later, Malone, Krumm, Shenk, and Kao (1972) 
carried out a detailed human factors analysis of instrument 
panel designs for cars, trucks, and buses. This study was 
carried out for the Department of Transportation by the Essex 
Corporation. (For a summary, see the 1972 SAE paper by Kao, 
Malone, and Krumm.) Only the work dealing with automobiles 
will be discussed here, although their human factors analysis 
of large truck instrument panels is quite interesting. 

In contrast to the Woodson work, Malone et al. devoted 
considerable attention to current convention when they 
developed recommendations for a standard instrument panel. 
They considered guidelines for control design such as Federal 
Motor Vehicle Safety Standard 101 and Society of Automotive 
Engineers recommendations. They also considered commonality 
considerations with trucks and buses (based on the Regular 
Common Carrier Conference (RCCC) control panel concept), the 
ability to accommodate options, and the "right hand rule" (for 
trucks). (The right hand rule, a convention suggested in a 
report they describe (the RCCC report), states that controls 
operated while the vehicle is in motion should be located to 
the right of the steering column. The authors aren't aware of 
any data which supports this convention.) 

Also given extensive consideration was "criticality." 
They view criticality as having three aspects: safety, 
performance, and comfort/convenience. Safety considerations 
include effects on driver visibility, use in emergency 
situations, use to avoid hazardous situations, and the degree 
to which errors of use produce hazardous situations. 
Performance considerations include items such as the likelihood 
of high error rates, frequency-of-use, and complexity of 
operations. Data relating to use requirements appear in Table 
33. These data are basically subjective. The overall 
evaluations of secondary controls are shown.in Table 34. 
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Man Factors ,  Inc.  
San Diego, Cal i forn ia  
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F i g u r e  39, Proposed C o n t r o l s  L o c a t i o n  Standard  Based on T r a d e - o f f  Analysis (cant. ) 
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TRADE OFF RATIONALE 

1. Windshield clearing controls 
a re  placed at the top of the panel 
near the windshield; l igh t  switches 
near the bottom of the panel since 
headlights a re  l o w  on the vehicle. 

2. Windshield wipers often have' 
t o  be operated quickly (emergency) 
fur ther  emphasizing the need f o r  
t h i s  control to be near th,e nor- 
mal l i n e  of s igh t ,  

3 ,  Radio controls were given 
p r io r i ty  over environmental con- 
t ro ls  since they probably w i l l  
be used more often,  In the future,  
more extensive connrmnications may 
be provided, fur ther  emphasizing 
the frequency of use p r io r i ty ,  

4. Light switches and windshield 
clearing controls a re  widely 
separated based on experiences 
in  which l igh t s  were turned o f f  
instead of turning on windshield 
w i  e rs .  Parking brake and hood 
r e  ! ease controls a re  separated 
in  a similar fashion. 

5 .  Locations suggested re f l ec t  
general practice indicated by 
vehicle survey. 

Location Worksheet No. 2 

A 

v .  

RELATED HUMAN ENGINEERING CRITERIA 

1. S i m i l a r  (standard) positional 
relationships between. a control 
and the controlled element should 
be tnaintained i n  a l l  equivalent 
work s ta t ions  where feasible .  

2 .  Dis lays should be located P cent ra l  y (as near eye level  as 
i s  feasible)  with controls 
arranged about the periphery to  
preclude poss ib i l i ty  of hands 
covering c r i t i c a l  displays while 
operating a control.  

3 .  Controls which may be used i n  
an emergency should be located 
close t o  the normal l ine  of sight.  

4 ,  Most-often used controls 
should be located near the normal 
l i n e  of s ight .  

5 .  Controls which might be op- 
erated inadvertently with un- 
desirable consequences should 
be separated from one ano,ther. 

6. Controls which may have some 
pos i t i o n  (spa t ia l )  relationship 
t o  the element they control 
should be located so there i s  a 
posit ional ident i f ica t ion  rein- 
f orcement ( eeg  ., windshield clear- 
ing control near windshield etc.) 

I 

[ 
$ ' Ref: HEL S-6-66;  MIL-STD-1472; 1 Morgan, e t  a l ,  Human Eng Guide; 

I 

4 

woodson-Conover, Human Eng Guide. 
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SUGGESTED DESIGN STANDARD : CONTROL COMPONENT DESIGN (Cont I d) 

(values in inches) 

-I .so-.w) i, 
I *  t o !  
4 7 7 ! 

A - Detented switches should utilize a pointer style handle with 
dimensional limits shown. 

B - Continuous- turn (potentiometer) switches should utilize a 
round knob such as shown above (with or without skirt). 

C - Stacked knobs must be differentiable one from the other. The 
dimensional relationships proven satisfactory are shown above. 

D - The sinallest continuous-turn knob which is practical is illus- 
trated above. Such knobs should be knurled to provide adequate 
gripping surface. 

Note: B and C should have knurled surfaces to provide secure gripping 
surf ace. 

Figure 40,  Accessability Worksheet No. 11 
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F i g u r e  40, Accessi  b i  1 i t y  Worksheet No. 11 ( c o n t .  ) 
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3 

3 .  Surface serration or hurling 
is recommended to improve the 
gripping characteris tics of 
rotary switch controls. 

4 ,  All knob type control handles 
must be designed for ease in 
gripping. Concentric, stacked 
knobs must have sufficient size 
difference to insure ease in 
operating each knob independently. 

Ref: GDA 63-0894-1 

RELATED HUMAN ENGINEERING CRITERIA 

1, Pointer style knobs should 
be used on detented., selector 
type controls, 

2. Round style knobs should be 
used on potentiometer type 
switches which require more than 
one complete turn. 

TRADE OFF RATIONALE 

1. Dimensional ranges shown have 
been determined through many experim 
mental studies, and provide for 
optimum manipulation as well as 
identification. 
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Table 33, Control User Requirements from Malone et al. (1972) 

Normal. 
Operation 

Control Vehicle State Frequency Duration Complexity 

Ignition 
Cruise Control 
eadlights 
High-Low Beam 
Parking Lights 
Wiper 
Washer 
Temperature 
Air Conditioning 
Fan 
Defrost 
Hazard 
Heater 
Fresh Air 
Horn 
Turn Signal 
Radio 
Lighter 

Stopped 
Moving 

Low 
Moderate 
Low 
High 
Low 
Low 
Low-Mod. 
Moderate 
Moderate 
High 
High 
Low 
High 
Moderate 
Moderate 
Moderate 
Moderate 
Low 

Discrete 
Moderate 
Discrete 
Low 
Discrete 
Moderate 
Low 
Moderate 
Moderate 
Moderate 
Moderate 
Discrete 
Moderate 
Low 
Low 
Low 
Low 
Moderate 

Low 
High 
Low 
Moderate 
Low 
Low 
Low 
High 
Moderate 
Moderate 
Moderate 
Low 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Low 
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TABLE 3 4 

C r i t i c a l i t y  Values f o r  Passenger Car Control  

Comfort 
Sa fe ty  Performance conven* 

E r r o m  performance High 
Avoid Cause (-1 Error  Freq. Complex comfort 

Visib. Emergency Hazards Hazards Vehicle Driver  Rate Use ops conven. - Control 

Wheel t i l t  
I g n i t i o n  
S t a r t e r  
Auto speed 
Headlights X 
Panel l i g h t s  
Hi- l o  beam X 
Parking l i u h t s  
Rear window 
wiper X 
Washer X 
Temperature 
Air condition- 

ing  
Fan 
Defrost  
Mode 
Rear window 
defog 

Hazard 
Gear s e l e c t  
Horn 
Turn s i g n a l  
Top UD/~OWI 

Park brake rel. 
Hood l a t c h  
Choke 
Map l i t e  
Elec  window 
Rear view 
mi r ro r  

Radio 
Clock 
Lighter  
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Using that information, each control was assigned to one 
of seven criticality levels. The assignment was subjective, 
not objective. Definitions of those levels and those controls 
assigned to the top three are shown in Table 35. 

Table 35, High Criticality Controls in Cars (Malone et al., 
1972) 

Criticality Description 
Level 

Controls 

Standard equipment a major effect Headlights, 
on safety and high error rate with High Beam, 
critica1~- error effect and critical Wiper, Wash, 
effect if function is not provided Hazard, Horn, 

Turn Signal, 
Gear Select 

Standard or optional and moderate Wheel Tilt 
effect on safety and high error rate 

Standard or optional and moderate Ignition, 
effect on safety with none of above Parking Lts, 

Rear Window 
Defrost, Top 
Up/Down, Hood 
Latch 

4 Minimal effect on safety - no examples 
major effect on driver performance given 

5 Minimal effect on safety - no examples 
major effect on vehicle performance given 

6 Minimal effect on 'safety or no examples 
performance, major effect on comfort given 

7 Minimal effect on safety or no examples 
performance - major effect given 
on convenience 

This analysis resulted in the creation of an "ideal" panel 
(the Essex panel). (See Figure 41 for the panel and Table 36 
for the design rationale.) At the time this panel was 
designed, not much thought was given to the use of controls 
mounted on stalks, pods, or steering wheel spokes. 
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F i g u r e  41, 
Drawing o f  'Essex* Car Panel 
Malone, Kruma, Shank, and Kao (1972). 

Table 36, Control Arrangement Rationale Given by Malone et al., 
1972 

Control 
Grouped Arrangement 

Location With Within Zone Rationale 

Horn Steering Col. -- 
Gear Shift R. Side Col. -- 
Turn Signal L. Side Col. Cruise 
Headlight Far Upper Panel, 

Left Panel Parking 
Parking Light Far Upper Headlight 

Left Panel 
Hi/Lo Beam Left Side -- 

on Floor 
Hazard Far Upper R. -- 
Wiper Upper R Panel Washer 
Rule 

Center Hub -- 
-- 
Separated 

Separated 

Separated 
Central 

Separated 

Washer Upper R Panel Wiper Within 
Wiper 

Panel Light Upper L Panel Headlight Separated 

Cruise L. Side Col. Turn Signal -- 

Con. , Prio* 
Con., Prio. 
Con. , Prio. 
Con. , Prio. 

Con, , Prio. 

Con., Prio. 

Con., Prio. 
R. Hand 

Separate 
from Lts, 
Priority 
R. Hnd Rule 
Priority 
Convention, 
R.H. Rule, 
Priority 
Con. , SAE 



- HOW HAVE HUMAN FACTORS ANALYSES BEEN USED? - 

Nevett (1972a) 

Both of these initial studies note that frequency-of-use 
is an important consideration in designing controls. In the 
reliability section of Nevett's paper, a table is included on 
the "numbers of switch operations taken from instrumented 
proving laboratory cars." (See Table 37.) The text refers to 
"operational life levels of switched functions measured on 
instrumented cars over a period of some years." No other 
information is provided. Because of where they appeared, these 
data are not well known. 

Table 37, Frequency-of-Use of Controls (Nevett, 1972a) 

Control Operations/1000 miles ------- ..................... 
Trafficator Switch 1380 
(Turn Signal) 

Horn 456 
Dip Switch 440 
Ignition 419 
Headlamp Switch 140 
Wiper Switch 99 
Screenjet (Washer) 48 

Mortimer and Post (1973) 

In contrast to the focus on the entire instrument panel, 
Mortimer and Post (1973) report a human.factors analysis of 13 
different beam switching methods. They assembled a collection 
of 44 statements (e.g., "It should not be possible to 
inactivate the headlamps inadvertently."), from which 40 were 
used in the final analysis. Those statements came from lists 
of design criteria that appeared in Woodson et al. (1972), 
Malone et al. (1972), and their own ideas. Statements were 
presented to five members of The University of Michigan Highway 
Safety Research Institute, Human Factors Group. They 
categorized each of those statements and assigned weights to 
them (4 = essential, 3 = primary, 2 = secondary, 1 = tertiary, 
none of these=O). By rating how well proposed designs complied 
with each statement and then summing the ratings across 
evaluators, alternative control designs could be scored. The 
final number had a range of 0 to 100. (See Mortimer and Post, 
1973, for the calculation details.) 

The five Human Factors experts used this method to examine 
13 alternative designs for three-beam headlight switches. In 
those analysis, it turned out that the critical difference was 
not whether some of the controls were stalk- or column-mounted, 
but rather whether they permitted beam switching to occur in a 
single motion. The descriptions and ratings of each control 
design appear in Table 38. 
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This report is noteworthy because it is one of the few 
attempts to rigorously quantify the factors which are important 
in using controls and displays; and to use them for making 
design decisions. Its main weakness is the absence of any 
performance measures against which the weights of the various 
factors can be compared. In spite of this drawback, this study 
deserves further attention. 

Woodson and Selby (1975) 

Woodson and Selby (1975) examined the merits of using 
various fixed-seat control layouts with adjustable foot 
controls and instrument pods as alternatives to the standard 
fixed-panel, adjustable-seat design. Part of the research 
program was a human factors analysis of several versions of 
such a design in which controls are packaged in modules placed 
left and right of an adjustable (fore and aft) steering wheel. 
The modules move fore and aft approximately three inches 
relative to the fixed seat. The advantages and disadvantages 
of these versions were scored by judges on 10 dimensions 
(crashworthiness, styling flexibility, styling, operability, 
and so forth). Of the seven options considered, providing 
adjustable pods (in addition to an adjustable pedal assembly 
and steering wheel) was ranked third best. Not providing an 
adjustable pod and designs without an adjustable steering wheel 
were ranked higher. Interestingly, late model Camaro 
Berlinettas have adjustable pods. 

Simmonds (1976a, b, c )  

The three Simmonds documents were produced as part of an 
International Standards Organization effort to develop 
standards for stalk controls. While the delegates to the IS0 
Technical Committee responsible for controls are supposed to 
act as independent experts, they often are advocates of their 
employers, generally vehicle manufacturers. For that reason, 
discussions within IS0 Committees are more political than they 
should be. The work of Simmonds is an interesting effort to 
make decisions about standardization on a scientific basis. 

The Simmonds (1976b) document provides several items 
necessary to make those decisions. Shown in Table 39 are 
frequency-of-use data from five sources of widely varying 
quality. Based on that, Simmonds also made an "overall" 
estimate for the frequency-of-use of each control. Note that 
no data is provided for either climate controls, or for the 
radio, a panel component that is operated quite often. Much 
more of this type of data needs to be collected. 
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Table 39, Frequency-of-Use of Controls - Simmonds Data 
(Thousands of operations during the first 80,000 km) 

Control VW BDF Chrysler Lucas Ford Overall 
(1) (2) (3) (4) (5 ............................................................... 

Lights on/off 2 5 2.6 7.0 5 
Beam select 200 4 2.3 5.1 3 
Horn 10 2 2.1 2.6 3.1 3 
Wipers 30 5 4.5 12.3 9.2 10 

Washers 30 5 
Turn signal 200 10 

Hazard 2 1 
Park brk re1 8 

Headlamp washer 
Hood release 
Belt release 
Cruise control 

Optical Horn 
Front fog lamps 
Rear fog lamps 
Gear selector 

Notes: 

(1) VW numbers are estimates. 
(2) BDF numbers are estimates on a 1 to 10 scale, not 1000's 

operations. 
(3) Chrysler (UK) data are extrapolated from a single 

vehicle development used for 20,000 miles. 
(4) Lucas data are from 300,000 miles over 12 months from 7 

development cars. 
(5) Ford (Europe) data are 50th percentiles from 71 customer 

cars in the UK, Germany, and Scandinavia for one year. 
Belt releases are assumed equal to door openings. Beam 
selector operations includes optical horn. Gear use is 
estimated from clutch operations. 

By almost an order of magnitude, the gear selector was the 
most frequently used control followed by the turn signal and 
restraint release. Other high frequency-of-use controls 
included the parking brake and the wipers. 

Also included in Simmonds (1976b) are data on the duration 
of use of each control. (See Table 40.) The amount of 
information provided is quite limited. 
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Table 40, Duration of Use of Controls - Simmonds Data 
(Time "on" as a percentage of engine running time) 

Control Chrysler Lucas Ford Overall .................................................. 
Lights on/off 5.9 28. 38.6 30. 
Beam selector 10.6 2. 5. 
Wipers 8.3 11. 7. 9. 
Washers 1. 1. 

Turn signal 
Hazard 
Front fog lamps 
Rear fog lamps 

Simmonds also provides ratings on the need for immediate 
action and the danger from inadvertent operation for each 
control. The horn and wipers were identified as controls that 
needed immediate operation by the driver, The parking brake, 
main lights on/off. turn signal, hood release, and belt release 
were controls that created a danger if they were inadvertently 
operated. (See Tables 41 and 42.) How these data were 
obtained is not clearly explained. It is the authors' guess 
that they are from votes of 10 members of IS0 Technical 
Committee 22. 

Table 41, Need for Immediate Action - Simmonds Data 
Control ---------- Rating ----------- Median 

1 2  3 4 5 6 7 8 910Mode Overall ........................................................... 
Lights on/off 3 3 6 1 2  1 6  6 6 
Beam selector 2 1 1 3 3 5 1 1  8 7 7.5 
Horn 1 1 2 3 2 1 8  10 8.5 9 
Wipers 1 2 1 2  4 3 5  10 8 9 

Washers 1 1 1 2 6 2 1 3 1  5 5 5 
Turn signal 1 1 2 5 5 2 2 7.5 7.5 7.5 
Hazard 2 1 1 4 3 4  1 1 4,6 5 5 
Park brk rel. 2 4 2 1 3 2 2.5 2 

Headlamp wash 2 5 2 2 1 
Hood release 5 4 2 1 
Belt release 1 1 1 2 3 2 4  
Cruise ctrl 5 2 1 1 2 3 2 4  

Optical horn 2 1 2 4  2 1 6  9 
Front fog 2 2 1 5 1 2 1  4 
Rear fog 2 1 5 2 3 1  4 
Gear selector 3 2 1 2 2 1 2 2 2  1 
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Table 42, Danger from Inadvertant Operation - Simmonds Data 
Control ---------- Rating ----------- Median 

1 2  3 4 5 6 7 8 910Mode Overall ........................................................... 
Lights on/off 1 3 1 1  4 10 7.5 8 
Beam selector 1 1  1 2 3 1 1  8 7 7.5 
Horn 1 2 4 1  1 3 3 3 
Wipers 2 3 1 3 1 3,8 5 5 

Washers 
Turn signal 
Hazard 
Park brk re1 

Headlamp wash 4 3 2 1 2 1.5 
Hood release 1 1 1 2 2 3 10 7.5 8 
Belt release 1 1  3 2 8 8 8 
Cruise crtl. 3 1 1 2 1  1 1  1 4 4 

Optical horn 2 2 1 1 2 1 
Front fog 1 1 1  1 
Rear fog 1 1  1 2 
Gear selector 1 

Finally, Simmonds (1976a) (see also Simmonds, 1976c) pulls 
these data together in a single table (43) that he uses for 
making decisions. To calculate error likelihoods, the joint 
frequency-of-use for each control pair is computed by 
multiplying the marginal frequencies. (See Table 44.) These 
values were multiplied by the conditional confusion likelihoods 
(subjective, configuration-specific estimates on a 1-to-10 
scale, see Table 45). Simmonds summed these values across all 
possible pairs of controls to compute a total error score for 
several control configurations. What is important about these 
data is not the specific recommendations offered by the 
Simmonds document as much as the application of a formal 
quantitative procedure for making decisions, as opposed to an 
off-the-cuff opinion. Should an approach like this be 
genuinely considered, it should be modified to yield a figure 
of merit by weighting errors according to their "cost." 
(Turning on a turn signal is much less dangerous than applying 
the emergency brake.) 
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Total klatlw Errot Nrrabrr tsdS.7 - 

Total k l a t l v e  E.mr Nder * 4344.5 

W o t r :  L *eontml ioa tadon the stharingalmm to the l e f t  
of thr m+eranca plane. 

L ( P )  = am1 lmta on the l n s m n t  panel to the l e f t  
o f  Me r r famca plane. 

R 8 contnl Tocated on the steering column to a e  t i g h t  
of Wcrwlcr plane. 

1. Thua subjective es:imat~~ do no t  m e s e n t  "of?fcfalm 
astfmatas (neft'rer a f  the author nor [SO) b u t  rather 
values gcnerakd ftr dlscwsion only. 
Soum: ISO, 198. 
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Anacapa Sciences (1976) 

As part of the expectancy survey desribed earlier, Anacapa 
included questions about the frequency-of-use of controls. 
Shown in Table 45 are data from the 1708 drivers who mailed 
back the questionnaire. The Anacapa report includes data 
tabulated by vehicle type (e.g., large American sedan, light 
truck, etc.) but since the differences between vehicles were 
small, those subtotals have not been included here. The item 
with the highest frequency-of-use was the radio, with 76% of 
those responding saying they use it at least daily. Just over 
half of the drivers say they use the headlight switch daily and 
almost half reportedly use the vent daily. 

Table 45, Frequency-of-Use of Controls/Accessories - Anacapa 
(1976) 

Control -------------- Frequency ------------------ 
once/day once/wk once/m Seasonally rarely not in  
or more or more or more or more or never my car I Total 
N %  N %  N %  N %  N  % N  % I  N  

................................................. 
Headlight 918 55 645 38 73 4 2 0 

Wiper 52 3 370 23 716 44 41 3 

Radio 1279 76 160 10 30 2 2 0 

Heater 89 5 245 15 518 31 117 7 

Defroster 77 5 223 13 481 29 78 5 

Lighter 323 19 91 5 30 2 0 - 
Ashtray 482 29 105 6 62 4 0 - 
Hazard 58 4 64 4 154 9 1 0 

Vent 812 48 346 21 157 9 41 2 

Black, Woodson, and Selby (1977) 

One of the clearest and most concise human factors 
analysis of control design is contained in Black, Woodson, and 
Selby (1977). They divided controls into three priority levels 
based on their frequency-of-use, requirements for viewing the 
controls, and a critical incident analysis. In their analysis, 
potential hazards which required the operation of a control 
were described along with the outcomes (e.g., wet spray from 
passing truck obliterates driver's view of road, a serious 
accident could be the outcome). Those functions associated 
with the greatest potential hazards were window clearing 
(wiper/washer and defroster/defogger) and warning control 
(horn, turn signal, optical horn, headlight, hazard light). 
Also considered were the difficulties associated with 
coordinated operation of each control in conjunction with other 
controls and displays. Black et al. provide a single summary 
page for each control studied. That summary includes research 
results, expectancy for location and duration of operation, and 
a subjective estimate for the frequency-of-use. (See Figure 42 
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for an example.) That frequency estimate was obtained by 
multiplying the installation probability (1 = all cars, 2 = 
many, 3 = some) by the frequency-of-use if installed (1 = 
frequently, 2 = occasionally, 3 = rarely). While this 
computation has its shortcomings, the manner in which the 
suggested locations and methods of operation emerge from the 
evidence is fairly straightforward. 

Based on their work and the literature, Black et al. 
suggested a future draft for Federal Motor Vehicle Safety 
Standard 101. (See Figure 43). Their proposal was extremely 
detailed, and includes precise human engineering minutiae (knob 
sizes, etc.). Its style (do this, don't do this), is similar 
to that of Woodson and Conover (1970). Interestingly, they 
propose that the defroster (front and rear), gear select, high- 
low beam switch, horn, beam flasher, ignition, turn signal, 
ignition, and wiper/washer all be within fingertip reach of the 
steering wheel, which they define as a seven-inch radius about 
the wheel center. 

More specifically, their recommendations are as follows: 

1. Wiper: Use a rotary selector switch/knob on fingertip reach 
panel pod to the left of the steering wheel near the top of an 
extended panel. This switch should be illuminated. 
(Recommended further testing of pod- vs. stalk-mounted 
control. ) 

2. Washer: Mount on button in center of above-mentioned 
rotary knob. 

3. Headlight High/Low: Use fore-aft motion of a left-side 
stalk (Forward = High, Mid = Low). 

4. Ignition/Starter: Use key switch (rotary) on panel. 

5. Defrost/De-Fog: Place on single button on panel with other 
windshield functions (e.g. wiper/washer). 

6. Cruise Control On/Off: Use button on end of right-hand 
stalk. 

7. Audible Horn: Mount push buttons on steering wheel spokes. 

8. Optical Horn: Place on left stalk, pull toward driver. 

9. Climate Controls: Mount in upper right panel (cluster of 
four ) . 
10. Radio: Mount in lower right panel, control knobs on both 
sides of frequency display 
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11. Headlights/Parking Lights: Use left panel knob (pull on or 
rotate on). 

This report contains many detailed recommendations about 
control size, shape, and so forth that are carried over from 
the Man Factors '79 report. Readers interested in those 
details should refer to the original report. 

Green (1979) 

Included in Green (1979) is a set of "suggestions" for the 
design of controls. (MVMA, the sponsor, thought the word 
"recommendation" was too strong.) Unlike some of the other 
reports described in this section, Green did not use a scoring 
system to reach conclusions. 

His decisions were based on four general considerations: 
frequency-of-use, sequence, importance of the action, and 
functional grouping. In addition, the accident evidence, 
expected location, driver performance, and problems reported 
were also considered. 

Green recommends the following: 

1. Audible Horn: Active area should be both the steering wheel 
hub and spoke faces. Sounding the horn should flash the 
headlights. 

2. Headlight Beam Switching and Optical Warning: This function 
should be on a left stalk. It was not clear if beam switching 
should be forward=high, pull towards driver=low, or, pull 
towards driver to toggle the beam setting. Flashing the 
headlights should also honk the horn. 

3. Turn Signal: Left stalk, up for right turn, down for left. 

4. Wiper/Washer: Green proposed two candidate designs for the 
wiper/washer with the final decision based on further research. 
One possibility was to use a left stalk. Twisting it would 
increase wiper speed and pushing the end button would operate 
the washer. The second possibility was to use a right stalk. 
Lifting it up would increase wiper speed. Pushing an end 
button or possibly pulling it towards the driver could operate 
the washer. 

Friedman and Schmidtz (1981) 

Friedman and Schmidtz (1981) (see also Khadilkar, 1982) 
describe, in very general terms, a human factors analysis of 
controls they carried out. They refer to compiling a 
"workbook," which was never released. From that information 
motor vehicle controls were classified into three categories: 
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"St'  Controls - Those controls which may require quick 
activation while the vehicle is in motion in order to avoid a 
situation that may potentially result in an accident. Among 
them are the horn, turn signal, dimmer, wiper/washer, optical 
horn, and hazard light. 

'IF" Controls - Those "non-S" controls that are clearly 
identified by a high frequency-of-use when the car is in 
motion. They include automatic gear selector, radio, 
ashtray/lighter, and climate control. 

"R" Controls - Those controls which are not generally used 
when the car is in motion or not having a particularly high 
frequency-of-use. They include the headlights on/off switch, 
the parking brake, and the ignition. 

Further details concerning their analysis are not 
provided. 

Green (1984) 

Green (1984) describes the preliminary design of the TM-3 
tripcomputer from the human factors standpoint. That product 
was planned to be standard equipment on the 1987-1/2 Lincoln 
Continental. Since the product is not yet on the market, the 
design data are still confidential. In brief', it lists the 
functional requirements of the product, the target population, 
the conditions of use, and general ease-of-use guidelines. 
There were five design iterations. Each proposal is described 
in detail (down to the level of switch legends and message 
wording ) . 

In addition, the report identifies product-related 
research needs. However, the most important recommendations 
concern how the design process might be improved. A major 
mistake in this program was that no funds were allocated for 
testing users during the design phase. Thus, decisions about 
how keys should be labeled and messages worded were based upon 
the opinions of engineers and not the performance of users. 
The use of many small-scale studies to obtain empiric user 
feedback (often involving just 6-10 subjects) early in design 
is common in the computer industry. That approach should have 
been followed here. If such studies are to be carried out, 
then software to rapidly prototype user interfaces is needed, 
Again, this is a commonly done in the computer industry, and is 
critical if interfaces are to be easy to use. To the best of 
the authors' knowledge, these recommendations have not been 
carried out. 

Saunby, Farber, and Jack (1986) 

Throughout this review, the methodologies used by various 
experimenters in the course of their work have been described 
in some detail. They range from the mundane to the extremely 
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elaborate, but a common point to all is that computers have 
little to do with the actual human factors data collection in 
them. They are nearly always used in the analysis of the 
collected data, but the process of collecting data is usually 
relegated to an experimenter using paper and pencil. 

Saunby, Farber, and Jack have developed a computer program 
that collects and scores the data used for human factors 
evaluations. This program is written in BASIC for an Apple I1 
computer. The menu-based program collects four types of 
information: identification data, objective data, expert 
judgment data, and descriptive data. The questions are 
presented one at a time on the computer display, along with the 
allowable responses. The checklist for displays, containing 
107 questions, takes 10 minutes to administer. It addresses 
five topics: visibility, identification, analog-specific 
features, digital-specific features, and warning light 
features. The 154-question checklist for controls takes 25 
minutes. For controls, the four areas addressed are ease-of- 
use, findability, setting verification, and the grouping of 
look-alike controls. 

For each control and display the program computes a figure 
of merit (0.00 = fails to conform, 1.00 = fulfills human 
factors criteria). That figure is based upon the weighted 
responses to the questions about each control and display. The 
weights were set by'the authors of the program based on their 
opinions. A flowchart for a typical question sequence for 
displays is shown in Figure 44. (They do no give an example 
for controls.) 

The standardized scoring procedure allows comparison of 
scores between vehicles to identify the suitability of varying 
designs. The authors caution that the checklist is by no means 
exhaustive, and should be used in combination with other 
information to arrive at conclusions. The program has not been 
validated against performance data and there is no data on 
between-user reliability. Furthermore, the authors point out 
that the methodology was developed for individual components 
(e..g. speedometer, headlight on/off switch) and is not suitable 
for more complex systems. (e.g., climate control system.) 

On the other hand, Saunby et al. identify the potential 
this system has for teaching new human factors personnel about 
the application of human factors principles to automotive 
design. The checklist and scoring procedures clearly 
demonstrate the level of detail involved in such analyses, and 
could be used to educate personnel in other professions about 
the human factors field. There are not enough human factors 
personnel in the industry to handle all the problems that need 
their attention. This program serves as an electronic 
surrogate. 
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Models Of Human Error 

While the emphasis of this report is on research specific 
to automotive applications, failure to mention developments in 
a few other contexts would leave this report incomplete. The 
human factors profession has a long tradition of studying human 
errors (Fitts and Jones, 1947a, b). Most commonly this 
approach has been applied to predict human errors in the 
fabrication and delivery of nuclear weapons. To the best of 
the author's knowledge, this approach has not been applied to 
automotive design, thought it could be. The most complete 
overview of the subject is Meister (1971) That report 
describes 19 models of potential application to this same 
problem. (Briefer overviews are given in Meister, 1973 and 
Swain, 1963.) A summary of the analytic models of operability 
(reproduced from Meister, 1971) is shown in Table 46. 

The AIR (American Institutes of Research) Data Store 
(Munger, Smith, and Payne, 1962) is a compilation of 
performance data from 164 psychological studies listing 
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. Multiplying the probabilities for each 
task characteristic yields a figure for person/equipment 
reliability, For reference purposes, a sample table drawn from 
the AIR Data Store is presented in Table 47. Unfortunately, 
not much effort had gone into updating that data base, and in 
many ways it is deficient. For example, no data are provided 
for discrete multidirectional levers (or combined levers). 
Furthermore, because the information was collected for single- 
task performance, it is uncertain how relevant that data-base 
is to a timesharing activity such as driving. In addition to 
flaws in the supporting data, this approach (and several 
others) assumes that a simple multiplicative model is adequate, 
without interactions, and it is not known how valid that 
assumption is. 

THERP (Technique for Human Error Rate Prediction) is an 
extension of the AIR Data Store. It differs primarily in 
permitting both continuous tracking and discrete switch- 
throwing behaviors and allowing for both independent and 
dependent operator activities. 
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Table 46. Summary of Analytic Models of Operability 
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TEPPS (Technique for Establishing Personnel Performance 
Standards) differs from THERP in that it deals only with 
discrete tasks and relies entirely on expert judgments of task 
performance reliability. The weakness of TEPPS is that 
reliability between judges is low. These models do, however, 
provide insight into the problems of multifunction control 
design and evaluation; especially those models detailed 
previously. The models address many issues (e.g., the need for 
objective error estimates, the frequency, nature, and 
independence of multiple errors, etc.) yet to be resolved in 
automotive human factors literature. Currently, models such as 
these are used extensively by human factors specialists for the 
design of nuclear power plant control rooms. (See Kemeny, 
1979.) Within the human factors community there is sharp 
disagreement between those favoring the models and those not. 

Card, Moran, and Newel1 (1983) 

While it has yet to see any automotive application, the 
work of Card, Moran, and Newel1 (1983) is particularly 
noteworthy. Their Model Human Processor is a summary of human 
performance that describes human behavior in much the same way 
onetwould characterize the behavior of a digital computer. The 
model consists of parameters for the decay time and capacity of 
several memory systems, cycle times for the processors, and 
rules of operation. (See Figure 45.) It was developed from 
data in the psychological literature and is used to design and 
evaluate user interfaces to computer systems. In its current 
form, it is most appropriate for analyzing "routine cognitive 
activities" performed by experts, not occasional activities 
such as operating secondary controls. Also, the model is 
intended for single task performance, not a timesharing 
activity (such as driving). While driver use of controls does 
not fit the conditions of the model ideally, the results of 
Model Human Processor calculations can still be quite useful. 

A derivative of the Model Human Processor, the Keystroke 
Model, has been successfully used to analyze word processors 
(Roberts and Moran, 1983). The Human Processor Model should be 
most useful in predicting performance for highly interactive 
systems, such as trip computers, and less useful for predicting 
performance with conventional secondary controls. Similar 
models were used successfully during Project Mercury to design 
space capsule instrument panels (Lindquist and Gross, 1958; 
Gross, Lindquist, Peterson, and Blanchard, 1964.) 
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Eyo m o m a t  = 230 170-110 ] M 

Figure 45, Model Human Processor 
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Rapid Prototyping 

Whereas typical product development cycles are 3-5 years 
in the automotive industry, they are typically 1-2 years for 
computers. Because computer development times are so short, 
software was written to enable designers to quickly mockup user 
interfaces and obtain user reactions to them. (See Poor, 1986 
for examples.) As development cycles for automobiles are 
reduced, software for simulating the design and operation of 
controls and displays will be required. At the present time, 
there are no automotive examples of the use of rapid 
prototyping methods and, other than the research at The 
University of Michigan (Wesselman and Green, 1986), no research 
even remotely related to automotive applications is being 
carried out. 

Summary 

Human Factors analyses of automobile control design vary 
from very general discussions of various configurations (e.g., 
Woodson et al., 1969) to structured evaluations (e.g., Mortimer 
and Post 1973; Saunby et al., 1986). The general evaluations 
have emphasized identifying the factors associated with a 
control's criticality, and using that information to make 
decisions about how it. should be designed. Several factors 
have been consistently identified as important: the frequency- 
of-use of a control, how urgent the associated action is, the 
opportunities for and consequences of inadvertent operation, 
the time required to use a control, and the controls and 
displays each control is used with. There is ample information 
on all of those factors in the literature except frequency-of- 
use. The only substantive frequency data appears in Simmonds 
(1975b) and Anacapa Sciences (1976), and that information is 
incomplete. 

The most common use of this information has been to 
recommend how a standard instrument panel should be designed. 
(See for example, Woodson et al., 1969; Malone et al., 1972, 
Black et al., 1977; Green, 1979.) Over time recommendations 
have changed from recommending panel-mounted controls to 
recommending stalk controls. 

Associated with this work on design principles mentioned 
previously have been efforts to identify specific design 
recommendations for controls, especially dimensional data. 
Much of this work has been reported by Woodson and his 
colleagues and is based upon accepted human factors practice. 
While some of this data is old, the specific recommendations 
(e.g, for knob sizes) have not changed over the years and are 
unlikely to. These recommendations are based on human 
anthropometry and basic principles of behavior which take 
generations to change. The amount of literature on this 
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subject is considerable and many of the critical questions 
about "knobs and dials" have been answered. 

Complimentary to those approaches are ones that try to 
develop a figure-of-merit for a design, such as Mortimer and 
Post, but especially Saunby et al. These approaches are most 
useful in evaluating completed designs. They should prove to 
be very useful for solving practical problems. They have not 
yet been validated, so they must be used with some caution. 

There are several human factors analysis methods that have 
been developed in non-automotive contexts that could be useful 
for designing controls. The human error modeling work done in 
the nuclear industry could be used to provide quantitative 
measures of the quality of various designs. Likewise, the 
Model Human Processor shows promise as a technique for 
evaluating highly interactive clusters, especially 
tripcomputer, entertainment systems, and navigation systems. 
Before these models are used to solve practical design problems 
a review of test cases is needed. 

One area where the automotive industry has lagged behind 
the computer industry is in the development of prototyping 
tools (e.g., Wesselman and Green, 1987). As the pressure 
increases to shorten the design cycle, it will become more 
important to be able to rapidly simulate and test instrument 
panel clusters. 



WHAT DO THE CURRENT DESIGN 
STANDARDS REQUIRE? 

There are five key documents, two of which are standards, 
that affect the design of automobile controls and displays in 
the United States: IS0 Standard 4040 (Location of Hand 
Controls, Indicators and Tell-tales) and Federal Motor Vehicle 
Safety Standard 101 (Controls and Displays). Also of 
importance are Regulation 21.01 - Directive 74/60 published by 
the European Economic Community, and two Society of Automotive 
Engineers (SAE) documents; SAE Recommended Practice 51138 
(Driver Hand Controls) and SAE Information Report 51139 (Driver 
Hand Controls). These will be reviewed one at a time in this 
section. 

IS0 Standard 4040 

The first (and current edition) of this standard was 
released in 1977, and makes the following recommendation: 

The operational area of the following controls, when fitted to 
a car, shall be located to the left of the steering column: 

- driving lights control (headlight switch 
- side and rear lights control 
- driving light/passing light dip control - optical warning control (beam flasher) 
- direction indicator control (turn signal 
- emergency braking control (right-hand dr 

high beam) 

.ve only) 

It also gives graphic information on operational areas of 
controls and display areas of indicators. (See Appendix C.) 
These requirements are minimal at best and are easily 
satisfied. The authors believe that this standard allows too 
much leeway in the location and design of controls. While IS0 
has made progress in developing standards in many areas, such 
progress is unlikely with regards to controls and displays. 
While representatives to IS0 committees are supposed to be 
independent technical experts, the second author's experience 
has been that some behave as representatives of their 
employers. Hence, for example, if a question about control 
placement were to arise, their response would be to pull out 
product brochures and see how the change affects their 
products, and not to ask whether it makes sense from an 
ergonomics perspective. Further, to address many of the 
questions at hand, cross-cultural research is needed, and no 
government, company, or trade association is willing to support 
that work. 
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European Economic Community Regulation 21.01 - Directive 74/60 
This directive regulates the interior fittings of vehicles 

manufactured in the EEC, and includes control arrangements as 
well as seats, sliding roofs, etc. The emphasis of the 
document is on the effects of control placement and design on 
crashworthiness, not ease of use. The detailed specifications 
in this document emphasize testing procedures to be used to 
assure compliance. They provide information on how far a 
switch can protrude from a surface, how rounded the surface 
must be, and other considerations to minimize injuries during 
impact. Readers interested in these details should peruse the 
directive contained in Appendix D. 

In many ways this standard is quite general. It, like 
many EEC standards with a British tradition, is subjective, and 
depends upon interpretation by the individual inspectors who 
assure compliance. In contrast, regulations and standards in 
the U.S., which most readers of this report are familiar with, 
are described in precise, legal terms. 

Federal Motor Vehicle Safety Standard 101 

Virtually all cars sold in the United States must meet the 
requirements of Standard 101. (See Appendix E.) That standard 
specifies requirements for the location, identification, and 
illumination of controls and displays. The majority of the 
standard is concerned with lighting and labeling issues. 

With regard to controls, the standard requires that a 
number of secondary controls be operable by the driver while 
wearing a three point restraint (horn, ignition, headlamp, turn 
signal, panel brightness, wiper/washer, front and rear 
defrost/defog, choke, cruise control, hazard, and the driver's 
sun visor). The standard says nothing about where they should 
be located nor how they should operate. Labeling requirements, 
such as where symbols might be used and which words are 
appropriate, are covered in great detail. These requirements 
will not be covered here as labeling is not the focus of this 
report. 

In response to several petitions, the Federal Government 
recently reissued an older version of the 101 standard as 
Standard 100. The older version differs slightly' in the 
lighting requirements and only applies to cars made before 
September 1, 1989 (Federal Register, Part M, March. 9, 1987, 
page 7151). 

The current 101 Standard is a very weak document. It does 
not say anything about where controls belong (other than 
drivers should be able to operate them), and neither reflects 
the current state of knowledge or accepted human factors 
practice. 
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SAE Documents 

SAE is a professional organization which consists 
primarily of engineers within the U.S. but also has some 
international membership. Within the SAE organization, the 
body responsible for standards concerning automobile controls 
is the Controls and Displays Subcommittee of the Human Factors 
Engineering Committee. 

SAE has three types of documents they can issue to 
influence design, Information Reports, Recommended Practices, 
and Standards. All of them are described in the SAE Handbook 
(Society of Automotive Engineers, 1987), the "bible" of the 
industry. Information Reports are "compilations of engineering 
reference data or educational material useful to the technical 
community" (Handbook item 7.3.3). Recommended Practices are 
described as "documentations [sic] of practice, procedures and 
technology that are intended as guides of standard engineering 
practice. Their content may be of a more general nature, or 
they may propound data that have not yet gained broad 
acceptance" (Handbook item 7.3.2). Standards are referred to 
as "documentation of broadly accepted engineering practices or 
specifications for a material, product, process, procedure, or 
test method" (Handbook item 7.3.1). So, Information Reports 
contain ideas engineers should know about, Recommended 
Practices are procedures engineers should follow, and Standards 
are procedures engineers must follow. However, in this context 
"must" doesn't mean "required" because the standards are 
voluntary. 

As noted previously, there are two SAE documents relevant 
to this re~ort. SAE Recommended Practice J1138. Desian ' -  

criteria-~iiver Hand Controls Location for Passenger Cars, 
Multi-purpose Passenger Vehicles, and Trucks (10,000 GVW and 
Under), and SAE Information Report J1139, Supplemental 
Information-Driver Hand Controls Location for Passenger Cars, 
Multipurpose Passenger Vehicles, and Trucks (10,000 GVW and 
Under ) . 

The Recommended Practice (in Appendix F )  states that 
drivers should be able to reach and grasp 11 controls (steering 
wheel, gearshift, turn signal, ignition, horn, dimmer, 
wiper/washer, headlamp, defroster, hazard, and hand brake) 
while wearing a lap and shoulder belt. It is not clear if 
extension of the shoulder belt is allowed. The Practice also 
states that seven other controls (beam flasher, climate, radio, 
vent remote control, lighter, ashtray, and "accessory 
controls") must be in reach when only a lap belt is worn. 
(Accessory controls are never defined.) 

The Practice also states that the horn should be on the 
steering wheel. In addition, the driver should be able to read 
the displays for the wiper/washer, headlamp, defroster, 
climate, radio, remote vent, lighter, ashtray, and accessory 
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controls, all with minimal head movement. Finally, the 
Practice states that the turn signal, dimmer, wiper/washer, 
headlamp, and beam flasher controls should be to the left of 
the steering wheel centerline, and the gearshift, ignition, 
defroster, hazard, climate, radio, lighter, and ashtray should 
be to the right. 

This Practice has few requirements and in some cases does 
not reflect current knowledge. The Practice was last approved 
in 1977, and what is most surprising is that it is only a 
Practice, not a Standard. The dated nature of the Practice is 
evident in several areas: 

1. The requirement concerning reach while only wearing a lap 
belt makes no sense at all. Many states require that both a 
lap belt and a shoulder belt be worn while driving. Further, 
in almost all U.S. cars, they are a single system (three point 
system), so one must wear both or neither. Thus, according to 
SAE Practice, a number of controls that are commonly used while 
a car is moving, such as the radio and climate controls, can be 
located where the driver cannot reach them while belted. 

2. Related to this is the failure of this document to mention 
that mounting controls at the maximum extent of reach is the 
absolute minimum acceptable standard. Drivers want the 
controls much closer to them than the farthest they can reach. 
(See Hallen, 1977.) 

3. The Practice does not reflect the current state of 
knowledge. For example, none of the literature written since 
1979 is referred to (e.g., Green, 1979; Jack, 1985), and some 
of the literature written 10 years ago is ignored. This should 
not be so, since SAE documents are supposed to be reviewed and 
re-approved every five years. 

4. The Practice does not mention any other commonly accepted 
human factors design standards such as Military Standard 1472C 
(U.S. Department of Defense, 1981). As noted later, that 
document contains extensive recommendations on the size, 
spacing, and desired operating forces for controls. That 
information is never mentioned and should be. 

5. In most cases, the Practice is far too loose. For example, 
as described later, when controls are located more than five 
inches from where drivers expect them to be, there is an 
increase in the time to reach for and operate controls. Yet 
the Practice only constrains controls (and then only some of 
them), to a particular side of the steering wheel. 

6. Finally, the practice never acknowledges why human factors 
issues are important, namely because people prefer vehicles 
with controls that are easy to use, and that controls that take 
a long time to use distract drivers from paying attention to 
the road and could cause accidents. 
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SAE Information Report J1139 (in Appendix G) contains 
commentary that supports 51138. For the most part, it 
describes the research carried out by Anacapa (e.g., Anacapa 
Sciences, 1976). That research is also described in detail in 
this report. 

While J1139 does contain a few specific suggestions (e.g., 
don't put the parking brake and hood release next to each 
other, don't make the climate control look like a radio, put 
the lighter near the ashtray), the report should include much 
more fundamental human factors data (similiar to that in 
Military Standard 1472C). Finally, the report identifies some 
of the direction of motion stereotypes for controls, but not 
all of them. At this time, for example, the data from Jack 
(1985), described earlier, should be added. 
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HOW SHOULD CONTROLS BE 
DESIGNED? 

How Should Designers Prepare For Control Design? 

The most current overview of secondary controls research 
is contained in this report, which is a good place to start for 
designers of secondary controls. Another important resource is 
a human factors textbook such as Sanders and McCormick (1987), 
which contains a broad range of information relevant to 
controls design. MIL-STD-1472C, considered the Bible of the 
human factors field, is also essential reading for designers, 
as it contains lengthy and exacting descriptions of standards 
for control arrangements, coding, dimensions, actuation forces, 
etc. 

Finally, designers should consider attending a short 
course on human factors, both to learn current design practices 
and to meet others in the field who may become important 
resources. One such short course is taught at the Chrysler 
Center for Continuing Engineering Education at the University 
of Michigan. 

General Design Rules And Methods 

There have been many studies carried out on control 
design, unfortunately most of them are over 10 years old. In 
many cases, the research literature must be applied with some 
caution because the designs tested and driver expectancies on 
which they are based do not reflect the current practice. 

However, the general design rules have not changed and to 
many they seem like common sense. That is true in some cases, 
but common sense often may not be common knowledge until it is 
explained. Most of these rules have been mentioned in the 
"Human Factors Analysis" section. What the authors have done 
in the section that follows is to list those rules, and support 
them wherever possible, with specific automotive research. In 
some cases in the past, this supporting information was not 
provided. 

When applying these rules users should keep in mind what 
makes an instrument panel good from the human factors 
perspective. A good instrument panel minimizes the 
opportunities for accidents. This means that use of the 
controls does not distract the driver from paying attention to 
where they are going. Also, for controls used in an emergency 
(e.g., honking a horn to alert another driver who may not see 
them, turning on the wiper to clear spray from the windshield, 
etc.), one should be able to use them quickly. The accident - 
literature suggests the distraction problem is more common. 
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A good instrument panel is also easy to use. Drivers 
should be able to find a control without difficulty the first 
time they look for it and require no instruction on how to 
o~erate it. Performance measures of interest include the time 
and errors associated with looking for, reaching for, and 
operating controls. 

Rule 1 - Put controls where they are expected. 
It is clear that there is a strong relationship between 

the time to use a control and how far it is from where drivers 
expect it to be. In brief, the work of Anacapa (1976) show 
that there is no or little decrement in performance if a 
control is within five inches of where a driver expects it to 
be and on the expected surface. The farther a control is from 
where it is expected the longer it takes to use it. This 
relationship is linear with distance as well. Anacapa Sciences 
(1974) also noted that time-to-locate and error rates were 
"...positively correlated (r=.54) with the degree to which the 
control locations agreed with the expectancy patterns 
determined in our earlier studies" (p.2). Thus, expectancies 
and performance do tie together. 

Expectancies vary with the target population. Most of the 
surveys in this study examining control expectancies have used 
American drivers as subjects. Americans tended to expect 
panel-mounted controls, while Europeans were more used to stalk 
controls, especially the French and Italians for the headlight 
switch (39%) and the French and British for the horn (50%). 
Since expectancies strongly influence where controls should be 
located, this suggests that it will not be possible to design a 
"world car" to meet these conflicting expectations. 

There appear to be some standard expectancies for control 
locations across the different experiments, including 
headlights on left panel, horn on steering wheel hub, and 
climate controls and radio on panel to right of driver. Other 
items, such as windshield wiper/washer controls, while 
generally expected to be to the driver's left, may be mounted 
either on stalks or on the panel (Anacapa Sciences, 1976). 

The difficulty in applying distance and location rules is 
that expectancies change with time. Most of the expectancy 
data are over 10 years old and were collected before the use of 
stalk controls was common. In Appendix A are expectancy data 
for the secondary controls of interest. Expectancies for each 
of those controls are also identified in the specific design 
recommendations that follow. 

Rule 2 - Put controls used for critical functions closer to the 
driver than others. 

The horn should be close to the driver because it is often 
necessary to warn other drivers of one's presence. For 
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example, if a driver is backing out of a stall and is about to 
back into another driver in the aisle, one doesn't have time to 
search for the horn. Likewise, if one is driving down the road 
and a passing vehicle splashes mud on the windshield totally 
obscuring one's view of the road, it is important to be able to 
clear the windshield quickly. 

Malone et al. (1972) assigned controls subjective 
criticality levels based upon their effect on driver safety. 
Controls which were given priority ratings included 
wiper/washer controls, headlight control, horn control, and 
high/low beam control. Black et al. (1977) maintained that the 
defrost/defog control was also critical, and suggested that it 
be mounted as a one button control next to the wiper/washer 
controls on the instrument panel. 

Rule 3 - Frequently used controls should be closer to driver 
than others. 

One way to achieve ease-of-use is to minimize the 
cumulative time.spent using controls. This can be achieved by 
locating the most frequently used controls close to the driver. 
Unfortunately, there is very little quantitative data on how 
often various secondary controls are used. The International 
Standards Organization (1975) data (described in the "Human 
Factors Analysis" section) is very incomplete. For example, no 
data are given for either the climate controls or the radio. 
Common experience suggests the radio is a high frequency-of-use 
module and it is for that reason that many manufacturers are 
considering installing remote controls for the radio on the 
steering wheel hub. 

In determining reach recommendations, use the Hallen 
(1977) data to determine what comfortable reach is. The common 
procedure is to use the SAE maximum reach curves and put 
controls at the edge of the envelope (as far as drivers can 
reach), which is inconvenient for drivers. Hallen's data 
suggests they should be at least 10 centimeters and sometimes 
20 centimeters closer. 

Rule 4 - Put controls that are used together next to each 
other. 

This is often referred to as the sequence-of-use 
principle. In general the flow should be left to right and top 
to bottom. While this principle is usually followed, there are 
many instances where the principle has been violated. For 
example, in one late model car, the cruise set, resume, and 
coast controls are on the right stalk, but the on-off switch is 
on the left. 
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Rule 5 - Select a control allowing the proper number of 
choices. 

This rule comes from the basic human factors literature 
and has not been specifically examined in an automotive 
context. In brief, it implies that one should use rocker 
switches and slide switches for two-position controls, and 
rotary selector switches and slide switches when there are 
three or more choices. Pushbuttons should not be used when 
there are more than two choices (except possibly for radio 
station selection because of convention, and maybe for the 
climate control as well). Rotary and slides switches clearly 
indicate the user can select only one option at a time. That 
is not true for a pushbutton array. Also, for two-state 
controls, push-push buttons and pull-push knobs are not 
recommended because it is difficult to tell from the position 
of the switch which state has been selected. 

Rule 6 - Have controls operate as expected. 
The rule of thumb is that controls should move up, to the 

right, or forward for "on" or "increase." Data on population 
stereotypes are widely available in the literature, so they 
have not been repeated here. With,regard to specific 
automotive applications, the Jack (1985) data for rocker 
switches are contained in the driver performance section. The 
authors understand that Jack is now collecting stereotype data 
for other types of controls. 

Rule 7 - Keep designs consistent across product lines. 
While people may not buy the same model car each time they 

get a new one, they do tend to stay with particular 
manufacturers. ("My dad always bought Chryslers.") To take 
advantage of previous experience, the design of controls should 
be consistent across product lines. They need not look 
identical, but controls should be located in the same place and 
operate in the same manner. 

For example, Krumm et al. (1972) reported initial mean 
reaction time for an unfamiliar panel to be 4.3 seconds, 
compared to 1 to 2 seconds for "human-factored" panels. This 
demonstrates the need for consistent instrument panel design 
across product lines, since the time required to adapt to a new 
panel would be minimal. Perel (1983) supports this premise, 
pointing out that 34% of the passenger ear drivers in an 
Indiana accident study had less than six months familiarity in 
their vehicles, and that one quarter of the total accident- 
involved drivers had less than 2,000 miles on their vehicles. 
This data strongly suggests that instrument panel unfamiliarity 
is a critical factor in vehicle accidents, and that that 
control design consistency is essential. 
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Rule 8 - Label all controls clearly. 
Anacapa Sciences (1976) reported that drivers made three 

times as many errors searching for controls when the words and 
symbols were missing than when they were present. A common 
problem with controls, usually with functions that are less 
common, is that switches are labeled with abbreviations that 
are not well understood. When symbols are used, sometimes they 
are not understood either (Saunby, Farber, and DeMelli, 1987; 
Sayer and Green, 1987). This is particularly true for some of 
the symbols that are not in the IS0 standard set or are new to 
the standard. 

Proper labeling is difficult to do with stalk-mounted 
controls, and the data shows that these types of controls are 
used in most vehicles manufactured today. Thus, it is 
essential that those controls which are stalk-mounted be both 
easy to locate and operate. 

Rule 9 - Use iterative design and test, test, test. 
Just as important as what to do is how to do it. The 

favored method for developing user interfaces is commonly 
referred to as iterative design. This approach has been very 
successful for designing computer applications. The best known 
example is the Olympics Message System (Gould and Lewis, 1985; 
Gould, Boies, Levy, Richards, and Schoonard, 1987). It has not 
been used by the automotive industry. In brief it entails 
developing a prototype of the cluster or component in question, 
testing a small number of users, and relying upon performance 
data and comments from them to identify problems. That 
information is used to redesign the item in question. The 
cycle of testing and then redesign repeats, often several 
times. Tests and feedback from tests should not be an 
afterthought but an integral and planned step in the design 
process. 

If those results are to be useful, some of them must be in 
numeric form (e.g., times and errors) so that one can make 
decisions about where changes are needed. Furthermore, one 
needs criteria with which those data can be compared (e.g., 95% 
of the driver are able to operate each control within 2 seconds 
of being asked to do so). Those criteria must be developed in 
advance of any testing. 

In order to carry out such tests the ability to rapidly 
prototype clusters needs to be developed. Software tools for 
that purpose do not exist in the auto industry. 

It is the authors' opinion that following this process is 
essential. The benefits derived from the process are likely to 
be as large as those from following all the other rules. 



- HOW SHOULD CONTROLS BE DESIGNED? - 

Rule 10 - Use empiric methods to analyze alternatives. 
Many design alternatives can be evaluated on paper. 

Methods that show particular promise are the Model Human 
Processor (of Card, Moran, and Newell, 1983) and some of the 
error likelihood methods described in the human factors 
analysis section. Each requires some additional information in 
order for it to be applied. For the Card Model, there is a 
need for data that takes into account timesharing. As was 
noted earlier, the Card data is for single task performance but 
driving involves timesharing. For the error modeling to be 
useful, there is a need for frequency-of-use information on 
controls. As was noted before, current information on this is 
1 acking . 
Rule 11 - Follow the specific advice in Mil-Std-1472. 

Military Standard 1472 contains a wealth of specific 
recommendations for sizes, spacing, required forces, and other 
details concerning how controls should be design. The standard 
is based on solid data, which because of the nature of the 
research on which it is based, will never be out of date. When 
applying these data designers should be careful to examine 
which are minimum requirements, and which are recommended 
values. 

The rest of this section contains design recommendations 
for the following controls, listed in alphabetical order: 

Cigarette Lighter 
Climate Control 
Cruise Control 
Defrost/Defog 
Hazard 
Headlights 
Headlight Dimmer 
Horn 
Ignition 
Optical Horn 
Radio 
Wiper/Washer 

Since it is possible this section will be used Pike a 
handbook, the material on each control starts on a new page. 

When the authors began this compilation, it was hoped that 
examination of the literature would yield specific design 
recommendations for individual controls. Unfortunately this 
was often not the case, and instead summaries of the various 
recommendations are presented, along with some commentary from 
the authors. It should be noted that many of these 
recommendations are based on expectancy data which is nearly 
ten years old. With expectancy lag effects and generally slow 
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changes in model design, this data still has some value, but 
there is a serious need for more current research in this area. 
For example, the current mix of operating automobiles includes 
a far greater number of imported cars from Europe and Japan, 
many of which make more use of stalks than American cars. It 
is very likely that this has changed drivers' expectancies in 
the area of control location, but there is no current research 
to prove this. Green, Ottens, Kerst, Adams, and Goldstein 
(1987) have recently collected new driver preference data for 
switch types and locations, and that work could radically alter 
the recommendations given here. (Because this report was 
written before Green et al. (1987) was completed, those 
recommendations have not been included here.) Furthermore, new 
control configurations such as pods and touch screens are not 
considered in much of the current literature. More research is 
needed in both areas before design recommendations can be made. 
Thus, these recommendations emphasize past research and 
standards, and utilize the best information available when the 
report was written. 
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Cigarette Lighter 

The cigarette lighter is not directly related to driver 
safety, but either trying to find it or operating it can create 
a distraction. Furthermore, misuse might even lead to a fire 
hazard. Using the lighter involves removing one hand from the 
wheel for a time sufficient to grasp it and hold it while 
lighting a cigarette. Thus, minimizing this time through 
careful location of the control should be a design goal. It 
should be noted that there is no frequency-of-use data 
available for the cigarette lighter. While non-smokers will 
very rarely operate this control, smokers will operate it 
frequently. Furthermore, there is no current data regarding 
driver performance in locating and operating this control. 

The SAE Recommended Practice (51138) calls for placing the 
cigarette lighter to the right of the steering wheel, 
presumably on the instrument panel. Anacapa Sciences (1976) 
confirmed this in driver expectancy tests, with drivers 
consistently expecting the lighter to be located on the lower 
right instrument panel. However, there seems to be a lack of 
conformity among manufacturers, since Anacapa Sciences (1976) 
also reported in the results of their Control Location 
Performance Test that, of nine controls, the cigarette lighter 
was the third most difficult to locate. This may well be due 
to some manufacturers choosing to conceal the lighter inside 
the ashtray compartment. (See the "Photo Test" data in the 
driver performance section.) However, the consensus seems to 
be to place the lighter on the center instrument panel, 
preferably near the ashtray. The Man Factors suggested design 
standard places the cigarette lighter with the ashtray at the 
bottom of the console to the right of the driver. The Essex 
panel does likewise, with both items located at the bottom of 
the console directly over the transmission tunnel. 

As the prevalence of smoking in the adult population 
declines, so too will the frequency of use of the lighter and 
concern for where it is located. It has been said by some that 
by the year 2000, smoking will be viewed in the same way as 
public spitting; something not to be done, and done by few. 
However, some devices still use the cigarette lighter as a 
power source inside the vehicle (e,g. radar detectors), and 
thus it is unlikely the automakers would phase out the 
cigarette lighter as a standard accessory. 

The authors' recommendation is that it be located close to 
the center line of the car as the SAE Recommended Practice 
requires and away from any vents. While locating the lighter 
inside the ashtray makes it more difficult to find, that 
location makes it more difficult for it to be operated 
inadvertently by young children. If the lighter is located 
there, it is critical that the ashtray be labeled with the 
lighter symbol so the driver can more readily find it. 
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Climate Controls 

This section considers the climate controls as a group but 
not the individual controls in the cluster. Furthermore, 
recommendations for Defrost/Defog are summarized under a 
separate heading, a practice consistent within the literature. 

Climate controls are not directly tied to driver safety, 
but are used frequently enough and are complex enough that 
their design and location are important for safe driving. 
Minor adjustments with the climate controls should be easy to 
make, and control location and operation should not distract 
the driver. 

The SAE Recommended Practice (J1138) suggests that climate 
controls be located to the right of the steering wheel, within 
easy view, and labeled with simple words. The Control Location 
Performance Test in Anacapa Sciences (1974) found climate 
controls the third-easiest to locate in slide-projection and 
on-the-road tests (see the "Photo Test" data), which suggests a 
fair degree of consistency in location among manufacturers. 
Further, Anacapa Sciences (1976) reports a mean time of 1.7 
seconds to locate the climate controls. However, higher times 
were reported by Khadilkar (4.2 s.) and Malone (5.1 s.), who 
included both reach and operating time in their measurements, 
while Anacapa only included reach. This suggests that 
operating the climate controls is more difficult than other 
secondary controls. Anacapa Sciences (1976) also reported that 
a survey of 1,482 motorists in California indicated that 
climate controls were found equally well whether located on the 
left or right panel, but were more difficult to operate when 
located on the center console, where the required reach is 
longer. 

With the many variations of airflow available to the 
driver (panel, bi-level, floor, fan speed, temperature, etc.), 
there is a tendency among manufacturers to attempt to assign 
discrete controls to each position, usually in push-button 
form. Human factors texts are unanimous in suggesting slide 
switches or knobs for such multiple-position discrete controls, 
as opposed to the aforementioned push-buttons. Unfortunately, 
the authors do not know of any data to support this commonly 
accepted recommendation. 

Black et al. (1977), in a suggested future draft of FMVSS 
101, recommend that climate controls should be mounted on the 
upper right instrument panel, providing independent control of 
(a) fresh or recirculating air, (b) direction of air flow, (c) 
rate of air flow, (d) addition of heat, and (e) addition of 
refrigeration. This recommendation corresponds with the 
results of the expectancy surveys, and is a good location for 
easy accessibility and operation. The Essex panel has the 
climate controls located on the lower center panel, and the Man 
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Factors recommendation is that it be placed mid-center on the 
instrument panel. 

The authors agree that a location to the right side of the 
steering wheel is appropriate with specification of the exact 
location to be determined from the driver preference experiment 
being carried out in parallel with this literature review 
(Green, Ottens, Kerst, Adams, and Goldstein). At the moment, 
the authors have no specific recommendations for the design of 
the cluster itself, though the operation of the controls should 
follow population stereotypes (up and to the right for on or 
increase). It may be that the only way to eliminate problems 
with first-time operation of the climate controls will be 
through standardization. 
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Cruise Control 

Cruise controls are an option being fitted to more and 
more new automobiles as a driver convenience (61.5% of U.S.- 
built cars in 1986). They directly control the speed of the 
vehicle, and therefore should be simple to locate and operate. 
Driver confusion could easily lead to a dangerous situation and 
thus simplicity should be maximized. 

Unfortunately, there is neither frequency-of-use data nor 
driver performance data available for analysis, particularly 
examining stalk- vs. panel- vs. wheel-mounting of this control. 
There are no requirements concerning placement of the cruise 
control in SAE J1138. In terms of driver preference 
Kuechenmeister (1974) found drivers were evenly divided as to 
whether cruise controls should be considered for inclusion in a 
multifunction stalk (30.4% yes, 30.4% no, 39.1% no opinion). 

The expectancy data are equally indecisive. Black, 
Woodson, and Selby (1977) found that test subjects expected the 
cruise control to be located on a stalk on the left side of the 
steering column and consist of at least an on/off button and a 
setting switch. However, drivers also expected the windshield 
washer to be a button on the end of the left-hand stalk, but a 
combination of these controls is impossible. Black et al. 
therefore recommended that the cruise control be mounted on a 
right-hand stalk. They assert windshield washing is a priority 
item more closely related to driver safety than the cruise 
control. This contrasts with the recommendation of Malone et 
al. (1972), which favored mounting the cruise control on the 
left stalk, in combination with the turn signal control. 
Readers should bear in mind these recommendations are from a 
time when cruise controls and stalk-mounted controls were far 
less common than they are today. 

If a single location must be chosen, the authors would 
argue for mounting the cruise control on the steering wheel. 
Specific recommendations about control type and placement will 
emerge from the Green, Ottens, Kerst, Adams, and Goldstein 
(1987) experiment. This location was chosen over stalk 
controls for the following reasons. Reaching for a stalk 
control requires the driver to remove his or her hand from the 
wheel, decreasing the level of control the driver has over the 
vehicle. Use of the cruise controls is only at high speed. 
Often the need to turn the cruise function off can arise 
unexpectedly and when the time available is short. While one 
can do that by touching the brake, it is commonly done 
manually. Also important, however, is that operation of a 
stalk-mounted cruise control (either pushing an end-of-stalk 
set button or moving a slide switch to turn on the cruise 
function) can result in inadvertent operation of the turn 
signal or the high beams. Even more significant are problems 
that occur when a stalk-mounted cruise control is combined with 
a stalk-mounted wiper/washer. In this instance, inadvertent 
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operation of the washer or wiper is not uncommon, which can 
both startle the driver and in some cases obliterate view of 
the road ahead. 
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Defrost/Defog Controls 

The sudden fogging of front and rear windows in cold or 
damp driving causes a dangerous situation as the driver loses 
sight of the road. Poor location of defrost/defog controls 
should not delay rapid operation of this control by the driver. 
Emphasis should be on placing the controls within easy reach, 
as well as making them simple to operate. A further point, not 
related to controls but still relevant, is that rapid clearing 
of the windshield is necessary, and thus, fan and heating power 
should be suitable for the worst possible climate conditions. 
Finally, there is no data on rear-window defrost-defog 
controls. This is a common control, and needs to be included 
in further research. 

The SAE Recommended Practice (J1138) is to locate the 
defroster to the right of the steering wheel on the instrument 
panel. Two expectancy surveys, Anacapa Sciences (1974) and 
Anacapa Sciences (1976), confirm this by finding that motorists 
look on the right panel for this control. Furthermore, their 
expectancy is very strong for this location in both domestic 
and foreign cars, as shown in the chapter entitled "Where Do 
Drivers Expect To Find Controls." Locating and operating these 
controls continues to be a problem, however, with high mean 
activation times reported by both Khadilkar (4.2 s.) and Malone 
(7.4 s.). The Man Factors panel has environmental controls 
grouped together on the lower center console, while the Essex 
panel places these controls immediately to the right of the 
steering wheel on the instrument panel. Unfortunately, there 
is no frequency-of-use data available for these controls. Such 
data would allow researchers to establish the criticality of 
these controls and contribute to suggestions for their 
placement. 

In a study of accident causation, Burger et al. (1977) 
noted a large number of problems associated with the location 
of the defroster/defogger, indicating that the location of 
these controls may not yet be sufficiently standardized. In a 
significant departure from the standard, Black et al. (1977) 
recommended that defrost/defog controls be located in the same 
instrument panel location as the windshield wiper/washer and be 
operated by a single button. 

Thus, there seems to be strong evidence for placement of 
this control on the right side of the panel. There is no 
specific automotive data on how the control should be designed, 
but it is clear that the control should be dedicated to this 
single function and not buried in some deep menu on a touch 
screen interface that requires multiple switch hits to access. 
Further, consideration should be given to linking the defrost 
control to the fan so that turning on the defroster 
automatically turns on the fan. This would reduce the time 
required to operate this function. 
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Hazard Control 

The Hazard (or four-way) flasher control is used mostly 
when the vehicle is stationary, although its use in poor- 
visibility situations is common. Its use is usually prompted 
by a breakdown while still in or alongside the stream of 
traffic, and thus its operation might be carried out while the 
driver is under some degree of stress. Problems with finding 
and operating this switch are not unusual. 

SAE Recommended Practice (51138) calls for locating the 
hazard switch to the right of the steering wheel. The 
expectancy surveys in both Anacapa Sciences (1974) and Anacapa 
Sciences (1976) found that drivers expected to find the hazard 
switch to be located on the steering column, usually on the 
right side. Furthermore, when asked in Anacapa Sciences (1976) 
to express the strength of their expectations, drivers rated 
"Hazard Switch - right side of column," with a 6 on a scale of 
l=low to 9=high. Further, Black et al. (1977) found that their 
subjects expected to find the hazard switch mounted on the 
right side of the steering wheel and operated by pulling it on. 

Elsholz and Bortfeld (1978) found in a driver performance 
study that drivers experienced difficulties operating any one 
of the four hazard controls available (left-side stalk control - push left; rocker switch on right side of instrument panel - 
push down; touch control in same place - push left; left-side 
panel-mounted push button - push right). In the control 
location performance test in Anacapa Science (1976), the hazard 
switch was the second most difficult to locate, requiring a 
mean time of 2.4 seconds. Khadilkar reported an even higher 
mean time of 3.5 seconds. 

In the survey of 1,482 California motorists in Anacapa 
(1974), the hazard switch was found most quickly and accurately 
when it was located in the same place in the test car as in the 
driver's car. In cases where the driver had no such switch in 
their own car, their performance was generally better with a 
panel-mounted switch than one mounted on the steering column. 

Malone et al. (1972), in designing a new 'standard' 
instrument panel (the Essex panel), recommended that the hazard 
switch be located on the upper right instrument panel as 
opposed to the steering column. Finally, Kuechenmeister (1974) 
found that the majority of his 24 subjects would not like to 
see the hazard switch mounted on a multifunction stalk. 

A single, clear conclusion is difficult, but it is 
apparent that in general, the hazard switch should be located 
to the right of the steering column. The question of whether 
to mount it on the column itself or on the instrument panel 
isn't a critical issue, but the authors would argue for 
standardizing the 1ocat.ion to one of the two so drivers can 
find it easily. As far as which location is "better," the 
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panel location is usually more visible to the driver. However, 
placing it on the instrument panel increases the number of 
controls the driver must ordinarily choose from, and thus 
increases response time and number of errors. If a panel 
location is chosen, a rocker switch should be used in line with 
common practice for this control. A specific recommendation 
for this control should emerge from the driver preference data 
in Green, Ottens, Kerst, Adams, and Goldstein (1987). 
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Headlight On/Off Control 

Headlights are usually not operated in reaction to any 
sudden stimulus, and thus their control location is not quite 
as critical as some others. However, the switch should be easy 
to find and operate, and care should be taken in combining this 
control with others on a multifunction stalk, since studies 
have shown that this causes difficulty. 

The SAE Recommended Practice is to place the headlights 
switch to the left of the steering wheel. Expectancy surveys 
from Anacapa Sciences (1974) and Anacapa Sciences (1976) 
confirm this recommendation. Furthermore, Anacapa Sciences 
(1976) reports that drivers rated the strength of their 
expectations at 7.25 (on a scale of l=low to 9=high). 

Black et al. (1977) found strong expectancies (3:l) or 
better in favor of panel- over stalk-mounting of headlight 
controls. Elsholz and Bortfeld (1978) found that none of the 
four configurations they tested (left stalk - push up/down; 
instrument panel stalk control, right side - pull towards the 
driver, or left side - push up; rocker switch on the left side 
of the instrument panel) were easily located by drivers. 
Drivers also had problems locating the parking light function 
when it was a stalk control (left side - push up or down) or a 
rocker switch (on steering wheel - push right side forward). 

In a survey of difficulty of control location in Anacapa 
Sciences (1974), the headlight switch fell in the middle range, 
neither the most difficult, nor the easiest to locate. Anacapa 
Sciences (1976), in their survey of 1,482 California motorists, 
found that performance in locating the headlight switch was 
especially poor when the switch was on a pod or a stalk, or in 
an unusual location, such as under the panel. Their 
performance test yielded a 1.5 second activation time. 

The Simmonds (1976a, b, e )  studies, in estimating 
confusion likelihoods, found it highly likely that the 
headlight controls would be confused with the wiper switch and 
the parking lights if it were stalk-mounted. They also 
provided frequency-of-use data which shows that the headlight 
control is only activated 4% of the time that the engine is 
running. This is fairly low, as would be expected, since the 
control is used twice (on/off) in night driving, and generally 
never in daylight driving. 

Malone et al. (1972) recorded a mean activation time of 
2.3 seconds, and suggested that headlights be located in the 
far upper left of their Essex panel, clustered with the other 
parking-light controls. Black et al. (1977) recommended as part 
of their suggested future draft of FMVSS 101 that 
headlight/parking lights be activated with a knob on the left 
panel which is pulled or rotated on. However, there are some 
incidental data suggesting that a pull-on knob is not a good 
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design. With this design one cannot easily tell what position 
the knob is in by looking at the knob, and other cues, such as 
illumination of the panel, are less than ideal indicators 
during daylight hours (Green, Conroy, Appelucci, and Allen, 
1972). This inevitably leads to cars being parked during the 
morning with their headlights left on (and a dead battery that 
evening). It also leads to people driving at nightfall using 
only their parking lights, thinking they have their headlights 
on. 

McCallum, Dick, and Casey (1982) suggest that the 
headlight on/off switch be located on a pod to the left of the 
steering wheel. They also suggested that the switches be of 
the "piano-key" type along the outside of the pod, allowing the 
driver simple fingertip operation without releasing the wheel. 
They also suggest that alternating textured and smooth keys on 
the pod would allow the driver to select the proper key without 
looking away from the road. 

While a preference study carried out as part of Simmonds 
(1976a, b, c) indicated that stalk controls were favored in 
general for headlights, dimmers, turn signals, and 
wiper/washers, there is some question as to the validity of 
this outcome, especially since Kuechenmeister (1974) found that 
his drivers would not like the on/off switch for 
headlights/parking lights mounted on a stalk. Thus, stalk- 
mounting of this control seems questionable. 

The authors believe this control should be mounted on the 
left side of the panel even though that violates the human 
factors principle of functional grouping. (For now, the dimmer 
control is assumed to be on a stalk.) Furthermore, because the 
control is used moderately often, it should be within easy 
reach (for example on a pod). Also, the authors suggest that 
the on/off control be automatically illuminated whenever the 
light level is low, and the engine is running or a door is 
opened. Often finding the light switch is a Catch-22 problem. 
If a person is driving and it gets dark, they should turn on 
their headlights (and panel lights). But in order to turn the 
lights on, one needs light to find the switch. A further 
advantage of automatic illumination of the on/off switch is 
that it serves as a gentle reminder to the driver as to when 
turning on the headlights is advisable. It makes sense to the 
authors that this be required by SAE 51138 and FMVSS 101. 
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Headlight Dimmer Control 

The headlight dimmer control switches the headlight 
between low and high beams when the lights are on. This 
function is often confused with the optical horn, which one 
uses to flash between those levels. It should be easy to 
locate and operate in the dark. Beam switching is usually done 
when oncoming traffic makes the driver switch from high to low 
beams. The driver needs to respond quickly to avoid blinding 
the driver in an oncoming vehicle. Thus, the switch should not 
require significant effort to locate. 

SAE Recommended Practice is to place the headlight dimmer 
switch to the left of the steering wheel. Early studies 
favored floor mounting of the headlight dimmer control. For 
example, for their "human-engineered" instrument panels both 
Conover et al. (1969) and Malone et al. (1972) recommended 
floor-mounting for the dimmer. Krumm (1974) reported that 
driver reaction time in activating dimmers favored floor- 
mounting over stalk-mounting, but in the twelve years since 
this study, stalk-mounted dimmers have become much more common, 
and it is doubtful that these results could be replicated. In 
Black, Woodson, and Selby (1977), drivers expected the dimmer 
to be located on the floor near the driver's left foot. If 
mounted on a stalk, however, drivers preferred the left to the 
right, and the preferred means of activation was pulling 
towards the driver. Elsholz and Bortfeld (1978) found that 
their subjects experienced difficulties in the operation of 
high-beam controls when they were on the left stalk (move left 
or right) or on the panel (touch control - push up). 

During the mid- and late-70's, stalk-mounted controls 
became more common and drivers were more likely to expect them. 
As a consequence, data favoring stalk mounting over panel- 
mounting began to appear. Kuechenmeister (1974) reported that 
his subjects thought that the dimmer should be included on a 
multifunction stalk control. Anacapa Sciences (1974, 1976) 
found that drivers responded more rapidly overall to panel- 
mounted controls, as did Kuechenmeister (1975). Faust-Adams & 
Nagel (1975) found response times for stalk-mounted dimmer 
controls averaged 300 milliseconds less than those which were 
panel- or floor-mounted, and that the combined mean activation 
time was 1.56 seconds. 

Besides location, an important issue at that time was how 
switching should occur if the headlight had three levels 
instead of two. (This occurred as a result of a federal 
government proposal.) Mortimer and Post (1973) reported that 
the critical difference was not whether the controls were 
stalk- or panel-mounted, but rather whether beam-switching 
occurred in a single motion. Black et al. (1977), in the 
suggested revision of FMVSS 101, proposed that the dimmer be 
operated by the left stalk moving fore and aft (Forward = High, 
Mid = Low). 
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To conclude, the authors recommend that the Headlight 
Dimmer be a stalk control on the left side of the steering 
column, the current defacto standard. However, it is likely 
that any lever control in that area operating in the same 
manner would be just as easy to use. Such designs are also 
acceptable. As noted above there is considerable data favoring 
floor-mounting of the dimmer control, but that data is now 
obsolete. Floor-mounting is now rare (Green, Ottens, and 
Adams, 1987) and not expected by very many drivers. Results 
from the Green, Ottens, and Adarns (1987) field survey will 
indicate current convention for method of operation. Whatever 
it is, that convention should be incorporated into the SAE 
Recommended Practice. 
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Horn 

The horn is almost always used in conflict situations, 
usually to alert drivers of potentially dangerous 
circumstances. A driver should be able to operate it 
instantly, almost without thought. The inability of one driver 
to warn another of impending danger will almost inevitably lead 
to an accident, even though one of the drivers had recognized 
the problem. This is not just hypothesized to be true. In a 
study of accident causation, Burger et al. (1977) noted there 
were a significant number of accidents in which the inability 
to find and operate the horn was a major factor. Rurther, 
there were more "close calls" associated with difficulties in 
operating the horn than any other control. 

There is considerable performance data on the use of the 
horn. Krumm (1974) found his subjects initially experienced a 
significant amount of difficulty with rim-blow and stalk- 
mounted horns, reporting a 29 second response time for the 
former, and a phenomenal 9.6 seconds for the latter! Since, in 
this study, any time over the thirty-second time limit was 
recorded as thirty seconds, these results indicate that the 
drivers usually never found the horn. This is an extremely 
dangerous design, yet the rim-blow horn was standard equipment 
in the Oldsmobile 98. Interestingly, this design is still 
allowed by SAE 51138. That document states, "The audible horn 
control shall be located on the steering controlN (Society of 
Automotive Engineers, 1987, p. 34.113). 

Other studies present results consistent with Krumm 
(1974). For example, in other performance tests, activation 
times for the horn (on the steering wheel) were in the range of 
1.2 s. (Malone et. al.) to 1.4 s. (Faust-Adams and Nagel). 
Elsholz and Bortfeld (1978) found in their study that European 
drivers had difficulty with stalk-mounted horn controls, but 
not with "touch controls" mounted on the steering wheel. 

There is also strong driver sentiment against placing the 
horn on a stalk. For example, when Kuechenmeister (1974) asked 
if the horn should be considered for incorporation in a 
multifunction stalk control, only 4.4% of the drivers 
responding said "yes," while 52.2% said "no." (The remainder 
had no opinion. ) 

Previous design recommendations have all favored placing 
the horn control on the steering wheel. For example, for the 
Essex "human-engineered" instrument panel, Malone et al. (1972) 
recommended that the horn be mounted on the hub, finding a high 
likelihood of confusion if the horn were stalk-mounted. Black 
et al. (1977), in recommending changes to FMVSS 101, proposed 
that the horn be operated by push buttons on the steering wheel 
spokes. 
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Thus, there is considerable research support for locating 
the horn on the steering wheel hub or spokes, and not on a 
stalk. Since most drivers expect to find the horn in one of 
these two areas on the steering wheel, the optimum solution is 
to place the horn in both locations to facilitate rapid 
operation. Definitive recommendations for size are given in 
Green, Ottens, Kerst, Adams, and Goldstein (1987). Further, it 
is the authors' experience that the active area of the hub 
should be labeled and highlighted (e.g. by color, etc.) to 
differentiate the horn from surrounding padding. This is 
contrary to the standard designer's practice of attempting to 
blend in the horn activation control with the rest of the 
steering wheel. Finally, some consideration should be given to 
coupling the horn (or more formally, the acoustic horn), with 
the headlight flashing function (optical horn) as was proposed 
in Green (1979). Language identifying these requirements 
should be added to SAE.Jl138 and FMVSS 101. 
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Ignition 

The ignition control is often not associated with 
secondary controls in vehicles, and usually is only operated 
once during each trip. However, when a stall occurs in heavy 
traffic, it becomes necessary to find and operate the ignition 
quickly under a great deal of stress. Thus, its location and 
operating characteristics do require careful consideration. 

SAE Recommended Practice is to mount the ignition switch 
to the right of the steering wheel. Anacapa Sciences (1974, 
1976) found that drivers expected the ignition switch to be 
located on the right side of the steering column or on the 
lower right instrument panel. Anacapa Sciences (1974) also 
found that the ignition switch was the second easiest to locate 
out of eight controls in a control-location performance test. 
Faust-Adams and Nagel (1975) reported a mean reaction time of 
1.65 seconds to find the ignition switch in their two test 
vehicles, which confirms the general ease with which drivers 
locate this control. Black et al. (1977) had an interesting 
recommendation in their proposed revision of FMVSS 101, 
suggesting that the ignition/starter be a rotary-key switch on 
the panel. 

It should be noted that a key-release switch has become 
standard equipment on some U.S. vehicles (e.g., Fords). This 
was to prevent accidental removal of the keys (i.e., by a child 
on the passenger side), which would cause the steering wheel 
anti-theft lock to activate and create an extremely dangerous 
situation. Car rental companies have reported rental vehicles 
being stolen because clients cannot find or operate the key 
release and elect to leave the keys in the ignition. A better 
solution might be designing an electronic system which would 
delay locking if the vehicle is in motion when the engine is 
shut off. A side benefit would result in a situation where the 
driver shuts off the engine when the car is in motion in order 
to solve a problem (e.g., sudden acceleration). In such a 
situation, the driver would not lose steering control over the 
vehicle. 

Another suggestion put forth in McCallum, Dick, and Casey 
(1982) is that a keyless ignition system (being examined by 
them for Ford) be mounted either on a pod to the right of the 
steering wheel or on the instrument panel to the right of the 
steering wheel. Consumers preferred the right pod location. 

The proposed pod-mounted ignition would consist of five 
numbered "piano keys" upon which the driver would enter a 
personal code sequence. The driver would then select his 
choice of "Start/RunW or "Accessory" using the same keys. One 
of the keys, color-coded and lighted red, would be labelled 
"Stop." Selecting "Stop" would leave the ignition unlocked for 
ten seconds should the driver wish to restart without entering 
the code sequence again. This would be a valuable safety 
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feature in the event of a stall. Some safeguard would also 
need to be developed to prevent cutting the ignition 
accidentally by inadvertently touching the "Stop" key. 
However, because the key-switch ignition is so common, the 
authors expect that a nonstandard design such as a keyless 
system wouid meet with great consumer resistance. 

It is unclear to the authors whether mounting the ignition 
on the column or panel is best. That decision should be based 
on the preference data being collected (Green, Ottens, Kerst, 
Adams, and Goldstein, 1987). It is clear, however, that a 
separate key release switch creates numerous problems for 
drivers. 
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Optical Horn Control 

The optical horn has until recently been a fixture of 
European vehicles. Lately, however, American manufacturers 
have seen the wisdom behind having a second control available 
to warn other drivers of conflict situations. The optical 
horn's most common application is to warn drivers when a faster 
vehicle is approaching from the rear and wishes to pass. The 
warning consists of a quick flash of the high beams. This 
control operates regardless of whether the headlights are on or 
off. Its location should therefore be convenient for quick 
location and operation, either in daytime or nighttime driving 
conditions. 

The SAE Recommended Practice ( 51138 ) suggests ' that the 
optical horn be mounted to the left of the steering wheel. 
Both floor-mounted and stalk-mounted controls meet the 
requirements of 51138. Kuechenmeister (1974) found that 
drivers strongly favored incorporating the optical horn 
function into a multifunction stalk control (73.9% yes, 8.7% 
no, 17.4% no opinion). This outcome was a surprise since at 
the time beam switching was usually accomplished using a foot 
switch, and drivers usually favor designs with which they are 
most familiar. 

The Simmonds (1976a, b, c) documents present calculated 
confusion likelihoods for various controls, and found there 
would be a fair degree of confusion between the optical horn 
and headlight on/off controls, as well as with windshield 
wipers if all were stalk-mounted. Since the recommendations 
give here are not for stalk-mounting of those two controls, 
such confusions are not a concern. (See the table in the Human 
Factors analysis section.) They also found in a frequency-of- 
use study that drivers activated the control an estimated 5% of 
the time they were driving. 

Finally, Black et al. (1977) recommend that the optical 
horn be mounted on the left stalk, and be operated by pulling 
towards the driver. 

Thus, all research indicates that the left stalk is the 
ideal location for the optical horn. Further, this is the 
current design stereotype (Green, Ottens, and Adams, 1987). 
However, any lever control, mounted in the same place as a 
column-mounted stalk and operating in the same manner, should 
be acceptable. As noted previously, combining operation of 
this control with that of the auditory horn might improve its 
effectiveness as a warning system. The method of operation of 
this control should be that preferred by drivers in the Green, 
Ottens, Kerst, Adams, and Goldstein (1987) experiment. 
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Radio Controls 

The radio is not directly involved in vehicle operation, 
but almost every passenger car sold in the United States today 
has one, and thus it should be considered in control design and 
location. The radio is often operated while the car is moving, 
and often requires the driver's full attention while tuning in 
a frequency. Thus, its location and ease-of-use should be a 
major design consideration. 

The SAE Recommended Practice (J1138) is to mount the radio 
to the right of the steering column. Anacapa Sciences (1974) 
found in surveys of 1,482 California drivers that control 
location performance was adversely affected when the radio was 
located to the left of the steering column. The same study 
also reported an average location time of 1.2 seconds for the 
radio. Black, Woodson, and Selby (1977), in a suggested future 
draft of FMVSS 101, recommended that the radio be located on 
the lower right instrument panel, and furthermore, that it have 
control knobs on both sides of the frequency display. This was 
suggested to reduce the time the driver spends looking at the 
radio instead of the road. Two early "human-engineered" 
instrument panels used similar designs for the radio. Essex 
placed the radio on the panel to the right of the driver, 
midway up the panel. Man Factors placed it in the same 
location, but slightly higher on the panel. 

Simmonds (1976b) found that, based on his frequency data, 
the radio was a very high use item. Even though it is not 
directly related to driver safety, it is operated so often that 
poor design can have major safety implications by distracting 
drivers. (See Perel, 1976.) Furthermore, the car-audio 
systems available today are increasingly complex, and include 
tape and compact disc players, scan/search radios, and even 
sound equalizers. Most designs have buttons that are too small 
and too close together, labels that are not readable, and other 
features that violate basic human factors principles. In some 
cases, this results from attempts to meet DIN envelope 
standards instead of human factors standards. Finally, 
reaching problems are often found, and some consideration 
should be given to developing remote station selection 
controls. 

Consistent with the data, the authors suggest the radio be 
located on the right side of the steering wheel, and because of 
its frequent use, close to the top of the panel to minimize how 
far away from the road the driver must look to see it. The 
authors, based on good human factors practice, would strongly 
argue against using a pair of push buttons (up and down) for 
manual tuning. (This is common on "high-tech" sound systems.) 
That design requires the driver to look away from the road and 
at the frequency display to determine the station selected. 
Preferred are knobs with detents. As the control is rotated, 
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t h e  d r i v e r  can f e e l  a change i n  fo rce  and es t ima te  where t h e  
r a d i o  has  been tuned. 
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Wiper/Washer Controls 

The wiper/washer is one of the most important controls 
available to the driver. It needs to be operated quickly 
during a sudden downpour or when the windshield is suddenly 
obscured by unexpected splashing or spraying. Thus, it should 
be in a position that can be easily found, even when the driver 
has panicked and is unable to see where the vehicle is going. 
Furthermore, its operation should only require one quick 
movement, without moving the hands very far from the steering 
wheel. Simmonds (1976b) frequency-of-use data indicates that 
this is the second most often used control after the turn 
signal, and usages average about 10% of the time the vehicle is 
being driven. 

Kuechenmeister (1974) examined driver performance in 
learning to use a stalk control with a wiper function on it and 
found it was fairly easy to operate. Drivers favored 
incorporating wiper/washer functions into a multifunction stalk 
control by a ratio of 10 to 1. In a direct comparison of a 
panel-mounted wiper/washer control with one on a stalk, 
Kuechenmeister (1975) found that panel-mounted controls, then 
common at the time, were responded to more rapidly. Drivers 
also rated the stalk-mounted wiper as easier to operate. 

Expectancy studies carried out in Anacapa Sciences (1974) 
and Anacapa Sciences (1976) indicate that these controls are 
expected on either the left or right instrument panel, but with 
a tendency to expect them on the left. Anacapa Sciences (1976) 
went further and determined expectancy strengths for finding 
the wiper/washer on the left panel, and obtained an average 
value of 6.0 (on a scale of l=low to 9=high). In terms of 
performance, drivers in the Anacapa studies found the wiper 
most quickly and accurately when located on the left panel 
(below and inboard of the 'headlight switch). Performance was 
poorest when the control was located on a pod or stalk. 

In general, performance studies for the wiper control 
yielded mean response times ranging from 1.5 seconds (Anacapa 
Sciences) to 2.6 seconds (Khadilkar). The washer control 
yielded a higher average, with Malone reporting a mean response 
time of 4.5 seconds. 

Data favoring stalk-mounting of the wiper controls was 
obtained in the 1970's. Faust-Adams and Nagel (1975) found the 
average response time to be 300 milliseconds less than panel- 
or floor-mounted controls. Black et al. (1977) found drivers 
had strong expectancies (3:l) in favor of stalk- over panel- 
mounting of these controls. However, there was no consensus as 
to how this stalk should operate, although pushing an end 
button was favored for washer activation. This did conflict 
with the favored method of cruise control activation, which was 
also an end button. 
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Elsholz and Bortfeld (1998) found that drivers had 
problems activating right-side stalk controls which twisted or 
moved towards or away from the driver, but not those which 
moved up or down. Furthermore, they found that neither a left- 
side stalk (push away = on) nor a left-panel control (up = on) 
were stereotypical operating modes for the washer. 

Others have also found that drivers prefer stalk-mounted 
wiper controls. Mourant et al. (1977) found that the stalk 
with the "rotate forward or away" configuration to activate the 
wipers required the fewest looks, while that with a button 
required the most. The same "button" design required the most 
looks to control wiper speed. Overall, fingertip controls 
required 1/6 the number of direct looks of other controls, and 
rotary stalk controls were preferable to other types, such as 
buttons. 

Design recommendations have changed somewhat over time. 
Both of the "human engineered" instrument panels in the 
literature had the windshield clearing controls on the panel, 
as opposed to a stalk, but while the Essex panel had the 
controls on the right upper instrument panel, the Man Factors 
panel placed them on the left side of the panel with the 
headlight control. Neither of these studies considered stalk- 
mounted controls, and had they, there might have been different 
recommendations. Black et al. (1979) suggested for a future 
draft of FMVSS 101 that the wiper consist of a rotary selector 
switch/knob on a fingertip reach panel pod to the left of the 
steering wheel. 

In more current work, McCallum, Dick, and Casey (1982) 
recommended mounting wiper on/off and speed controls on a pod 
to the left of the steering wheel. The switches would be of 
the "piano key" type, with the on/off switch surface being 
smooth and the speed control surface textured. This would 
allow driver selection without visual aid. They suggested 
putting the washer switch on a separate pull tab on the 
underside of the pod. 

It is difficult to make a conclusive recommendation based 
on the results of the research. Virtually any recommendation 
will meet the requirements of the SAE Recommended Practice 
(locate the wiper/washer controls to the left of the steering 
wheel). There are some hazards associated with mounting the 
wiper-washer control on a multifunction stalk, since 
inadvertent activation creates an immediate and potentially 
dangerous visual distraction. Yet, some studies reported 
faster response times for stalk-mounted controls than for 
panel-mounted ones. The ideal solution seems to be the use of 
other schemes to put controls within fingertip reach of the 
driver (e.g pod mounting), which the authors suggest, 
especially if "pulse" wipe is included. This enables the 
driver to easily activate the wipers to clear either a 
momentary spray or a downpour. Whatever type of control is 
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fitted, it should be operable with a simple motion (pushing a 
button, "sweeping" a stalk) and not require a time-consuming 
grasp (as a knob would). Here again, the work of Green, 
Ottens, Kerst, Adams, and Goldstein (1987) should help decide 
which design is recommended. 
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WHAT ADDITIONAL RESEARCH IS 
NEEDED AND HOW SHOULD IT BE 

CONDUCTED? 

How Should Researchers Prepare to Do Future Work? 

Just as designers should read this entire report 
carefully, it is even more important for researchers to do so. 
For those involved in studying stalk controls, Green (1979) 
should be read. There are a number of details in that report 
that have not been included here. For those interested in 
controls in general, this report supersedes Green (1979). 

In some cases, automotive human factors researchers have 
not kept up with developments in the computer industry, even 
though today's automobiles have much in common with standard 
computer interfaces. In part, that is because the automotive 
applications of human-computer interaction research may not be 
immediately obvious. For people interested in that research, 
Card, Moran, and Newel1 (1983) is highly recommended. It 
provides a useful methodology for evaluating human interaction 
with controls and displays. 

What Methods Should Be Used? 

The automotive human factors literature has tended to be 
quite applied. There have been only a few studies that 
formally evaluated test procedures prior to testing. Quite 
often, an approach is adopted because it "seemed to work 
reasonably well." Nonetheless, some of the important 
methodological issues have been resolved. The main issues are 
how to determine: 

where and what types of controls drivers expect, 
where and what types of controls drivers prefer, 
how driver performance in using controls should 
be assessed, 
how often various secondary controls are used, 
what problems drivers say they have using controls, 
the relationship between controls and accidents, 
if data about preferences, expectancies, 
performance, problems, and accidents lead to 
similar design recommendations. 

How Should Expectancies Be Determined? 

In one experiment, Anacapa (1976) had drivers place 
controls on an instrument panel mockup. In another, drivers 
marked an "x" on a sketch of an instrument panel where they 
expected to find each control. It is believed the two 



What Addi t ional  Research I s  Needed? 

approaches lead to similar conclusions. However, these data 
are primarily for flat surfaces (conventional instrument panels 
without stalks). As long as the image drivers see looks like 
an instrument panel, the presentation format (a sketch, 
computer display, or real panel) should not alter driver 
expectations. 

To determine expectations for switch types, Black, 
Woodson, and Selby (1977) had people select controls mounted on 
a free-standing board. An alternative method would be to show 
sketches of them. Because sketches or even photographs may 
miss perspectives that are important, the authors believe that 
real, though not necessarily functioning, controls are needed. 

How Should Preferences Be Determined? 

Except for the recently completed experiment of Green, 
Kerst, Ottens, Goldstein, and Adams (1987), there are no 
comprehensive studies concerning methods for establishing 
preferences for control location or switch types. Other 
studies in the open literature (e .g. ,  Mortimer and Post, 1973; 
Kuechenmeister, 1974; ISO, 1975; Mourant et al., 1977; 
McCallum, Dick, and Casey, 1982; Callahan, 1986a, b, c) have 
either examined a limited number of location-switch type 
combinations or have used car company employees, not the 
driving public. (Car company employees are likely to favor 
products their employers manufacture.) To collect location 
preferences, the authors would argue for using mockups or real 
vehicles, just as Green et al. (1987) did, not panel sketches. 
Ease of reach has a major influence on where driver prefer 
controls and that factor is not captured just by thinking about 
it (as one does with paper and pencil). 

For switch type preferences, subjects should mount real 
switches on panel mockups, and not select switches from 
sketches or examples fixed on a display board. Furthermore, a 
brief session of simulated use while timesharing with steering 
should be included. The Green, Kerst, Ottens, Goldstein, and 
Adams (1987) experiment had drivers do just that. Typically 
people change their preferences for switches and switch 
locations for a few functions after operating those controls in 
a driving simulator. The authors do not believe a fully 
operational production or prototype panel is required, except 
for highly interactive systems such as tripcomputers. In those 
interactive systems, the system logic determines ease-of-use 
and there is no way one can get a sense for it without 
functional hardware. On the other hand, preferences for simple 
dedicated switches are determined primarily by the location and 
shape of the switch. (So, for example, if one were interested 
in switches for the windshield wiper, it is not necessary for 
operation of the switch to cause the wiper blade to sweep 
across the windshield.) 
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The literature does not suggest who should be subjects in 
preference or expectancy studies. The authors believe it is 
better to use the driving public to establish driver 
preferences than juries of automobile company employees as was 
done in the Keuchenmeister (1974) and Ford B-I-C studies. 

How Should Driver Performance Be Assessed? 

There is a wealth of data on driver performance-related 
measures and the relationships between measures. The most 
popular combinations of measures include response (or use time) 
and errors for using controls (Malone et al., 1972; Middendorf 
et al., 1974; Kuechenmeister, 1974; Krumm, 1974; Faust-Adams 
and Nagel, 1975; Anacapa, 1976; Mourant et al., 1977; McCallum 
et al., 1982; Khadilkar, 1983; Heintz et al., 1985; and Snyder 
and Monty, 1985). Also common is the frequency or duration of 
direct looks (Mourant et al., 1977; Snyder and Monty, 1985) 
with time measures, and with errors (Anacapa, 1976). 

The tradeoffs between time and errors have been 
consistently reported in the psychological literature 
(Pachella, 1974; Pew, 1969). It is accepted that when making 
simple decisions, people will be both fast and accurate in the 
easy conditions, and be slow and make errors in the difficult 
ones. (This version of the speed-accuracy tradeoff must be 
distinguished from the common version of it where, at a 
particular point in time, people can increase their accuracy by 
slowing down (and vice versa)). 

Also, the time to use a control measured in the laboratory 
is correlated with performance on the road (Malone, Krumm, 
Shenk, and Kao, 1972). Thus, times measured in the laboratory 
are a good indication of how well a control is designed. While 
the time measured must be scaled to predict on-the-road 
performance, the values recorded nonetheless directly reflect 
the ease of use of'a control, a parameter of great interest. 
Because it is such an important part of driving, the authors 
would argue for including a concurrent tracking task to 
increase the strength of the connection. (Its need has not 
been formally tested in an experiment, but providing that task 
clearly makes the experiment more appealing.) 

In carrying out such studies, only a limited number of 
responses for each subject-control combination may be required. 
In Malone et al. (1972) performance times for using controls 
reached an asymptote after about five trials. 

As noted pre~io~sly, errors are also an important and 
useful measure. While they should be collected, the authors 
would argue against considering them as the primary measure of 
interest. Because each response contains only binary 
information about errors (whether or not one occurred), 
hundreds or thousands of responses for each condition are 
required to get stable estimates of error probabilities. On 
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the other hand, each response yields a time accurate to three 
or four significant figures. Therefore, far fewer responses 
are needed (maybe an order of magnitude) to get a stable 
estimate of the time, The thousands of responses per condition 
required to get stable error estimates is often more than most 
sponsors can afford. 

Clearly, eye fixations are informative as well. However, 
they are difficult to collect and analyze. Unless an automated 
system is available for those purposes, the authors would not 
recommend that eye movements be recorded. 

How Should the Accident Data Be Examined? 

Obtaining information about the use of controls and 
acddents is not easy. There are no data bases that directly 
code problems associated with controls. There is only one 
study of this in the literature and it relied upon searching 
police report narratives stored in computer files. There has 
been some informal discussion at UMTRI of developing a 
narrative accident data base for fatal accidents in the state 
of Michigan but there are no formal proposals for action. 

How Should Reports of Problems Be Collected? 

Mail-in surveys of licensed drivers (Anacapa, 1974; Burger 
et al., 1977) and interviews of rental car drivers (Anacapa, 
1974, 1976) have been used to obtain reports of problems 
drivers have using controls. The Anacapa (1976) data suggests 
there is a correlation between the two methods and both seem to 
yield reasonable data. The selection of the method is a matter 
of cost. 

How Well Correlated Are the Various Measures? 

There is some information, but not much, on the 
relationships between measures. As noted previously, there is 
considerable evidence that the performance measures (response 
time, errors, eye movements, lane deviations, etc.) are 
correlated with each other. Also correlated are 
expectancy with performance (Anacapa, 1976) and reports of 
problems with performance (Mourant et al., 1977). 

What Research Is Needed? 

In addressing these questions, an important issue is how 
much realism is required. While production vehicles offer more 
realism than mockups or sketches, they also cost more. When 
selecting the level of realism for a study, the question is, 
"Does changing the level of realism change the conclusions one 
would reach about the relative merits of alternative designs?" 
(In scientific jargon, "Is the interaction of realism with 
other dependent measures statistically significant?") 
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Other perspectives are important as well. The data 
collected in human factors studies will be used by managers and 
people who work for them who may not be trained in statistics. 
They may not understand the scientific arguments about 
interactions. They must believe in the data if they will use 
it, and what they really want are experimental contexts that 
closely match actual driving. In the discussion that follows, 
only the minimum level of realism required to satisfy 
scientific concerns is called for. As a practical matter, 
greater realism may be needed to convince designers the data 
are useful. 

The authors strongly believe that several studies should 
be conducted over the next five to ten years to address issues 
related to human factors and the design of automobile secondary 
controls. Those studies concern accidents (identifying which 
controls are distracting to drivers and lead to accidents, 
which controls tend to produce injuries when struck), how 
frequently various secondary controls are used, basic human 
performance research (developing new tools and methods for 
collecting data, developing a human performance model), 
identifying driver expectancies and preferences for controls, 
developing prototyping tools, and determining recommendations 
for switch feel and sound. 

Which Secondary Controls Are Associated With Accidents? 

There is considerable interest in designing controls so 
they don't distract drivers. Without specific accident data 
identifying what the problems are, it is very difficult to do. 
The best source for this information are the narrative 
descriptions of accidents in police reports. It has been said 
the North Carolina data base, used in the past, is not in good 
shape. It may therefore be necessary to create a new narrative 
data base for this purpose. This data base would be useful for 
examining other problems for which information is not coded in 
most structured accident data bases. For example, in the past 
there was a recurring interest in post-crash fires. But since 
the term "fire" was not coded, tabulating accidents was 
difficult. 

Also useful could be data on the extent to which drivers 
are injured by controls in crashes. The UMIVOR data base 
(University of Michigan Transportation Research Institute, 
1986) has a variable that identifies such accidents. This kind 
of information could be used to examine the usefulness of the 
EEC rules for control design. 

Finally, the authors would argue for looking at case law 
to determine what human factors problems have been cited in 
product-related actions, paying particular attention to 
controls. No one has ever done this and this information would 
be useful in establishing research priorities. 
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How Often Are Various Secondary Controls Used? 

An important principle in designing controls is that 
frequently-used controls should be close to the driver. Except 
for-the ~immonds (1976a, b, c) statistics, there are no data.- 
Further, the Simmonds data does not contain any information on 
use of the radio or climate controls, both high frequency-of- 
use items. In addition, depending on the Simmonds data is 
risky since it is not clear exactly how the data were obtained. 

There is considerable interest in making radios easier to 
use. One way to achieve that is to provide remote radio 
controls on the steering wheel hub. But without statistics on 
how often the various radio functions are used, it is difficult 
to decide what should be remotely mounted. 

What Human Performance Research Is Needed? 

There is a continuing and critical need for basic human 
performance research concerning how people use controls. 
Related to that is a need for simple experimental tools 
designers can use to test prototype instrument panel 
configurations. To carry out such research, a PC-based driving 
simulator is needed. The purpose of the simulator would be to 
generate a simple road scene and collect steering performance 
data. High fidelity simulators do exist, but they are so 
expensive (Mercedes spent 20 million dollars for one) that no 
American car manufacturer has one. 

Also needed to support performance studies are better 
methods for recording the use of controls. It is very 
expensive to hard-wire each possible configuration of interest. 
While one could videotape driver actions, it is likely those 
data would be analyzed by hand, which is very time-consuming. 
More automated methods are needed. 

Using these improved tools, several basic studies should 
be conducted. The purpose of the studies would be to develop a 
quantitative model that predicts the time to use controls in 
timesharing activities such as driving. The Model Human 
Processor (Card, Moran, and Newell, 1983) and the proposal of 
Green (1979) are examples of the form that model could take. 
This model should ultimately prove to be of great value to 
designers, allowing them to substitute paper and pencil, or 
computer tradeoff analyses of driving activities, for more 
expensive laboratory or on the road studies. Of the research 
proposed in this report, this project has the highest priority. 

Where and What Kinds of Controls Do Drivers Expect and 
Prefer? 

There is also a continuing need for research on expectancy 
and preferences for controls. Pod control configurations are 
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being examined in a subsequent study in this series (Green, 
Kerst, Ottens, Goldstein, and Adams, 1987) so further 
examination of that configuration is not needed. However, some 
manufacturers have plans to produce cars with flat, 
conventional panels in the future. The most recent expectancy 
data for flat panels is from the mid-70s and it is dated. 
Information on both control location and types is needed. 

A key issue is whether or not both preference and 
expectancy data are required. As Anacapa (1976) showed, the 
time to use a control depends upon how close it is to where 
drivers expect it. That argues for collecting expectancy data. 
On the other hand, the goal of giving customers what they want, 
argues for preference data. Further, at any given time, 
existing expectancies are being used to design future vehicles 
(three or four years ahead). Compensating for this are 
expectancy lag effects. Individual expectancies depend upon 
the car one is driving, not the latest model that is out. 
Expectancies change with each new car purchase, estimated at 
once every four years (Andrea, 1987). It is not clear what the 
relationship is between expectancies and preferences, but 
presumably they are correlated. For these reasons, the authors 
would argue for collecting preferences over expectancies, but 
both types of information are useful. 

What Design Tools Are Needed?. 

A major problem in the automotive industry is that even 
when human factors data exists, it often is not applied. Most 
designers have little formal training in human factors and 
there are not enough human factors engineers in the industry to 
help them. Further, when designers do get feedback (for 
example, from a test) it is often months after their work is 
completed, too late to influence the first production run. 
Designers need a way to get human factors feedback while they 
are creating the design. This could be accomplished by 
including some human factors expertise in a computer program 
for prototyping instrument panels. While the CAD companies 
have done some work to include data on human reach in their 
software, not much has been done to include human factors 
expertise concerning control selection, size, spacing, and so 
forth. Much of the detailed human factors data needed exists; 
it is only a matter of incorporating it in software. As with 
many of the previously mentioned efforts, the authors' bias is 
towards implementing this software on a PC so that it is widely 
available to engineers. 

What Should Switches Feel and Sound Like? 

Within the industry there seems to be considerable 
interest in this issue. While it is important to customer 
appeal, the authors would give it lower priority than other 
work mentioned here. 
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What Will Make It Difficult to Complete the Research Agenda? 

While there are many questions to be resolved concerning 
controls, getting those questions answered will be difficult. 
The purpose of what follows is to identify those difficulties, 
and in some cases, propose solutions. Clearly the authors 
believe there is a great gap between what designers and 
engineers need to know and is now known. Changing this 
situation is a major professional challenge. 

Research support is hard to come by. The National Highway 
Traffic Safety Administration (NHTSA) of the U.S. Department of 
Transportation has sponsored much of the research on controls. 
The last project NHTSA funded was four years ago (Khadilkar, 
1983). NHTSA's primary mandate is to support safety research, 
but many of the projects identified in this report relate to 
ease-of-use, not an issue of current emphasis. (There has been 
some discussion of supporting related research on improved 
evaluation methods.) There are no alternative federal sources 
because all problems relating to transportation are DOT'S 
responsibility. NHTSA should be encouraged to change its 
program emphasis to address contemporary and future problems, 
in particular those related to advanced technology and 
competitiveness. 

The Motor Vehicle Manufacturers Association (MVMA) has a 
long history of supporting research. But with many topics to 
cover, the funding doesn't go very far. The last study on 
controls MVMA funded was eight years ago (Green, 1979). Any 
project MVMA would fund would have to be championed by their 
Human Factors Engineering Committee. 

In the past, suppliers of switches have not supported 
research. They tend to be small operations with little 
capital. With the growth in outsourcing and the trend to give 
suppliers more responsibility for engineering, that could 
change. In other areas, especially headlighting, there has 
been strong supplier interest in supporting human factors 
research, particularly by the Japanese. That could happen for 
controls as well. 

Over the next few years the car manufacturers will be the 
primary source of research support. With regard to controls, 
the manufacturers are most likely to support studies related to 
ease-of-use in an applications context. In the past research 
has been sponsored by product development groups, not groups 
concerned with upgrading the corporate technical capabilities. 
Since this pattern will probably not change, support for basic 
research will be difficult to find. 

An extremely significant exception to this pattern is the 
Chrysler Challenge Fund. That program is a corporate-level 
effort to support major projects. If Chrysler maintains that 
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leadership role and supports some of the research identified 
here, that single program could advance the state-of-the-art in 
automotive control design more than any other program has since 
human factors research first began. 

There isn't a research community. Because funding has 
been scarce, few people are familiar with the research on 
controls. Funding in the early 80's has been inadequate to 
support even one academic researcher full time. Of the 43 
authors whose works are examined in the literature review, only 
8 are authors of more than one piece of research and almost 
none have written more than two pieces. For a field to 
advance, a critical mass of scientists is needed, and that will 
only occur if there is long-term support and they are able to 
discuss what they are doing. 

Presently, a free flow of information is discouraged. The 
current emphasis is on proprietary research, primarily 
marketing field studies (clinics). Many industry researchers 
are under orders from their management to say absolutely 
nothing about what they do. While there may be good reasons 
for keeping product-specific results proprietary (until the 
product is released), researchers should be able to openly 
discuss methodological details. Everyone would benefit from a 
greater sharing of information and there would be much less 
duplication of effort. Somehow middle and upper level 
management in industry needs to be made more aware of this 
problem. 

The excessive emphasis on proprietary research creates 
problems for those in universities. The Chrysler Challenge 
Fund, which is supporting this literature review, is an 
important effort to counter this trend. Universities are 
supposed to advance the state of knowledge and educate 
students, and that depends upon the free flow of information. 
Most major universities (e.g., University of Michigan, MIT, 
Caltech, Harvard, etc.) limit the duration for which research 
they carry out can remain confidential (typically from four 
months to a year). (Because of the "publish or perish" 
syndrome, it is not in a faculty member's interest to conduct 
strictly proprietary studies.) Universities and industry need 
to find creative ways to structure projects to separate 
proprietary and nonproprietary aspects. 

A particularly grey area is just what faculty members can 
discuss in class and what students working on research projects 
can talk about. Usually the constraints are different from 
those on publications. Clearly, it is in the manufacturers' 
best interest to let students (their future employees) know of 
their interests. 
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Why This Research Agenda Should Be Completed 

Until the early 198OVs, human factors research on 
secondary controls advocated for reasons of safety where safety 
was assessed by how much the use of controls distracted the 
driver from paying attention to the road ahead. While there is 
considerable evidence that can occur (e.g., Perel, 1976), the 
linkage is is not nearly as strong as for many other factors, 
for example, alcohol. Recent work has emphasized ease-of-use. 
Customers view ease-of-use as an important product quality and 
consider it when deciding what to buy. Providing easy to use 
products will certainly enhance a manufacturer's profitability. 

But in order to design secondary controls that are easy to 
use, manufacturers need basic data to predict human performance 
when using controls, tools for designing control clusters, and 
procedures for testing alternative designs. To a large 
measure, that information does not exist and hence many of the 
design decisions are based upon guesswork, not rigorous 
engineering procedures. Consequently, the products that are 
developed sometimes aren't very good. That situation 
frustrates engineers, leaves marketing unhappy, and most 
importantly, does not give the customers what they want. 

A Final Word 

Now having read almost 200 pages filled with text, 
figures, and tables, some readers may be a bit disappointed 
with the lack of generally applicable design data and 
engineering analyses. Beyond the five-inch rule in the 
automotive literature, and some information in the general 
human factors literature on size, spacing, and related 
considerations for controls, there isn't an overwhelming body 
of useful knowledge. The authors believe this reflects the 
perspective of sponsors, who have tended to have short-term, 
product-specific goals. There is an urgent need for the 
support of basic research, studies that will be useful 5, 10, 
and 20 years from now. 

A good example of that kind of work is a study carried out 
by the second author a few years ago on displays (Green, 1984). 
That study concerned how the design of displays for engine 
parameters and fuel influenced how well drivers understood the 
information shown. Questions concerned whether digital or 
analog displays should be used, how effective color coding was, 
how scales should be labeled, and so forth. The answers to 
those questions will not change with time and are applicable to 
electro-mechanical, LCD, CRT, or any other types of displays 
that might appear in the future. More of this type of research 
is needed. 



What Additional Research Is Needed? 

This review set out to answer several specific questions, 
which it has. But often the most significant outcome of a 
study is to identify new questions. This review has certainly 
done that. However, the ultimate success of this review will 
depend upon how effective the authors have been in convincing 
those in industry to follow the design recommendations and 
support its research agenda. 
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APPENDIX A - EXPECTANCY PLOTS FOR CONTROLS FROM ANACAPA 1974 





























APPENDIX B - CONTROL RECALL ERRORS FROM ANACAPA 1974 
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This Roqmprlitior/Mmtiw a p p i l n  t o  t h r  intuior p r t s  of  th r  putmpcr c o l W t u n t  ( o t h u  
than t h  m r - u i n r  drror or drrorr); tho u r a n p r r n t  o f  th r  c o d r o b ;  th r  roof a d  thr 
s l i d ing  roof, a d  the :ratkt a d  t h r  nu pads of seats. 

2. 

(2.L) 

2.2. & IVehiclr type1 d t h  m a p d  to  tho intuia f l f f l n q  of t h  p a n r n g r  c o g u t r o n t  ( o t h u  
than t h r  n c r c r i c u  8irror(s): t h  anqwrnt  o f  t h r  contmb, th r  roof or s l id ing roof, 
tim back nrt and nu put o f  tbr s u b )  nm ntor rJdclrr uhich do not d i f f r  ir such 
crrratirl m o d s  u: 

2.21. t h r  llna of coact i tomt dwtk of t h r  bodpork o f  the p u r c n p r  c o g d n n t ,  

2.2.2. th r  mnqwd of tho &la, 

23. 4 tnfwncr z w l   MI t L  h a d  fag& ton8 r d r f l n d  in An~r trccpt: 

2.3.1. 1 t h r  uu boundad by the fmud horizontal ptojcction of  a c i n l r  c f i r u n t r i b i n g  thr  w t u  
U t a  o f  tho s t a d n q  control, irrnud by a p w i D h w i l  band 127 r i n  width; th i s  m a  
ir barndad b t l w  tim horizontal p l u r  taagcrrtial t o  tho l o u r  dgr of  thr  stccring control 
ulnn the lrttr is i n  the p a i t i o n  for biv fnp  s t n i p h t  aimd, 

2.3.2. thr p a d  of  the s u r f x a  of  tho fnatnmt p m l  e o w b d  b a t u r n  th r  d q r  of thr  aru 
s w i f l d  i n  point 2.9.1 &ow a d  the w r w t  inn* sideurU o f  i h r  v8hiclr; t h i s  
Mfm ls boradod b*lou by tho horizontal p lmc  t a g r d i d  t o  tho lewr d q r  of thr  
a t u r h q  cantmi; and 

2.3.3. the vindrtmr rid8 p i l l r r r ,  

2.b 4 l l w r l  o f  th i n r t r a r m t  pand l  sha l l  n r n  the l ina d r f l n d  by thr  points of  contact of 
vutltrl t w t s  to  t h r  i n r t n t n n t  p m l ,  

2.5. 4 lmft s m  u r n  th r  p d  o f  tllr vahiclr & d i n g  f r a  the u p w  dpr of  thr  wind- 
s- to  the PWU dpl of  th8 m u  dndm, b w d d  at th8 $id88 by the uw f r a m o r k  of 
the sidwdh, 

2.6. 'belt  UM' sha l l  a r m  the Urn f& by th r  t n n a p u r n t  l w u  contow of  the side uindowr 
of  th8 vd l i c l t ;  

(4) Sam also bgprndix t o  An~xw 1. X I ,  III, 1V and VI, on paqr 6 ,  
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2.7. / b m r i l b l r  veMclrt  sha l l  wm a v rh ic l r  vhwc i n  c u t d n  cmflgorrt iona t h m  ir 
m rigid grt o f  t h  v l h i c l r  body a h 8  tk belt UIU with t xcwt ion  of the front roof 
supparts &lor the roll-anr bm andlo tha oa t -be l t  anchonpr points; 

2.8. h h i c l r  v i t h  oomtiq mft shal l  wm a w h i c h  of  which only th r  roof or  a part o f  
i t  can ba folded back a br opm, or  y slide, I t s r i n g  thr  existing structural 
d a d s  of t h r  v rMe l r  cbon t k  b r l t  be; 

2.9. 'folding (tip=uw1.sutb shal l  nsn an r w  rut  i n t U  for occasional uar and 
vMJI i( M y  foldod at of  the #I; 

3. Af'PLICAfml FOR EEC TYPf lPPROVK 

3.L Thr appllcrtfon for typr aoprowd of a v r M d r  sha l l  be s u b d t t d  bl thr  v d d c l r  
r n a f r c t u r u  or by his  npcwmtativa. 

3.2. It sha l l  br ~ c c a p d d  bt tk u n d u a m t i o d  dotormts i n  M O U c a t r  and by thr 
fol lovfn9 p v t i n l r r :  

. a dddld d a c r i p t i o r  o f  thr w h i c l r  typa v i t h  mgard t o  thr item m t f o n e d  in 
Point 2.2. h a ;  

- a p h o t o q l ~ h  a an rtplodrl r iw of thr p u s w p r  c w p v t u n t ;  and 

. tln lukn u d / ~  ~~rbok  i d r n t i t r i n g  thr ~ t . b r  ~ p d n e d .  

3.3. Thr fo l lor inp m s t  br  dmittd t o  thr technical s m f c r  m w m i b l r  for conducting 
tha t a t s :  

3.3.L at thr r i n r f l e t o m r ~ s  d i s w d i o i ~ ;  r i t h r  a vdde l r  n p n t r n i a t i v s  of thr vehiclr typr 
t o  ba copand w the p d ( 8 )  of  t h r  vahicla mprdd u essential for the checks and 
t a t s  pradd by t h i s  Mmtirc; rod 

3.3.2. at thr rrprrt of t h  a f w r a i d  tr&d s m i c e ,  c u t a i n  cmponmts and certain 
s r r l a  of thr u t u i a l s  uad. 

(4) 

5. SPfCIFTcATIOIIS 

5.1. Fmud i n t u i o r  pads of  tha puranpcr c o c s v t n n t  abovr the lw r l  of the i n s t r u m t  
pa81 in front of  thr  front srat H points, excluding thr  side doors 

5.LL ( thr mfwcno tone d r f i m d  i n  pint 2.3. a h  m s t  not contdn a q  dangerous rwphnar  
a shrp cdga l i k e l y  to  imur thr  r i s k  of s w i w a  i n j u v  to the occupants. Thoaa 
p u i s  n f n e d  to i n  points 5.1.2. to 5.1.6 h w c r f i r  sha l l  br d d  s a t i s f a c t w  
i f  thoy cololy v i t h  the n p r i m n t s  thrcof .  

5.l.Z. Vrhiclr parts v i th in  the mfmmr zone u i th  thr  rrceotion of thocr, which am not 
p r t  o f  th r  i m t r u n n t  p a w l  and v h i l  am p k t d  at l u s  than 10 er fror glazed 
s w f w w  sha l l  br m r q y - d i u i p a t i n g  ar p m c r i b d  i n  Anna: III. Thoo parts within 
th r  nfmmr zonr which satisfy both of the f o l l d n p  conditionr shal l  also br 
euludod frar conrideration: 

- if, during a t w t  i n  aceordaner u i th  thr  m q u i r e d r  of Anntx 111, the ptndulur 
u k r  contact u i t h  parts outsida the wfmclcr zone; and 
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- i f  the parts to  be tasted w e  placed l u a  than 10 c r  a u q  f rom the parts contactad 
ortsida the n f a r n c e  zone, th i s  distance baing nuwd on the surface of  the 
r e f u m e  zone; 

any w t d  nppart f i t t i n g  sha l l  h m  no protruding tdqa. 

5.l.3. (4) The lorn ad* of  the i m t r u w n t  paml, u n h  it m t s  the r c q r l w m t s  of  point 
5.l.2. cbovr, sha l l  k mndd t o  8 ndfuc of  e v n a t m  of  not leu than 19 m. 

5.24. (0 Svfteha, prll-knab8, etc., ride of r i p i d  utwfrl, uMch, n d  i n  accsrdmo with 
thr n t h o d  d w a f b d  in Anmx V fr# 3.2 7 t o  9.5 n from the pawl, sha l l  hm a 
a o r w a t i o m l  am of  not 1- thaw 2 a , wuwrd 2.5 r from the point projecting 
W h a t ,  and sha l l  have rounded dgu u i t h  a ndiut of  curntuw of  not less than 
2.5 r. 

5.l.5. (() I f  t h a e  corpoc#crtr mjet by am than 9.5 r fror the s w f w a  of  the imttownt 
p a d ,  they sha l l  be so dmignod a d  c o m t r w t d  u t o  b r  able, under the effect of a 
longitudinal horizontal farce of 37.8 dal d a l i v w d  by a f l a t  endad n a  of not #re 
than 50 n diurtw either t o  ntntt i n to  the surface o f  the pond unt i l  they do not 
pojct by pn than 9.5 n or  t o  brcor datr tnd;  in the h t tw  c u e  no danqafwa 
projections of  tom thsa 9.5 m sha l l  mnia; o m u - e e c t i o n  not than 6.5 n 
frol thr point of  n x h m  p r o j u t i o n  sha l l  ba net leu than 6.50 a in mr. 

5.l.6. (4) I n  the case of  e project ion c o n i a t i q  o f  a corgencnt u d e  of  nan-ripid u t w i a l  of 
lw than 50 sham A hardnoad 1011dd am a riqid support, the n ~ o i m n t s  of points 
5.24. and 5.1.5. sha l l  awly only t o  the r i p i d  support. 

5.2. Fwd i n te r io r  pdr of the p r a e q u  c ~ v t w n t  'belou the Iml of  the i n s t n r n t  
p a l  and i n  froat o f  the front seat H points, e tchding the side doon and the p d a k  

5.2.1. (4) Bcco t  for the pedal8 a d  the i r  f ixture8 and t h w r  corpomntr that cannot be contacted 
by the dwice d d b e d  in Anwx YI and u r d  i n  accordrme with the p r o c d u n  
d rc r ibed  therein, colpanrnts c o r d  by point 5.2, sha l l  cwly u i t h  the r w u i r m n t s  
of uointt 5.L4, t o  5.L6. &we. -- - - 
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5.2.2. (1) The hand-balre c o n h l ,  i f  wanted on or undr  the instrnwnt panel, s h l l  be so 
plvad that, rhea it la n l e t t r d ,  t h m  la no poreibillty of m e a n t :  of the 
d d c l e  con t r t inq  it in the m a t  of a frontal irprct. I f  thia condition i s  not 
nt, the swfact  aru of the eontml dull satirfy the nqoimeh of point 5.3.2.3. 
belou, 

, 

5.2.3. (I) Shelvr  ud other s i b  itw dull bo so d r i q n d  and c w t r u e t d  tht thir 
support8 L no cwc  h v e  protndinq dqn and thoy mt o r  a o t h r  of the follouinq 
C o ~ t i O l l I :  

S U M M U Y  OF MlCPNATIONAL VEHICLE LEGISLATION - - - . - . . - . - . -  -..---- -..- - 

5.2.3.1. (1) tho p u t  facinq into th &le shll prad a surface not leu than 25 r high 
with cdpr rand4 t o  a nd iao  of a t m a t u n  of not lm than 3.2 r. lhia surface 
sh8ll k comd with an mrqy&igetinp &air1 u defined in  Annex III, and 
a h d l  k t r t d  in aceorhem t h u w i t h ,  the 4 r c t  b e h  npplied L a horizontal 
loq i tud inr l  direction. 

5.2.3.2. (1) Skelvy ad other s i d h  i t r  ahall, uadar the e f f o d  of a fforvrtd-rtfnq borlzontsl 
l o n g i t d b d  force of 37.8 W exuted by a qUr of l l 0  r d i r n i w  uith its axia 
nrtfcrl, brcow detachad, brook up, bo mbstantirlly distorted or n t n c t  without 
pradKing duwycae f d u r a  on thr ria of the shelf. Ihr force mat  be dirrrted at 
tho s h q a t  p u t  of tho s h d v r  a other s i d l r  itm. 

5.2-4. I f  th i t r  in  p l r t i o r  contain a p u t  udr of m t r i r l  softer than H) s h a r  A . 

hrd#a u h r  flttad t c  a riqid s a d ,  the above npuinrmts, enco t  fa the 
reqinmts corrd by k w x  RI nlrtinp to e m  rbtorutian shall awly. 

5.3. (1) M h r  interior fitting, i n  th puratqu c o r p v t m t s  in front of the tnnrvrrre  plane 
pwb9 through the torso n f r r m o  UM of the unikin p l r d  on the m a w s t  seats. 

Ihr ngfrrrnts of 5.3.2. k l o u  shall apply to control handler, Ievua and knobs and 
to  my o t h r  protrndinq object: not n f m d  to in points 5.1. and 5.2. above (see 
ck, under 5.3.2.2.). 

I f  tho i t a  n f e m d  to  i n  point 5.3.1. m so placed that otcuvantr of the vehicle 
un contact t h r ,  they shall rrt the ngvirmnb of points 5.3.2.1. to 5.3.4. If t h q  
err k coatadd by a, 165 r d i a n t w c g k m  and am h e  the l o u d  H point (see 
Annex IV) of the front r u t s  and f o n d  of the t r a m v m e  phne of the t o n o  r r f m n o  
Urn of tk w i k i n  on the rrmolt s r t ,  a d  outaide the zonn defined in points 2.3.1. 
and 2.3.2., thrrr n q r t r r m t a  shal l  bo c o n r i d d  to hm been fulfilled i f :  

5.3.2.1. (1) Thrir s u r f r e  $hail t m i m t e  i a  rounded cdqr ,  the n d i i  of c u n a t u h  being not I r a  
t h u  3.2 m. 

5.3.2.2. (1) Control l w m  and knobc h a l l  be so d r i q n d  and comtructrd that, under the effect 
of a f o n d - s t i n g  lonpi tudinl  horizontal force of 17.8 den either the projection in 
its rort ultnornblr pr r i t im shall k n d o c d  to not ron than 25 w fro@ the surface 
of the p r ~ l  a the said f i t t inpl  c h r l l . b a m  detached w bent; in the tuo l a t t e r  
cum n Cngmw projKtiom shal l  mria. 

Yindar uindr, my, howevr, project 35 r frw the ~urf8Ct of the p a ~ 1 .  I 
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SUMMARY OF INTERNATIONAL VEHICLE LEGISLATION 
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5.3.2.3. (4) Thr h a d  h k r  control uhrn i n  the nlwd pot i t i on  and th gear 1ww mhtn i n  any 
fawrd gur p s i t i o r ,  t u r ~ t  u h  u h a d  in t h r  2 w r  dtfind in paints 2.3.1, and 
2.3.2. and zomc b r h  th r  horizontal plane putiag2thwugh tho H point of thr  front 
scats, sha l l  haw a swfaca vu of at  l u s t  4.5 m nard at  a ~ - t u t i o n  m a 1  
t o  tha longitudinal horizontal Mion up t o  a distaner of 4.5 r fm t h r  f u r t h a t  
p w j n t i n p  part, th, mdlw of m n a t u r a  bring not lar than 3.2 a. 

5.3.3. k rawimadr of p o M  5.3.2.3. sha l l  not auuly t o  f l oa -amntd  hand bmka control; 
far such controls i f  the height of  ml p a d  in thr  n l r d  posit ion L abmr a 
horlrontal p h  p r u i n q  th ragh  tln Id H poiat of the f d ~ r a t s  (sar Annex IV) 
t h r  control sha l l  haw r w m  srctfonal am o f  a t  Id 6.5 a , enasad i n  a 
Iwr t ton ta l  p h ,  not ion than 6.5. r frar th f w t h d  projrt ing p a d  (n r ru rad  i n  
th r  &a1 d i m t i o n ) .  Thr radius of  c a m t w r  m a t  not br 1- than 3.2 n. 

5.3.4. (j) 0 t h  it- o f  quiuud in the v d i e l a  not c w d  by t h r  p m d i n g  points such w 
s r t  s l id0 niL, qupriDwnt for m q l r t i n g  th r  ho rkoa ta l  or v a d i c a l  p a r t  o f  tha 
s a t ,  d e v i c r  fo r  mtnetinq safety bu lb ,  rtt. sha l l  not br s r b j u t  to  any o f  t h a t  
pmiaionr i f  t h q  am s i t o s t d  b r h  a Mental plam pauing thmrqh th r  H point o f  
crJI swt ,  cwn  thovgh thr ocewd ir U r l y  t o  coma M o  coatad with such it-. 

5.3.4.1. (4) C ~ ~ o m n t s  m a t e d  on thr roof but uhich are not p a d  of  the roof st roctun,  such r 
qmb had lm,  l i g h t s  and sun v k o n ,  ctc., sha l l  h m  a radius o f  m w a t u r r  of not Itu 
than 7.2 n ad ,  fn addition, the width o f  tb p r o j d n g  parts sha l l  not br  Iru than 
thr a w n t  of  thdr doummrd projection; a l t m e t i v r l y ,  t h n r  corponrntr sha l l  our thr  
e n u q y d b s i ~ a t i n g  tat i n  accordrnea with th r  rw~irauntr of hnax III. 

I 
I 

5.3.5. I f  thr  i t u a  i n  q u r t i o n  include a part mad# o f  utlrial s o f t r  than M shore A hardntss 
mntd on a r i g i d  support, the above r q u i m t n t s  sha l l  @ply only to  thr  r i g i d  support, 

5.4. (4) 

5.b.1. Scopa I 
1 

5.4.U. Tha nsrimrrtr o f  point 5.b.2. belor sha l l  apply to the i n m r  face of tha roof. 
I 

I 

5.4.1.2. Hourrrr, t h q  sha l l  not iop ly  t o  such p v t s  o f  the raof as cannot ba contacted by a 
s p h m  165 a in diurtw. 

5.S.2. R l s r i n m t a  

5.4.2.1. ( That part of the i n n w  fro o f  th r  roof which i s  situated abwr or forward of thr  
oecupads shal l  exhibit  no dmpcrwr mghnru or shup edgn, directed rearwards w 
doumards. Thr width of  the projecting p d s  shal l  mt br  l a s  than thr  amount of 
the i r  d a r m r d  p m j c t i o n  and the dqu shal l  have a ndiw of  eunature of  not l a 8  

than 5 n. I n  p a r t i c o h ,  the r i g i d  roof st icks or rib, with thr  excrption of the 
header nil of  the glazed su r facn  and door fram, sha l l  net project dounuardr -re 
than 19 m. 
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5,4b2.2. If the roof st icks or rib8 do not mt t h r  r w u t m m t s  of point 5.4,2.1., t h s  lort 
p u t  thr maqy-diasipation tat i n  wcordrncr u i t h  tha n q u i m t n t s  of Armtx III. 

5.4.2.1. Thr dd v i m  uhich stretch the l i n inq  of th r  roof and thr fnm of thr  sun visors 
m s t  h m  a r u h  d i d w  of  5 r or br ablr t o  absorb the tnugy, rr p r w w i b d  i n  
Anmr III. llorwipid a t t a c h 4  a l d s  of  tha f n w r  of  t h  sun visors s b l l  mt 
th  r c p r f n m t r  of point 5.3.4.1 

5.5. (4) VrMtlr 4 t h  an waning roof. 

5b5.1 RwsrLwnta  

5.5.1,L Tha followinq n q r i m n t s  a d  t k r  o f  point 5.4, J o n  s h l l  toply to  v h i c l a  with an 
w d a q  mf d m  the roof is la th  c l o d  pai t ion.  

5.5.1.2. (1) In addition, th r  oponinp and ~mting d r r i c a  shall: 

5.5.LZ.L b r  M drrigmd and conr t ructd u to rxcludr e fw u p w i b l r  w t i d t n t a l  opmt ion;  

5.5.1.2.2. Thdr d r a  sha l l  trdartr in r o r d  (dw, the radii of  c u n a t w r  baing not lru 
than 5 r. 

5.5.LZ.3. (1) ba . N t d ,  u h u  i n  thr p a i t i a a  o f  mat, in mu uhich euwt be contactd by r. 
tphm 165 a in  didr, I f  thir c o d i t i o n  a#ot br  ad, thr oprning and w r a t i n g  
drricr dull, in tlu pod t ion  of rut, d t h r  ruin mtrrctd or br  so desigmd and 
c~( l ( twetad thd ,  undw tlu r f f d  of a f m r  o f  17.8 dd applied in the d i r c t i o n  of 
4d d r f i d  in Armox X u tlm tanqmt t o  the t n j u t a r y  of  the h d f a m ,  c i t h r  the 
p r o j c t i o r  u drc r ibod  i n  Amnx V shal l  br  ndocd t o  not m n  than 3 a bqond thr  
snrfacr oa uhieh thr duvicu am mntd or th r  d r r t n ,  sha l l  b ~ a u  dr tcd ld;  i n  the 
l a t t r  em m dangwas prujectiana s tm l l  m d n .  

5.6. ( I )  C o m r t i b l e v & c l a  

5.6.1, (1) In thr c u r  of c o m w t i b l r  v J r i c l u ,  only the u n d r r i d r  of thr  tw of thr  roll-bar and 
th tog of  th r  vLwbann fruc ir (11 i t s  norrrl u t i l i t r t i o a  position, sha l l  eolply with 
the m o u i m c r t s  of  paint 5.4. l h r  s y s t r  o f  folding rods or l inks u s d  to suaoart a 
noMipfd roof shall, uhwc t h q  am s i t u a t d  above or fwvvd of  the w o m b ,  exhibit 
no duqmr nmqhnru or sharp cdqlr, dlrutd rrurrdsior dmtmudr. 

5.6.2. V a M c l r  u i t h  a s l id ing roof shal l  br &jut t o  t h  r c q u k n t s  of point 5.5., 
a p p l i u b l r  t o  veh ie lu  r i t h  a a U n p  r w f .  

5.1. Rar pads of  r u t s  anchond to  the vohiclr, 

5.7.1. R#rimntr 

5.7.1.1. (1) Thr sarf8cr of the mar p r t s  of s u t a  shal l  axhibit no danqrolls rovphnru or sharp 
wipn U t l y  to  inmur thr  r i s k  or s w w i t y  of  i n j u q  t o  the occuoants. 

5.1.1.2. (11 E m t  aa p r a r i d d  i n  points 5.7,LZ,L, 5.1.1.2.2., and 5.1.1.2.3., that o u t  of thr 
back of th front scat which h in thr  hud-irpact zonr, d r f l n d  i n  Annrx 11, shal l  br 
m r p l - d i u i g a t i n p ,  u praaibd i n  Annex m. Fw dr twdn ing  thr head-iqrct zonr, 
tho front scats shall, if t h q  arm ad j~s tab l r ,~b r  i n  th r  m t  driving position with 
their b r c h  incl ined u new u p a s i b l r  to  25 u n l a u  i n d f t a t d  o t h m i s r  by the 
mufxtwcr. , 

5.1.1.2.1. I n  the casr of sooantr front scats, thr  mar passrnqwt' head-irgtct zonr shall axtend 
for 10 cn on r i t h r  sidr of thr stat c r n t r d i n r ,  i n  th r  top p o t  of ,the rear of th8 
sut-back. 
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5.7.l.2.1. I n  the ease o f  s u t a  f i t t e d  v i t h  h d m s t n i n t s  esch tat sha l l  
be carried out with the h e a k u t n i n t  in the lmut  p r i t i o n  and 
at  a point situated on the ve r t i ca l  Unr p u r i n g  through the cantn 
o f  the hewhwt rs in t .  

5.7.1.2.1. In the c u e  of  a s a t  uhich ia d u i q m d  to  be f l t t e d  in r w m l  
typw o f  vehicle, the &act zom s h a l l  be dotwdned by the vehicle 
hose  nwct Mviq posit ion is, of  each o f  the t y p a  conaidered, 
the l u s t  f r r o a b l e ;  the r a e l t a n t  &act zone m i l l  be d d  
adequate fw t h  other typa. 

5.7.LZ.t. In the w e  of front brmh su ts ,  the &ad zone she l l  extend betvwn the lonpi tud ind 
ve r t i ca l  p l m a  10 a a t b o w d  of the c n r t m  line of  a d  k i p l u t e d  outboard seating 
pcliffon. The cwrtn line of  each a t b o u d  seating pot i f fon of  a bench seat sha l l  be 
s w i f i e d  by the u n r f r t u w .  

5.7.Lt.3. ( I )  I n  the head f r p ~ t  zone outside the b i t s  p n r a i b a d  fn points 5.7.1,2,1. to 
5,7,1.2,2. ine lwive,  the s u t  f r a w  structure &dl be padded t o  avoid d i n d  
contact o f  the h e d  v i t h  it: ad, in thee8 zona, she l l  have a rsdiur o f  curvature 
of at l e n t  5 m. l h u e  p u t s  my a l t m t t i v e l y  satis* t h  enugy-dirsipating 
r q u i m a d a  s p e c i f i d  i n  Am m. 

5.7.2 T h a t  r l q r i r m t s  sha l l  not apply to  the r-t seats, to seefa facing r idways 
or rvvuds, t o  back - tdac t  s u t s  or t o  foldinq ( t i p u p )  r a t s .  I f  the b a c t  
t o m  of the s r t t ,  h e ~ t r a i n t s  a d  t h e i r  su&s contain p v t r  covered u i t h  
r t d  sofer than 50 A sham hrdnr r r ,  the a h  nqu i r twn ta ,  u i t h  the t x c g t i o n  
of  that@ rrlrting t o  rn dirt ipat ion d a c r i b d  in Anmx III, shal l  apply only to  
the r i g i d  pads. 

5.8. Other mn s p r i f i e d  fittimp. 

5.8.2 The r o q a i m n t r  o f  paragraph 5 shell apply to  such f l t t i n p ,  not wntioned i n  pnvioua 
pangcphs uhich, u i t M n  the wrrdq o f  tha vn loua r r p r L r r n t s  i n  points 5.1. to  5.7. 
a d  according t o  the i r  location in the vehicle, in capable of baing contacted by the 
occupants. I f  such p u t s  are u d e  of  a ntwid softer than 50 a h  A Rvdmss and 
rornted on (a) dpfd r u p p d ( r ) ,  the r r p r t r n n t s  in c u t i o n  shal l  apply only to the 
r i p i d  wpOvt(8). 
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SUMMARY O? JNZRNATIONAL VMlCLE LEGISLATION 

lnw II - 
C€TERRIMIUIII OF THE HEAO-DQACf ZONE 

1. Thr hlrd-impact t o w  sha l l  c-r a l l  tha n o r c g l u d  surfacw of the i n t w i o r  of a 
voMclr hid ur crpoblr o f  & r i n g  i n to  s tat ic  contact with a sphrr ical h u d  of 165 r 
in dirrta vMch is m Mv1  p u t  of  a wuvrinp awaratw vhwr d iwa t iom fmr thr 
p i vo ta l  point o f  tha MC t o  tho top of  the h u d  la continrooaly adjuatablr b t t w r n  736 r 
and 840 a. 

2. Thr a f m a d d  tw u t  ba d a t a  by tho following pracrdwr or i t s  pcohic  tquivaltnt: 

2. L fhr p i w t d  print of  tho urwinq w a t w  shall bo p h o d  r f o l l o w  for u c h  s a t i n g  
p a i t i o n  far d e h  tho l ~ l l f X f D ~  h a  udo #mfSfon: 

2.LL in tho c a r  of s l id ing sat: 

2.Ll.l. at t h r  H point ( s r  IV) a d  

2.1.1.2. (4) at a point s i t u t t d  ha i roa ta l l y  127 r fond  of  th r  H point and at a ht ight t i t h r  
m a l t i n g  trol t h r  vlrirtion i n  thr hoipht of thr H point w a r d  by a fonard sh i f t  of 
127 r or o f  19 m. 

2.L2. in tho tur of  n o ~ l i d i n q  s d a ,  at thc H point o f  thr  s n t  undw eonsfdoration. 

2.2. (4) All paints of  contact s i t u r t d  fomd of  tho H point shal l  br  d t t u o i n d  for tach dlrrnsion 
from th r  p i w t a l  poiat t o  the too of thr h e d  uqoblo of  being wasumd by the weasuring 
awuatn within th r  i n t w i o r  d lwn iono  of the nh ic l r .  

I n  th r  c u r  v h m  tho hwdfom, u i th  the arm sat at mn i ru r  ltngth, our laor  the front 
sad, from thr nu H point, no contact point is t s t a b l t r h d  for th i s  particular operation. 
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23. With thr  r r r tu r ing  aooaratot v w t i c d ,  possiblm points o f  contact sha l l  b r  d e t t r d n d  
by pivot ing i t fwv& and ddovmadt through dl am of v u t i c a l  p l a m  aa far as 90' 
on dtk sfdo of  the longitudinal diul p h n r  of  th r  r j d c l r  which p u s a  f h m g h  
the H Point. 

3. ( I )  A 'point o f  contrct' s h l l  be a point d uhieh the head of  th r  apparatus coatads a p u t  
o f  t h r  intofor vohiclr. Thr urfu dournard m v d  sha l l  br  linitd t o  a poaition 
uhua tho h o d  k t a g a n t i d  t o  a W o a t a l  p h  s i t u a t d  25.4 an abwr tho H point, 

Angx rn - 
PROCEDURE FOR TESTIN6 APPARATUS MID fEST PROdWRE 

1. SETTINS UP, TLST APPARATUS AM PROCEDURE 

1.L - Setting up 

L1.1. Phr tmcn-dfu ipat ing utrtrl sha l l  be r a o n t d  and tutd on t h  s t r u t t u r d  
srpOatinq d u  on uhich i t  k t o  be install,! on tho d i c l r .  Tho t r t  sha l l  
p r r fuab ly  br cwrid out, u h r r  pouiblo, d t r c t l y  on t h r  body. t h r  s t r u t t u r d  
&w, o the body, sha l l  br  f i n l y  attachad to  th r  tat brmh so that i t  d o a  not 
l o re  U* hst. 

u.2. Hamu, at the r w w f r c t u r w ~ s  mat, the itu any br wntd on a f i t t i n q  s i u l a t i n g  
i t s  tn r ta l ta t i on  or the r rMc l r ,  on condition that tho 'coroonrntl f i t t inqt assoably 
hrr  the s u n  g w n t r i c d  vmgwrnt a d  a d o q m  of  r i q id f t y  not louw and on tnuqy- 
k i p d i n g  capacity not h iqhw t t t ~ a  t h w r  of  tha nr ~co lgomr t / s t rucb ra l  suwodinq 
aah fY '  l uc lb l y .  

1.2. T a t  c~pwtm 

1.2.1. Thk cpprt tP,  sha l l  contiat o f  a uandulw rhos@ pivot i s  s a p p d d  by b d l b r v t n p r  
and h o a r  &d m a  (*) at  i t s  cantm of  percussion is 6.8 kg. lhr l o u r  t x t m i t l  
o f  tha pdalu sha l l  comist  o f  a ripid htadford 165 r d i u c t w  rhorr cantro i s  
i d m U  vdth th e n t n  of  p a m a i o n  of t h r  prnduLu 

(.) !ate:- Tlw relationship of  tha mdu& uu sa o f  th r  p tda lpn  t o  th r  t o t a l  
nu o f  tha pon&laa at a dfrtamcn r a l  bat- th r  contra of parcussion 
and t h r  uir of  ro tat ion and at a d i s t a t r  '1' ba tu rn  the ontn of 
pmity and the uir o f  ro tat ion is givcn by th r  f w r i a :  

1 

a 

1.2.2. The h u d f o m  s h l l  br  fittd with 2 d m l n o w t u s  and a wad wrcurinq dwicr ,  a11 
ctgablr of m r u r i n q  v a l u a  i n  th r  d i m t i o n  of W. 

1.3. Roeording in t t ru rmta  

l h r  n c d i n q  i n t n t w a t s  u a d  sha l l  be such that r u w r w n t s  em ba a d e  with thr 
f o h i t ~ p  d v  of a ~ f l Q :  

1.3.L k o l r t t i o n :  

- accuracy 5% of thr  rear valur 
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?U~OW up t o  1 WO HZ 

- aoct ui, s r n i t i r f t y  % of  the lwrt point on the s d r  

- wtmcy ?; 2.5% of t h  nu vr lvo 

- s w i t i v i t y  0.5 k ~ / b  

- tha inrtrurr*trtior ahdl mblr th a d l o r  t o  ba &ad thrwqhovt i t s  duration 
ad rndinpr to br rrdr t o  u i th in  o m  thmtandth o f  r :mod 

- th bqinninq of  thr 44 a t  the #nt of f h t  e o n i d  ba tu rn  thr  h r a d f m  and 
thr tlrt compand ahdl br noid oa thr madincp u a d  for rnalyt ing thr  tat. 

(1) Iat m r d m  

At awry point o f  i ~ W f  an th r  s o r f w r  to  be tat&, thr d f m t i o n  of i s a c t  shal l  br 

For tha t w t i n p  o f  tha pdt tr nfmd to i n  poi& 5.3.4.1. and 5.4.2.2. of 
h e x  I, p r e c d  by lmqthminp thr an af tha w u u r i n p  w a t u a  u n t i l  contact 
it lodr d t h  tha part t o  br  comidmd,  up t o  a lirit of 1 000 n brtvrea thr 
uid miat and tog o f  tha head of the wmtw.. Hsmu, any roof sticks and 
rib8 mfnn l  t o  in pr in ts  5.b.2.2. oMch cranrt br  contact& main s rb fw t  
t o  thr n q u f n w n t a  of  poiat 5.4.21, o f  Amrx I uith the rucg t ion  of  that 
n l a t l a q  t o  tho hdght  of  pro jwi ior .  

!dm the anqlr brtmr, thr,,dimtion of  isad a d  th r  p rpcnd icu la  t o  the s u r f r r  
a t  tln wid of isad ir 5 or lw, the tcrt shal l  br c r r i d  w t  i n  such a vrv that 
tha bagad to  the tnfdwy of the c d m  of percur ion of th r  pcndulua c o i m i d r  u i th  
thr d i m t i o n  d r f l n d  i n  p r in t  1.4.1. Tl~r h d m  dull s M k a  thr t a r t  cosonant at 
r rod of  3.1 ko/h; this spnd shaU br  w h i m d  t i t h w  by tha m tnwgy of om- 
pL im or  by w i q  m additional propllinq Mo. 

Ylrr  th  angir b d ~  thr  d i m f i o n O o f  a d  thr pupmdicular to  the surfacr 
a t  thr point of Lpcc t  i, mom t h o  5 , t h  t r t  ay br  c a r r i d  w t  i n  such a ury that 
th tangod to  thr  t n j r c t o r y  of th r  c m t n  of p c r t l l r i r  o f  the pcndulur coincidrt 
with the pworcldiculr t o  the paint o f  irprt. Thr tat s o l d  shal l  thrn be raducad 
to  th  valor of thr d c o a w d  of th r  s p d  pmmM in point 1.6.2. 

I n  tat8 cwr led w t  according to  the above procodurr, the d m l r r a t i o n  of thr  hardfom 
shal l  not e r d  80 g continuonly for ion than 3 d l i r c o n d a .  Tha dca lwa t ion  rat. 
t r k m  sha l l  br the r m r g r  of the rudinq of  thr  tuo d w r l w o u t a n .  
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E q i v d o n t  tat procodurn sha l l  be pt r t i t tod,  on condition that the r r u l t a  nquind 
i n  pmgraoh 2 a&n can be obtrimd. 

3.2, R q i b i l i t y  for d tmwt ra t inq  the q u i v e l w e  of  a wthad o thw than that ducribod 
i n  paragrgh 1 sha l l  m a t  v i t h  tht p m o n  ucing such a adhod. 

PROQDURE FOR MTUIIIIIM THE H POM an0 THE ACTUAL an4m AIIU nRo FOR VERIFYING 
THE RQATM WSrnOllS OF THE R AH0 H POINTS AM) THE RElAlIOHSHIP BETWEEN THE OESI61 
SEAT-Bm AAIIGLE AND 1% SEAT4MX ME 

1. DEFINITIOIIS 

The IH point', which i n d i c r t w  the p a i t i m  of  a s u t d  o t w a l t  in thr paucngw . 
capartnut, ia tha intmrttiw, i n  a longitudinal v c r t M  p l a ~ ,  o f  the t h w n t i c a l  
ads of  ro tat ion betuwn thr  tM& and t m o  of a h u m  body r w m c n t d  by the u n i k i n  
d d d  i n  point 3. 

I 1.2. R point or s r t i n g  nfamnu point I 
The 1R point' or l s u t i n q  n f m n e e  point' is the nfamnce point s p r i f i d  by the 
vehicle r a v f a c t w a  which: 

I 1.2.1. h u  c w r d i n a t n  d d a d n t d  i n  n l a t i o n  to the vehicle s t ructun;  I 
1.2.2. cormpanda to  th t h a r t t k a l  po t i t i on  of the point o f  t m o l t h i p h ,  ro tat ion (H point) 

for tha M ad muat rervvd n a r d  driving po t i t i on  or posit ion of  use given by 
the vehicle n m f a c t u r r  for tach ruting posit ion rprdfitd by him. 

I IS&-back a&1 ruca t h r  inc l inat ion of  the sn t -bwk  i n  nlrt im to-the vertical. 

l k h a l  rut-back angle' wna the angle f w d  by tk v u t i c a l  through the H point with 
the t m o  n f m n c e  UM of the h u m  Wy n p n r e n t a t t d  by th u n i k i n  d r v i b t d  i n  
point 3. 

I %sipn seat-bwk angle' llm, the angle p m u r i b d  by th vrrh iet  u n a f a c t u m  which: 

1.5.L d e t m i n r  the sert-bwk angle for the % w r t  and mat n w a r d  noma1 driving position 
or pot i t ion of  use piven by the vehicle mcnrfactww for each scating pot i t ion svedfied 
by hi#; 

I L5.2. ld fond at the R point by the vor t ica l  and the t o n o  n f m n c e  l ine; and I 
I 1.5.3. eorrnponds t h t o m t i u l l y  to  the actual seat-back angle. I 
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I SUMMABY OF PmRNAT'IONAL VEHICLE LEGISLATION I 
MTERHIlArION OF H POImS 4NO ICII)AL SEAT-BACK AHGLES 

k il point and an actual srrt-back anqlr shal l  br detuainad for ~mch srat inq position 
spociflod by the v r i t i c ~ r  umfacturr r .  I f  the s u t i n p  pasitions i n  tho saw row ern 
bo mqdd as s i r i l a r  (bench srat, i d r n t i a l  seats, otc.] only onr H point and an, 
actual stat-back m p l r  sha l l  br da tamind  for each rw of  sorts, th t  manikin d r s u i b d  
in point I bring s u t t d  ia a placr n g w d d  u r w m o n t a t i v o  for thr  tow. This placr 
s m  br: 

in thr c u r  of thr  front mu, thr d r i v r k r  rut; I 
in tho e u r  of thr  mum or mur, an-mtor s u t ;  I 
Whoa an H poiat and an a c b d  sat-back art bdnq d r t m i n d ,  thr srat considwtd shal l  
br p b c d  i n  the l o r a t  and mart. n r n a r d  naccrl dr ivinp position or position of use 
qivrn fw i t  by thr  vohiclr unu fac tum.  Thr stat-back shall, i f  i t s  incl inat ion is 
adjustable, br h k d  u soocifiod by the ornufacturn, or i n  thr ammcr of any such 
sorciflcation, fa a posit ion conwoondinp to an actual stat-back m q l r  of .at n r a r ' a  
p d l r  to  3'. 

A thrrr-dirnriod a d k i n  of a f l r  and eontwr eomsoandfnq to thotr of an adult 
alr of nmpr hriplrt sha l l  br u rd .  Such a a n i k i n  ir d w i c t d  in F i q w u  1 and Z of 
fir Awwdir to t h i s  Amr. 

Thr r t n i k i n  sha l l  &a: 

tvo coma&, on8 s i m h f i n q  thr  back and thr  o thw the seat of thr body, pivoting 
on an arir r c o r u t d i n p  thr axis of roiatian b r b m  the torso and thr thiqh. Thr in ter -  
sw t ion  of t M s  ax ia  n t h  the v n t i u l  d i u m  longitudinal planr of the sr r t inq p w i t i o n  
d 8 t t n i f 1 ~  th r  H paint; 

tvo eoroamrtr siaulat inq thr laps and pivotal ly a t tackd  l o  thr comontnt s i ru la t inq the 
3rd; 

b o  coloomnts r h l a t i n q  thr fnt and connwtad to  t h  ! ~ g l  by pivota l  joints s i ru la t inq 
m k l a .  

In addition, tha eoaomnt s i u h t i n q  thr  srat of thr body s h i l l  br grwidad v i th  a 
Iml cnrblinq i t s  tnnsvusa  or i rn tat ion to be verified. 

I 
Body-rrgnnt wights sha l l  br attachad at roo rwr ia t r  points cornsoonding to the r r l t van t  
c h  of gravity, $0 u t o  bring thr  t o t a l  r a s  of  thr  ranikin up to 75 kp I=. 
Ortail8 of th r  rur of th various vdqhts am qivrn i n  thr tab l r  i n  Fiqurr 2 of  thr 
lootndir to t h i r  Anna. 

Tho : m a  n f w m a  l i ne  of thr ranikin is r a o m r n t d  by a r t r r i q h t  U n r  passinq 
t h g h  thr jo in t  bduturm the thigh and thr torso and thr  t h w n t i c a l  jo in t  brtmem the 
thorrx ($88 F iqun  1 of the Aoomdb to th is  h m x ) .  

Tho t W f i r c s i o n a 1  r t n i k i n  shal l  br sat up i n  thr following qannr: 

Cht vrh ic l r  shal l  b r  olactd on a ilorizontal plane and tho srats ldjvstea ?a ar!scr:bsd 
i n  point 2.2.; I 
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thr  s tat  to br t d r d  sha l l  br  a v r d  v i t h  a ~ i u r  of c lo th to fac i k ta ta  the corr,ct 
s t t t i n w o  o f  tiu aanikin; 

the u n i k i n  sha l l  br placad ?n the scat conomrd, i t s  p ivota l  arb being p m m d i c u l a r  
to thr r d i a n  longitudinal p h n r  of the vckicL. 

thr  f ra t  of thr  qrnikin shal l  br phcad as foUavs; 

in t h r  front saats, in such a vay that the lwd  vcr i fy inq thr  t n n s v m r  o r i t n t t i i a n  
of  th r  reat o f  th r  u a i k i n  is brooqht to the horizontal; 

i n  the mar scats, u far a8 por r ib l r  in such a uay u to br in contact u i t h  the h n t  
acts .  I f  th r  f n t  then rut on prrtr of thr  flow vhich arr at d i f f u r n t  !rvrls, !he 
foot uMcb firrt c o w  'fnto contact with th r  M orat sha l l  s m i c r  as a nfarencr 
point and th r  o t h r  foot shall ba so amngmd that th r  l t v r l  9mblinq thr  t n n s v t r r r  
or i tn tat ion of i h r  s a t  o f  the ranik in  to  br v d f i u d  is b m q h t  to ?hr horizontal; 

i f  the R point L brinq d r t m i n r d  at a c m t n  s la t ,  the f n t  sha l l  58 phcod on8 on 
c u h  s idr  o f  th8 tunnul: 

tha t r iqnts  sha l l  be g i a c d  an thr 189,  the l r v r l  veri fying i h r  t r ~ m v t n r  orientat ion 
of  thr stat o f  thr milria shrU br  brought to the horizon7rl, tno thr thiqh uvrightr 
sha l l  br  placed on thr  corponent m r w r n t i n q  thr  scat of tha m i k i n ;  

thr m i k i n  mall be md awry fry the srat-back by leans of ?he knuu-aivot bar and 
thr back of thr m i k i n  sha l l  br pivoted fonodt. Thr r a n k i n  sha l l  br r w o s i t i o m d  
on th r  seat o f  thr  v rh i c l r  by brinq s l i d  backwards on i t s  s a l t  u n t i l  ra r ia tmcr  is 
tmorntard,  thr  back of tbr  d k i n  thrn brinq replacad aqainst the srat-irack; 

a horizontal W of 10 2 1 d d  sha l l  br a o o l f d  to thr  aanikin tuicr. Thr d i rac i ion 
and mint of l o p l i u t i o n  of  the load an ahwn by a black amw i n  Fiqun ? of the 
dw~oir;  

the s r r t  udqhts sha l l  $8 insta l lad on thr riqht and i e f t  s i d u ,  and thr t o n o  uriqnts I 
sha l l  then br placld i n  pasitian. Thr t n m v r n r  l ~ v r l  of the ranikin sna l l  br ;trot 1 
hurizontal; 

the t r a n s v n e  l r v r l  of the nmik in  brinq k s t  horizontal, the back a f  thr  ran ik in  sha l l  
br pivotud fauada u n t i l  t h r  tmo wriqins w aomr the H point, so 3r to t l i r i n a r ~  
a ~ d ~ t r t t w  uat-bick; 

thr  back of  the mnikin rhau b r  g m t l y  m d  ruwards so as ?a comlr t0  tnr  s t t t i n p d ~ o  
oguation. Thr t r m r  l w d  o f  th r  a n i M n  s h d  br  korizontal. I f  i t  is not, ihr 
p m l d P n  dacribd abavr sha l l  b r  mratud.  

REBLTS - 
h e r  thr m i k i n  hu bm sat ug a8 d r l n i b d  i n  point 4, thr H point ma !'I actual 
s t r t - b r k  tnq l r  o f  th v h i c l t  s u t  considmd a n  comt i tu t rd  by thr ii l o i n t  ana !n8 
anqlr of inc l inat ion of  :ha qanikindr. t a o  m ' m n o  i inr;  - .- 

Thr eoordinatra of  t t a  H ooinr i n  re la t ion to  t h r r r  m t u a y  ~ c r o e n d i c u i u  alanes, 
md thr  actual ru t -back anqlr, sna l l  be a u s u n d  for eomrrison v i t h  t i c  data suooiied 
oy thr  v r c i c l t  ~ a n u i x t u m .  
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r- SUMMARY OF PFItPNATlONAL VEHICLE; LECfSLATION 

MRfMfl6 fHE RELATIVE WSITTCNS OF THE il UW H POIHTS urO THE k'ELdTltWSHIP 
BmffEN THE OESIEl SWTdACX MQE A N 0  THE ACTU# SEAT4ACX ANGLE 

The r u ~ l t l  of th8 rcasurwn ts  c a r r i d  out i n  aecadmca with point 5.2. for the H 
m i n t  a d  thr a c b a l  ratdicf angit sha l l  br c o q a r d  with the c o o r d i n a t ~  of the 1 
point and the dwign srat-back anqh as given by the vd t i c l r  oanufacturr. 

tho r t l a t i v o  por i t iora of  the R point and the 4 point and thr n l a t i o m h i o  b r i v r m  
the d d q n  rut-back a q l r  and thr  actual sut&ack anqle shal l  br  comidrred to br 
s a t i r f i c t w y  fa thr  r a t i n g  posit ion i n  quu t ion  i f  thr  II point, ar drfined by i t s  
caordinatn, Urn v i t M n  a lonqi tud inr l  nc tanq l r  whorr horizontal and v w t i c a i  s i d o  
am. M and M r long m o a c t i v t l y  and v v o  d i m a h  Mmnt at thr  R point, and 
i f  thr  actual reat b x k  and8 is within I o f  thr  d u i q n  sat-back mplr. 

If t h a r  conditions am r t ,  tho R point and thr  d a i q n  rut-back anqlr shal l  
bo urd f a  thr  tut and, i f  ncmsafy,  tho s m k i n  snai l  be so adjusted that thr 
H point ca inddw with thr  2 p o i n t  and thr actual sratdack anqlr coincidts v i th  the 
d u i q n  tu t -brdc a p l c  

I f  the H point o thr  actua l  s r r t - b r k  d o r  not sat isfy tk m r u i r m n t s  of ooint 6.2., 
tho 4 poiat o the actual s r a t - h r t  an918 shal l  br dr t l r r innd b i c a  an [ t h m  t i n s  i n  
all), If the m ~ l b  of  tuo of  t h a a  thrw oeamtionr satisfy t h  r cqu i rwon t~ ,  the 
m u l t  o f  the tat sha l l  bo co la ida rd  to br  sa t i s f x to ty .  

If at Inrt tw of  th r  t h r w  t w t  m u i t s  do not sa t i t f y  thr m q h w n t s  of  point 6,2., 
tho nwlt of  t b r  shall br considmd to  br  not s r k h f a c t m .  

I f  t h r  si tuation d d b d  in ooint 6.C. a h a ,  or if verification is not ooasiblr 
b l c ru l r  the v r h u l t  u m f a c t w a  hu fai lad to  tuoply i n f o r s t i o n  nqareinq the 
pasiffon of thr  R point or n g v d i n g  the du ipn  mt -back  anplr, thr avtnqr  o i  the 
m o l t s  of thr  thm t a t s  uy be u s d  and be mqtrdrd as aoolicaolr i n  all cases vharr 
tln R p o w  or t h r  dn ign  srat-&ck anqlr ir n f M  to i n  t h k  O i r ~ t i v r .  

Fw r r i f y i n p  the n l a t i v r  paaitions of tho R point m d  tho H oalnt and the r r la t ioruhio 
b r t m c l  the dn iqn  s ra t -b rk  m q l r  and the actual srat-bxk anqle I n  a srr.rs-omQcad 
w k l a ,  tk netangle n i m  t o  in point 6.2. sha l l  br  no lac rd  by ; swan of 50 
r side and thr actual rut-back anqh shal l  nat  d i f f r  by oat than 5 fm the da iqn  
rut -back an&. 
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3UMMMY OF IMERNAnONAL VEHICLE LEGISLATION 

ANMX V - 
,m OF RASURIM PROlEGlIOllS 

1. to  detumiar the a m u d  by mMch an ita projects in n l a t i o n  to  the p a d  on which i t  
ia a r n t d ,  a l65 m sohar  sha l l  be loved a l o q  and be krpt fn contact with the 
coso#a under d d n t i o n ,  M n q  frua th  i n i t i a l  po t i t i on  of contact with the 
eooo#nt u a d u  conideration. The p r o j u U t l r  w l u e  ir the kgat of a l l  pou ib le  
vuhtiwr 'yo., th vuiat ioa rrurrd fr# the mrtn o f  the s o h  pwp-kr to 
the Pad. 

If the p d  and cwpocmtt, ttc., am c d  with u t a r f d a  so f te r  than 50 ..Shorn A 
hrdnrr, th pandurn for t h  rururinp of p r o j e c t i w  drwr ibad lbore sha l l  apoly 
only a R r  the rronl o f  rPth PfadCk. 

2. The p m j u t i o n  of witches, puU4nabr. dc., situated i n  the n f lnm art@ shal l  be 
a n a n d  by ur inq the tat agpur tor  and prwdum d a t r f b d  kbr: 

LL - k m b  

21.1, The umwinq i o p n b c  fo r  pmjectfona r h d l  c o n i s t  of r h t a i s o h n i n l  hradforr 
U5 r in  M u ,  in mMch t h u s  is  a s l id ing nr of  50 m M a .  

2l.Z R d a t i w  podt ione of  the flat end o f  the ma and the edge of  the hcrdfon sha l l  be 
shown on a grrduatd s d e ,  an wMch 8 mobile in&: sha l l  npirtw the mriaam 
w u d  &wad vimn the a m t u s  is rovrd wy f r o m  thr i t w  tasted. A a in ium 
& t a r n  of 3 r she l l  be n r u r n b l e ;  the ntrwiq scale s u  br p r tdpa td  in half- 
rillirtrn to  a k a  partible an ind icat ion 'o f  the extent of the p r o j u t f o ~  i n  auwtian. 

2.1.3- k g i n q  orocadum: 

2.L3.L The rwmtw sha l l  be placed on a flat s u r f m  so t h d  i t s  axis i s  p w r n d i a l v  to  
that  surfaca. hlwn the f l a t  tnd of  thc ran contacts the urrfacr, the seal8 shal l  or 
set a t  zrm. 

2.1.3.2* A %I% r st rut  sha l l  be i m w t a d  betwrrcl the f l a t  end of  the ran and the r t ta in inq  
&ace; a check shall be a d e  to  mum that the d i 1 8  index r ~ o r d s  this aeasumnnt. 

2.l.C. The tpovrtur f a  r u u r i n q  pmjectionr is i l l u s t n t e d  i n  flpm 1. 

2.2, Lot p r a c h d o n  

2.2.1. A cavity hfl be ford in tho h d f o n  by p l l i h q  back the rw and the d i l r  indm 
shall be p l a a d  aqaimt the m. 

2.2.2. The awan tus  s h a  be applied to the p m j c t f o n  to be n u u n d  so that the headfan 
contacts the nxiwa s u m n d i n q  surface art, with a fom nat txcadinp 2 dm. 

2.2.3. The ran s h d  be pushed fonerd ua i t m k w  contact v i th  the pmjKtion to b@ 
nuund and the uwnt of  the projection s h a  be obsmed on the rcalt. 

2.2.4. ihe herdfan shal l  be adjusted to obtain maxim8 pro jut ion.  The a u n t  of th t  
profeetlon shal l  be mwded. 

2.2.5. If two or rorc eon tmh are  situated su f f i e i tn t l y  elosa for !ha ram or the saadfarr 
to contact then s i u i t a n m s l y ,  they shaU ba trratad as follow: 

I 
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2.2.5.1, Nultipb contrek, all of vhich can be contaimd i n  the hoadfwr cavity, shall be 
mprdd aa f&q a rinqle projection. 

t 2 . 5 . Z .  If e t h r  coa tmh p m r n t  n a l  t n t i n g  by contacting the head fm,  t h q  shall  be 
moved ad the i r t  dull be condwtd vithollt t h r .  They my subrrourntly 5~ 
rrinrttlld and tatd in th* h r n  with o t h r  controk that h w r  b~ m m d  t o  
f t d l l t l t 8  thr VOCrdon. 
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SUMMAIY OP IN'!ZWATIONAL UCfSLATION 

ANNEX VI - 
UPMATUS M ROEDUAE FOIl aPeCICAllON OF REN 5.2.1, OF ANWEt I 

Thoso puts (svitchu, pllllJtnabc ate.) uhich can bo contactad by urinq tho aoomtus 
and pmdm dacrfbod b o h  s h d  br comidd  as bring lfkriy to br contaetd by 
the k n o u  of m m o o d ;  (0 

1 A o o ~  

O t p n  of amah8 

2. Pratnhn 

Thr sods my bo plrerd fn any porifion bdov tho lwri of the imtrunnta 
pun1 so that: 

- thr p h  U' nrrinr pmUd to tho rnlirn longitudiml planr of the vthic!, 

- tho arb X can bo ratatd tba and b r h  the hoiizodrl t h p h  amits up t o  
3oD 

3, In mnp oot tho rbm t u t ,  all a t w i r l r  of lm thn 50 short A htrdnru 
$Itdl be, ~ d .  
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DVIllmOllS. YRIQTIONS FOR EEC TYPE-APROVAL A N 0  SPECIFICATIONS 

lha r t f m m a  zona is o r t l i n d  without r a w  viw mirror. Thr t n ~ 4 i s i p a t i o n  i s  
r t o m l i s h d  uithaut thr mr v i r u  urn. Thr pandulua sha l l  not imoact the s i m r  munting. 

To points 2.1. a d  2.3.1: 

Thr e m o t i o n  d t f imd  by t h a a  ooiOfs behind thr stbaring mhral i s  also va l id  for thr herd 
b r t  uu of  tha fmn t  passangads). 

In tha c a r  of  adjurtablr stecring uhaeh the tono f i n a l l y  e x r a t r d  i s  rrdtlcad to the couon 
ma of thr a w t d  zona for each of thr  driving p a i t i o m  which tha s i u v i n q  vhtol ray 
UIOm. 

In tha m a  u h r c  i t  is pocaiblr to choar  baturw w i w a  r taw inq  uhrr ls thr ~ x r w t ~ d  tono 
ir datamined by the usa of tha lwt favounbir s t d n q  v h w l  havinp the m U e s t  d i a r t r ,  

To point 24: 

h lava1 of the inrtromt panel e d m &  over the din width of the p u t a q u  cowadsmt  
and 11 d a f i n d  by the rurwat points o f  contact o f  a v d i c d  l i ne  mith the surfacr o i  thr 
i n a t m a d  gar81 uhln thr  l i n a  it w e d  aaou the uidth of the vehicle. Yhwr :uo o t  sore 
point3 of contact occur s i m l t a n m s l y  thrn the louar point of contact shal: be usld to 
u t r b l i s h  tha l w e i  o f  th r  i m h n r t  pawl. In tha c u r  of comolo,  i f  i t  ir l o t  gasri;lr 
t o  da ta r ina  th r  l w r l  of thr fmtruwnt  par1 by mfmncr to  the points of :ontact of a 
v c r t i c d  Urn thrn the lava1 of tha i n s t r u a n t  paw1 shal l  br u h m  a horizontal kna 25.4 rr 
abmr tho H point of the fmnt  s u t s  i n t m n t s  tha conrolr. 

fa paint 2.5: 

k t  tha r r M c l a  s i d a  t h t  roof sha l l  c o r m 8  at tha roper d q r  of the door ao t r t rn .  I n  the 
naal cam o f  thr l a t w r l  roof h i t s  v z l l  br m p m t n t d  by the contours f w d  by the 
b o t h  a d ~  ( h t m l  v i r )  o f  tha m r i n i n q  b& rhrn tha dow has b u n  ooanad. i n  t h  car8 
of windon tha html l imi ta t ion of the m a f  w i l l  ba thr conti-. h m g a m t  l i ne  
(pwtrati~ point of the la te ra l  rindov p o w ) .  At thr p a t s  tha l r t w r l  roof Limitation 
will par t h q h  tha eomct inq  linr br tvr rn t h r  t r rmoar tnt  lines. The defini t ion af point 
2.5 is aha va l i d  f w  any o p d n g  for  tb rwf, in the clotad pwi t ion,  o i  a vmic le  u 
drfimd ia point 2.7 a t a .  
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f a r  rauu*inq g u r ~ o s o  downward facinq flanqes sha l l  b t  ignord. These u i U  be considered 
as f A q  p a d  of th8 vaniclm sibwall. 

Cam u i t h  mn-mmablr rear window of r i q i d  u t w i a l  a n  comidrrsd to ba c a n  v i fh  
aorning roofs as dafinrd u n d r  point 2.8. 

I 
To point j.l.1: 

A shak d g a  is an dgt of  a ripid u t r r i a l  having a r td ius o f  c u n a t u n  of less than 
25 n tnwt  i n  tha case of o m j e t i o n s  of lras than 3.2 m, martmd fror the pasei. 
I n  th i s  car0 tb riniar radius of curvatuo shall not aooly o m v i d d  the ntiqnt of ihc 
~mjctioa is not ion than hal f  its uidtt, and its t d p n  art blunted. 

Wb a r t . c o n r i d a r d ~  t o  e d y -  with. th*raqulationr i f  they m e t  thr r i n i r u r  rwui r rnants 
of ?ha fol lovinq tabla: 

I 

(in -1 
I I n a t  tlrmtr I r 

1 

I 
I 
I 

Gao b r t m n  t l u e n t s  I 
Rounded t i r r t n t s  

I padiur ?in. !m. padiusi 

I 
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I SUMMARY OF INIZRNATXONAL VEXICLE LEGISLATION I 

To point 5.L2: 

Gurinp tha tat it L d d m i n a d  whatha p l r h  v i t h i n  tha Wad rona usad for r t i n fo rcmnC I 
my k &o&d w protrude 10 as t o  b c r ~ t s a  tha huvds to prs tanqm w the severity 
of injurfrr. 

To point 5,L3: 

Thaa tuo coneapts ( l eve l  and l o u r  tdqr of the i m t r u n n t  pmal)  r y  ba &tinct. 
Hawwr, thb p a q c g h  ia imludad i a  point 5.1. (... abova thr level  of thr  i ns t runn t  
pwl ...) and, thamfon, k a w l l u b l a  only wham t h a a  tva conetots am cadinad. I n  
tha c a a  vhar tha tuo concet: ur not codinad, i.8. rhm the bo t tm cdqe of the 
imtnmwt paaal is l o u t a d  ba lm tha l w d  of the i n r t m w n t   and, i t  WU br considwad 
u n d r  point 5.3.2.L by n f m n c a  to  poiat 5.8. 

I f  a p u l l  h d l a  or knob ha: a vidth d immion 8qud to or am than 50 w and i s  located 
in r tom such that f f  i t  v a n  lass than 50 r i n  width thc saximr pmjaction uould be 
ddamiad uaing tk, haadfwr aauurinq ap~aralo: with point ! 9 f  Annar V, thr aaxiarr 
p m j d i o n  sha l l  ba dataninad i n  actwdacs with point 1 of Anmx V, La. by using 1 

165 r d i a n t r  soh- and datanining tha uximr variat ion i n  heiqht of the lyl  axis. 

Tha c r a u 4 r c t i o n a l  amr shal l  ba r a r u n d  i n  a p lmq  para l le l  to tha sudacs on uhiei 
tha eoaoo~n t  53 aauntad. 

Point: 5.2). and 5.1.5 corglemrt tach othu; thr f h t  sentence of point 5.1.5. ( i . 8 .  a 
forea of 9.0 drW for n t n c t i o n  or d a t a c h d )  i s  aopl i ld and then p a i d  5.1.4. i n  case 
o f  &&on uo to a p r o h i o n  betvaan 1.2 and 9.5 ma or, i n  thr ease of drtacnnnt, 
t h  tw lut santanea of  p o i n t  5.1.5, ( t h r  emst-sletion ama L r a u u n d  before the 
f a t a  k aepEd). h r ,  i f ,  u n d r  pract ical c i rn r r r tancu  point 5.1.6. usC be 
ropllrd ( n t m h  t o  u n d r  9.5 r and orrr 1 . 2 . ~ ) ~  i t could be ra, convamant, at the 
nmufrttorr's ditvrt ion., to vrrify the s p a c i f i u t i o m  of paint 5.i.C. b e f m  aoplyinq 
tha fom of  fl.0 dail soadf lad i n  point 5.1.5. 

/ 
w o n  ra under 

\ 
Duchmmr 

9-5 mm Rrmsia~nq a r a  om 

+ r 9.5 m 
C 

5.1.4 ( A r o  of ondd j.l.5 
pan 2 65 &) 
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l o  point 5.l.6: 

Since i n  the prwmo o f  sof t  mrtn ia ls ,  thr  rwu i raa r r t s  aooiy only to thr  rig10 suooort, 
the projection is u tsu red  fw t!!r r i q i d  s u w w t  snly. 

The Shorr hardnr3s w u u r w n t  i s  u d e  on s u p l r s  of thr test r u o j r t  i t s r l f .  %re, dur 
t o  the condition of the eater ia l  i t  ic bposs ib l r  to c a r r y  out r hardnras wrsurrrenc by the 
Sham I p r a c m n ,  corparabl~ ~ u u n # n t s  sha l l  be u s d f o r  rvaluation. 

Foot d a b ,  t h t i r  va and h e d i a t r  o i w t a l  wehanirrr but not the surwundinq ruoport 
w t a l  sha l l  be rxcludad fm c o n i d m t i o n .  . . 

To point 5.2.2. : 

Thm c t i t n l o n  to  dr teminr  whdhn th8 parking brrkr eontml  can be c~ntacted ic the us8 of: 

I 
the s h l a t a d  hrrd sow i f fad  in h x  II, i f  thr  control k l o u t e d  above or an the !evd 
of  tha instmad p a w l  ( t o  b r  t w t l d  in a c d a n e r  with point 5.1. and v i th in  the inoaet 
zonr ) ; i 

I 

i - t h t  knrr s g u i f i a d  i n  Annex VI if the control e l m n t  i s  located brlou ?ha Iaval of the , 
i n r t n t w n t  pan81 ( i n  th i s  case thr control L v r l  ic tasted i n  actordanca v l f h  point 5.3.2.!)/ 

To point 5.2.3: 

Thr t d n i n l  s o u i f l a t i o w  l i s tad  i n  point 5.2.1. aooly also to shtIves and thosr aarts of 
comolea k h  the l w t l  of the inst rpwnt  p a ~ l  located briveen thr h n t  s u t s ,  gmvidtd 
that i t w e  am locatad i n  front o i  the H ~ o i n t .  I f  a cavity i s  c l o s d  it will i e  treated as 
a glove c o r p v h n t  and not be subject to  th l re  sgwi f ieat iom. 

To point 5.2.3.1; I I 
fhc d h m i o m  s o c i f i e d  r,fn to the mr fac r  b r i o n  t B  ldd i t ion of a l t w i a l  of !ess than 
50 Shm A hrrdnas ( 3 8 s  point 5.2.4). inwqy-dissioatinq t u i s  snal l  be conductld i n  Lhe 
s o i r i t  of inner III. 

To point 5.2.3.2 

I f  a r i d *  b a m u d ~ ~ ~ u ~ w  dangr r ra  i r t t u r s r  m s t  m u i t ;  th is  aoo l fe  
not only to  the rir but a&o to other edpu fadnq in to  ih r  oassrngn eoroar+nent as a 
nnrlt of  th r  voUd forel. 

Thr s t r w l q a t  par& of the s h d f  sha l l  ba c o m i d m d  to b adjacrnt to a fixture, Also, 
l snbs ta t fa l l y  d f r tor t td l  sha l l  (nm that, undu the affect o f  ths spoliad fort*,  the 
d d l r c t i o n  of the shelf, l w u r e d  fm thr i n i t i a l  point of contact + i t h  the test cyl inarr,  
-st ha a fold or a d r f a r a i i o n  v i s i b l r  to thr  nakrd ,ye. Gas t i c  dr fomrt ion snal l  h 
adrirr ible. 

* 

The lenqih of the to r t  cylinder sha l l  be a t  least 50 m. 

I B t h r  parts1 sha l l  include sucn 3ar ts  as vlndovr :atcnrs, seat b r l t  uoorr anchonqn and 
9 t h ~  parts locatrd i n  the foot soace and at the Joor stde, ~ n l o s  :kesr ~ a r ? s  l ave  :am 
!r?attd orev~ously >r arr exrmtro I n  the text. 

4 
TEmNlCAL I 

PREP- BY S.M.M. & T. DEPMm j 
VOL .NO: DATL: 

7m 
PAGENO: ISSUEHO: 

5 
SECrrON 

<e r , b 



r 

SUMMARY OF WTLBNATIONAL VEHICLE LEGISLATION 

I 

To point 5.3.2: 

That s p r r  batvnn the farrrd bulkhard and thr  i n s t r u m t  p a ~ l  rMch is locatad high@? 1 
than the bottoa edqr of the i m t m w n t  pant1 i s  not s u b j d  to tha spacifications of goint 
5.3. i 
To point 5.3.2.1: 

Thr 3.2 r radius a p o l i n  to d contactahla C O W O M ~ S  eov r rd  by point 5.3. vhrn 
c o m i d m d  in a l l  p o s i f f o ~  of  usr. 

k txceptiont &a c a q a r t m t s  shal l  ba c o m i d m d  only in the closad position, srat 
b r l t s  w i l l  n o m l l y  ba cornidwad only in tha f u t m d  posit ion but any o u t  which has a 
fixed stouapr pasit ion sha l l  also corply mith thr  1.2 rr radius raquimunt  i n  that stomad 
pwit ion. 

Tha n f c n n c a  surfaer i s  found by aoolication of tna davicr dacribad i n  j o in t  ! of 
Annrx V u i th  a f o m  of 2 drl. Whm thir is nat porr ib l r  the wthad d n m b a d  in point 
1 of hm V shal l  ba usad mith a fare* of 2 drl. 

h m l v a t i o n  of danquoua prajaetiona ia subjad to thr  d b c n t i o a  of tha authority 
raroonriblr fw thr  tats. 

tho forca of 17.8 d d  L a w l i d  won if tha or ig ina l  p m j d i o n  it l u s  than 3 or 25 n, 
u ~ p g l i a b l r .  Tha p r o j e t i o n  is w u v m d  unda tha q p l i d  lord. 1 
The horizontal, lonqitudinal farcr of n.8 dal fa normally a o l i r d  hy n a m  of  a flat-sndcd 
ma of  not ra, than 50 r d i a n t u ,  but whom th is  it not porsiblr an wuivalont urhod 
my be used; for inttanc8, by rnov inq  & t a c h .  

I To point 5.3.2.3: ! 
Tha f u r t h a t  p m j a d i n q  part in the case of a q a u  lnr is that p a r t  of i h r  gr.0 or inoo 
fint c o d a c t d  by a vertical t n n s v m r  plan* m a d  in a lonqitudinal, horizontal d inet ian.  
If any part of a jaar lnr or hmdbnka lia above tha H point l r v a l  that l e v a  v i l l  hava 
to ba c o m i d m d  a8 i f  tha uhola of i t  warn abma the il point larel. 

To wint 5.3.4: 

Micn tha h ~ o d a l  p lam(r)  pus inq  throuqh the H ooint of tha !ovast ftant and mar  
r a t s  do not coincida, than a v d c . d  plan* prpandicular to ?ha vahiclals ionqitudinal 
a& s k t l l  b r  datemind; pas inq  through tha front s r r t  H point. Thr txrclptd zone will 
t h ~  br canridand sqara t r l y  fo r  both :ha front and r a w  passangar c o m d u n t s ,  m la t i va  
to  tha i r  n m e t i v a  H point and up to  thr  ve r t i ca l  ohm defined above. 

To point 5.3.4.1: 

k a b l a  sun vism shal l  ba c o m i d m d  in a11 vosi t iom of usr. r)lr !raws of sun v i s o n  
ahal l  not ba rcqardad as r i g i d  su~oor ts  ( s n  point 5.3.5..). , 

'To point 5.4: i 
h e n  the n o f  it t n s t d  to wasum those p m t m i o m  and par($ rhicn can 38 contacted by a 
b a l l  having a d i a w t a  of 165 n, iha roof l i n ing  mat  br rrnavad. h e n  evaluatinp the 
soaeifird r a d i i  the srwort ions and ~ r o o a r t i a  attr ihutablr :a :he ntct:ak ~f :he rgo i  1 
l i n inq  shal l  ?a !akm into cornidantion. The roof t n t i n a  m a  shai l  q r ~ e n d  in 'rsn? g i  

and :bova tha t ransvma olanr i i a i t d  by the tono  n i t r e m a  linr a f  !?e ranlkln 2lac1d on 
r?a-saat. 
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- 
To ooint 5.b.Z.1 (roe point 5.1.1 for d r f i n i t i on  of 'shup edqal ] : 

The dounuard project ion sha l l  be w a u m d  nomal i o  the roof i n  actordancr with point 1 of  
Anmx V. I 

I 
The vidth o f  the p m j ~ t i n q  p a d  sha l l  be r a s u r d  at right angles to the l i n e  of !he 
pmjc t ion .  I n  p v t i c u l w  the r i g i d  roof st icks or r i bs  sha l l  not o r o l u t  u a y  from the 
i n n u  sur f tcr  of the roof ron than 19 n. 

To point 5.5: 

Any roof r i bs  on aprninp m f s  nut art poin i  5.b i f  thy ur eontactable by a 165 au 
dater s o h a ;  

i To points S.S. l . t ,  5.5.1.2.1. and 5.5.1.2.2.: 1 
The wrn inq and ooar t i nq  d w i c m  vhm i n  a posit ion o i  rest and with tnr roof clostd s s t  
mt d. o f  the s g ~ i f i e d  conditiom. 

I To point 5.5.1.2.3: 1 
-, k f o r o  o f  17.8 dad i s  aoolied crm i f  tha or iq ina l  ~ m q u t i o n  ii 25 n or !rss. !ne 

p m j e t i ~ n  i s  a r a s u d  undw th r  aoplied Lad. 

The f m s  a f  17.d dam appUed i n  thr d i m t i o n  of  i m a c t  d r f i n d  i n  Annrx III as the tanqrnt 
t o  the trajectory of the h r r d f a n  is n m U y  applied by a r a n  of  a f ia t -endd r a m  tr l o t  
ron than 50 r d i a n t n ,  hut v h m  t h i s  is not aou ib ie  an q u i v a l t d  arthod nay 38 used; 
for  imtancr ,  by nrov ing  obataclr.  

Thr ' p a i t i o n  of r,stt mn thr oosit ion of thr oprr?tinp o r r i c r  vhrn i t  is i n  ;hr loexnd 
I 

position. 
I 

1 To point 5.6: I 
The m d  s y s t n  of m m r r t i b l r  t o m  d o a  not m o m a n t  a r o l l 4 r r r  bar. 

To point 5.6.1: I 
The tog p*of thm r v  . f r m s t w t s  doare t h r  t n m o u e n t  contour of the uindscrrrn. 

I 
To point 5.7.11: 

Sw point 5.3.1.1: 

I See goint 5.1.1. for d t f i n i t i o n  of ' sham cdqrJ. 1 
I 

To point 5.5.l.2: 

I n  dr f in inq the head imoaet tone o f  the back ~f the Front seats any s t rue tun  neeassaw to 
suoport the seat ~ a c k  shal l  be comidemd as a camonrnt of this seat back. 

To point 5.9.1.2.3: 

'$8 padding of tk r  stat fr;n strncturr snal! ~ i s o  avold danqwaua muqnn,ss and snan  ecaes 
1 

X k r l y  t 3  incnasr  the r i sk  3 f  serious in jur ios to :no 8ccvoants. 
I 

I 

1 
PAGB W RCRON 

;4(0: y .!.e 
VOL NO: 

5, 
TEG-mlW I DATP: 

3 

ISSU2;W: 1 
PREPARED BY S..W.M. & T. 3EPMmM , 
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TO ANNEX LI 

I OETE?HI8ATIG~ rF THE HEMI-IHPM !ONE 

To po in t  2.l.l.Z: 

The choice beheen the tuo pmcedurua fo r  d e t m i n i n q  height u to be !eft to the snu fac tu r t r .  

To po in t  2.2: 

L e n  d e t m i n i n q  points o f  contact, the length o f  the am of the masurinq aopantur i s  not 
changed durinq a pa r t i cu l a r  operation. Each o o e n i i o n  s ta r t s  frur the vert ica l  position, 

To po in t  3: 

The 25.4 n diaenrian Mans the g e r t u m n t  :ma 3 h a r i o n t a l   lane aassinq thnuqn :he d 
po in t  t o  the ho r i r on ta l  tanqwnt !o the l o u r  ,raii!# of !he haadfon. 

PROQOURE FOR E3'LHG E 9 L ? G Y J I S S P i T M  * L T 3 I d l S  

To po in t  1.4: 

For bmataqa o i  any comonent during th e n e q y - d i s s i ~ a t i o n  b a t ,  s o  t f e  noiw on aoint 
5.1.2. i n  Annex I. 

P9005URE FOR 9fTWNIXIRG THE 3 POINT L!O T:iE SEjT4S !!.YGLE :5il E3Ii":IIG ?E 
~ELITX PSJTCHS 3 :#E 4 IIIO r ?oIaTs !NO VE ;~ELAIICNS;~TP 3rd~~~ t ' i~  ;ESICB s ; A ~ - ~ c : (  
ANRE 1\10 T I E  :QUJC SEATdACX 

To po in t  4: 

For d e t h i n q  the if po in t  of c q  seat, $the? stat, a v  ba removed if necessaw. 

TO ANNEX vl 

APPARATUS A M 3  PqOGDURE F(IR APPCICATIO CF S O I N  5.2.1. 3F A'IEX I 

i o o t . o ~ e n t ~ a  e ~ n t m l s  ar* ?naiad 3s foot ,dais. 

I 
U..~RED aY S.M..U A T ?-CWMC.U 1 Y O :  DAiZ I VDL 'Y) 1 SELTOY ?4GL YO 

I 2 E P U N M  1 "" ' W J :  * I - -  
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except as such standard or amend- 
ment may otherwise specifically pro- 
vide with respect to firefighting vehi- 
cles. 
136 FR 13927. July 28,19711 

8 571.9 Separability. 
If any standard established in this 

part or its application to any Ferson or 
circ-ce is held invalid, the re- 
mainder of the part and the  applica- 
tion of that standsrd to other persons 
or circumstances is not affected there- 
by* 
133 FR 19705. Dec. 25,1968. Redesignated at 
35 FR 5118. Mar. 26,19701 

Subpart B-federal Motor Vehick 
Safety Standards 

Soma 36 FR 22902, Dec. 2, 1971, unless 
otherwise n o w  

9 5il.101 Standard No. 101; Controls and 
displays. 

S1. Scope. This standard specifies re- 
quirements for the location, Identifica- 
tion, and illumination of motor vehicle 
controls and displays. 

52. Puspose. The purpose of this 
standard is to ensure the accessibility 
and visibility of motor vehicle controls 
and dis~lass and to facilitate their se- 
lection -under daylight and nighttime 
conditions, in order to reduce the 
saiety hazards caused by the diversion 
of the driver's attention from the driv- 
ing task, and by mistakes in selecting 
controls. 

53. Application This standard ap- 
plies to passenger cars, multipurpose 
passenger vehicles, trucks, and buses. 

54. Definitions. 
"Telltale" means a display that hdi- 

cates, by means of a lightemitting 
signal, the actuation of a device, a cor- 
rect or defective functioning or coodi- 
tion, or a failure to functio~~. 

"Gauge" means a display that Is 
listed in S5.1 or in Table 2 and is not a 
telltale. 

"Informational readout display" 
means a display using light-emitting 
diodes, liquid crystals, or other electro 
illuminating devices where one or 
more than one type of information or 
message may be displayed. 

S5. Requirements. (a) Except as pro- 
vided in paragraph (b) of this section, 
each passenger a, multipurpose pas- 
senger vehicle, truck and bus manufac- 
tured with any control listed in 55.1 or 
in column I of Table 1, and each pas- 
senger car, multipurpose passenger ve- 
hicle and truck or bus less than 10,000 
pounds GVWR with any display listed 
in 55.1 or in column 1 of Table 2, shall 
meet the requirements of this stand- 
ard for the location, identification, 
and illumination of such control or 
display. 
(b) For vehicles manufactured 

before September 1, 1987, a manuac- 
turer may, a t  its option- 

(1) Meet the requirements in this 
standard to use identifying words or 
abbreviation or identifying symbol for 
a control by using those specified in 
Table l ta)  instead of Table 1. If none 
are specified in Table lta), none need 
be used for the controL 

(2) M e ~ t  the requirements in this 
standard to use identifying words or 
abbreviation or identifying symbol for 
a display by using those specified in 
Table 2ta) instead of Table 2. If cone 
are specified in Table 2(a), none need 
be used for the display. 

S5.1 Location Under the conditions 
of S6, each of the following controls 
that 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 conditions of 
S6, telltales and fnfonnational readout 
displays are considered visible when 
activated. 

HAND.opmm CONTROLS 
(a) Steering wheel. 
(b) Horn. 
tc) Ignition. 
(dl Headlamp. 
(el Taillamp. 
(i) Turn signal. 
(g) Illumination intensity. 
(h) Windshield wiper. 
(i) Windshield washer. 
(1) Manual transmission shift lever, except 

transfer case. 
(k) Windshield defrosting and defogping 

system. 
(1) Rear window defrosting and defoggfag 

system. 
(m) Manual choke. 
tn) Driver's sun visor. 
to) Automatic vehicle speed system. 
(p) Highbeam. 
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except as such standard or amend- 
ment may otherwise specifically pro- 
vide with respect to firefighting vehi- 
cles. 
[36 FR 13927, July 28, 19711 

8 571.9 Separability. 
If any standard established in this 

part or its application to any person or 
circumstance is held invalid, the re- 
mainder of the part and the applica- 
tion of that standard to other persons 
or circumstances is not affected there- 
by. 
133 FR 19705, Dec. 25, 1968. Redesignated at 
35 Fa 5118, Mar. 26,19701 

Subpart B-Federal Motor Vehicle 
Safety Standards 

Soma: 36 FR 22902, Dec. 2. 1971, unless 
otherwise noted. 

1571.101 Standard No. 101; Controls and 
displays. 

S1. Scope. This standard specifies re- 
quirements for the location, identifica- 
tion, and illumination of motor vehicle 
controls and displays. 

S2. Purpose. The purpose of this 
standard is to ensure the accessibility 
and visibility of motor vehicle controls 
and displays and to facilitate their se- 
lection under daylight and nighttime 
conditions, in order to reduce the 
safety hazards caused by the diversion 
of the driver's attention from the driv- 
ing task, and by mistakes in selecting 
controls. 

53. Application. This standard ap- 
plies to passenger cars, multipurpose 
passenger vehicles, trucks, and buses. 

S4. Definitions. 
"Telltale" means a display that indi- 

cates, by means of a light-emitting 
signal, the actuation of a device, a cor- 
rect or defective functioning or condi- 
tion, or a failure to function. 

"Gauge" means a display that is 
listed in S5.l or in Table 2 and is not a 
telltale. 

"Mormational readout display" 
means a display using light-emitting 
diodes, liquid crystals, or other electro 
illuminating devices where one or 
more than one type of information or 
message may be displayed. 

S5. Requirements. (a) Except as pro- 
vided in paragraph (b) of this section, 
each passenger car, multipurpose pas- 
senger vehicle, truck and bus manufac- 
tured with any control listed in S5.1 or 
in column 1 of Table 1, and each pas- 
senger car, multipurpose passenger ve- 
hicle and truck or bus less than 10,000 
pounds GVWR with any display listed 
in 55.1 or in column 1 of Table 2, shall 
meet the requirements of this stand- 
ard for the location, identification, 
ar,d illumination of such control or 
display. 

(b) For vehicles manufactured 
before September 1, 1987, a manufac- 
turer may, at its option- 

(1) Meet the requirements in this 
standard to use identifying words or 
abbreviation or identifying symbol for 
a control by using those specified in 
Table l(a)  instead of Table 1. If none 
are specified in Table l(a), none need 
be used for the control. 

(2) Megt the requirements in this 
standard to use identifying words or 
abbreviation or identifying symbol for 
a display by using those specified in 
Table 2(a) instead of Table 2. If cone 
are specified in Table 2ta). none need 
be used for the display. 

S5.1 Location. Under the conditions 
of S6, each of the following controls 
that 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 conditions of 
S6, telltales and informational readout 
displays are considered visible when 
activated. 

(a) Steering wheel. 
(b) Horn. 
(c) Ignition. 
(dl Headlamp. 
te) Taillamp. 
( f Turn signal. 
(g) Illumination intensity. 
(h) Windshield wiper. 
(i) Windshield washer. 
(j) Manual transmission shift lever, except 

transfer case. 
(k) Windshield defrosting and defogging 

system. 
(1) Rear window defrosting and defogging 

system, 
(m) Manual choke. 
(n) Driver's sun visor. 
to) Automatic vehicle speed system. 
(p) Highbeam. 
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(q) Hazard warning signal. 
(r) Clearance lamps. 
ts) Hand throttle. 
(t)  Identification lamps. 

(a) Service brake. 
(b) Accelerator. 
tc) Clutch. 
(d) Highbeam. 
te) Windshield washer. 
(f Windshield wiper. 

DISPLAYS 
(a) Speedometer. 
(b) Turn signal. 
tc) Qear position. 
(dl Brake failure warning. 
t e ) Fuel. 
(f EUhe coolant temperature. 
(g) on. 
(h) Highbeam. 
(i) Electrical charge. 

S5.2 Identificatioh 
S5.2.1 Vehicle controls shall be 

identified as follows: 
(a) Except as specified in S5.2.l(b), 

any hand-operated control listed in 
column 1 of Table 1 that hss a symbol 
designated in column 3 shall be identi- 
fied by that symbol. Any such control 
for which no symbol is shoun in Table 
1 shall be identified by the word or ab- 
breviation shown in column 2, if such 
word or abbreviation is shown. Words 
or symbols in addition to the required 
symbol, word or abbreviation may be 
used at the manufacturer's discretion 
for the purpose of clarity. Any such 
control for which column 2 of Table 1 
and/or column 3 of Table 1 specifies 
"Mfr. Option" shall be identified by 
the manufacturer's choice of a symbol, 
word or abbreviation, as indicated by 
that specification in column 2 and/or 
column 3. The identification shall be 
placed on or adjacent to the control. 
The identification shall, under the 
conditions of S6, be visible to the 
driver and, except a s  provided in 
55.2.1.1 and 55.2.1.2, appear to the 
driver perceptually upright. 

(b) S5.2.l(a) does not apply to a turn 
signal control which is operated in a 
plane essentially parallel to the face 
plane of the steering wheel in its 
normal driving position and ~ h i c h  is 
located on the left side of the steering 
column so that it is the control on 
that side of the column nearest to the 
steering wheel face plane. 

55.2.1.1 The identification of the 
following need not appear to the 
driver perceptually upright: 

(a) A master lighting switch or head- 
lamp and tail lamp control that ad- 
justs control and di~play illumination 
by means of rotation, or any other ro- 
tating control that does not have an 
off position. 

(b) A horn control. 
55.2.1.2 The identification of a ro- 

tating control other than one de- 
scribed by 55.2.1.1 shall appear to the 
driver perceptually upright when the 
control is in the off position. 

55.2.2 Identification shall be pro- 
vided for each function of m y  auto- 
matic vehicle speed system control and 
any heating and air conditioning 
system control, and for the extreme 
positions of any such control that reg- 
ulates a function over a quantitative 
range. If this identification is not spec- 
ified in Table 1 or 2, it shall be in word 
or symbol form unless color coding is 
used. If color coding is used to identify 
the extreme positions of a tempera- 
ture control, the hot extreme shall be 
identified by the color red and the 
cold extreme by the color blue. 

Ezampk  1. A slide lever controls the tem- 
perature of the air in the vehicle heating 
system over a continuous range, from no 
heat to maximum heat. Since the control 
regulates a single function over a quantita- 
tive range, only the extreme positions re- 
quire identification. 

Erample 2. A switch has three positions, 
for heat, defrost, and air conditioning. Since 
each position regulates a different function, 
each position must be identified. 

55.2.3 Except for informational 
readout displays, any display located 
within the passenger compartment 
and listed in column 1 of Table 2 that 
has a symbol designated in column 4, 
shall be identified by that symbol. 
Such display may, in addition be iden- 
tified by the word or abbreviation 
shown in column 3. Any such display 
for which no symbol is provided in 
Table 2 shall be identified by the word 
or abbreviation shown in column 3. In- 
formational readout displays may be 
identified by the symbol designated in 
column 4 of Table 2 or by the word or 
abbreviation shown in column 3. Addi- 
tional words or symbols may be used 
at the manufacturer's discretion for 
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the purpose of clarity. The identifica- 
tion required or permitted by.this sec- 
tion shall be placed on or adjacent to 
the display that it identifies. The iden- 
tification of any display shall, under 
the conditions of 56, be visible to the 
driver and appear to the driver percep 
tually upright. 
55.3 lZlumination. 
55.3.1 Except for foot-operated 

controls or hand-operated controls 
mounted upon the floor, floor console, 
or steering column, or in the wind- 
shield header area, the identification 
required by 55.2.1 or 55.2.2 of any con- 
trol listed in column 1 of Table 1 and 
accompanied by the word "yes" in the 
corresponding space in column 4 shall 
be capable of being illuminated when- 
ever the headlights are activated. 
However, control identification for a 
heating and air-conditioning system 
need not be illuminated if the system 
does not direct air directly upon wind- 
shield. If a gauge is listed in column 1 
of Table 2 and accompanied by the 
word "yes" in column 5, then the 
gauge ,md i t s  identification required 
by 55.2.3 shall be illuminated when- 
ever the ignition switch and/or the 
headlamps are activated. Controls, 
gauges, and their identifications need 
not be illuminated when the head- 
lamps are being flashed. A telltale 
shall not emit light except when iden- 
tifying the malfunction or vehicle con- 
dition for whose indication it is de- 
signed or during a bulb check upon ve- 
hicle starting. 
55.3.2 Except for informational 

readout displays, each discrete'and dis- 
tinct telltale shall be of the color 

shown in column 2 of Table 2. The 
identification of each telltale shall be 
in a color that contrasts with the lens, 
if a telltale with a lens is used. Any 
telltale used in conjunction with a 
gauge need not be identified. The 
color of informational readout dis- 
plays will be at the option of the man- 
ufacturer. 
S5.3.3 Light intensities for controls, 

gauges, and their identification shall 
be continuously variable from: (a) A 
position at which either there is no 
light emitted or the light is barely dis- 
cernible to a driver who has adapted 
to dark ambient roadway conditions to 
(b) a position providing illumination 
sufficient for the driver to identify the 
control or display readily under condi- 
tiom of reduced visibility. Light inten- 
sities for informational readout sys- 
tems shall have at least two values, a 
higher one for day, and a lower one 
for nighttime conditions. The intensi- 
ty of any illumination that is provided 
in the passenger compartment when 
and o@y when the headlights are acti- 
vated shall also be variable in a 
manner that complies with this para- 
graph. The light intensity of each tell- 
tale shall not be variable and shall be 
such that, when activated, that tell- 
tale its identification are visible to 
the driver under all daytime and 
nighttime co~ditions. 

S6. Conditions. The driver is re- 
strained by the crash protection equip- 
ment installed in accordance with the 
requirements of 9 571.208 of this part 
(Standard No. 2081, adjusted in accord- 
ance r i th  the manufacturer's instruc- 
tions. 
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Table 1 

Identification and Illumination of Controls 

I column 1 Column 2 

Hand Operated Contro!s 

Column 3 Column 4 

L 

Master Lighting 
Sw~tch 

Headlamps and 
Tail lamps 

Horn 

Turn Signal 

I Windshield Wash~ng 
System I - 

Iden! f y t ~ g  Words 
Or Abb,evlallon 

Hazard Warning 
Signal 

Windsh~eld Wiping 
System 

and Wiptng Combtned Yes 

- 
(Mfr. OptionlJ 

- 
- 

Heating end or Air 
Cond~t~onlng Fan - 

2 

Identifying 
Symbol 

- 
- 

Windshield Defrosting 
and Defogging System I - I w I yes I 

l~ lum~nat~on 

-'a- 
' 1  

IMfr. OptionlJ 

b 4  

5 

Rear Window Defrost~ng 
and Defogging System I - I m I yes I 

i 

- 
- 
- 
- 

a;l 

Yes 

Yes 

I Manual Choke I 

Marker and or Clearance - 
Choke I - I - /  

Yes 

Engine Start 

Engine Stop 

~ a A d  Throttle 

~utomat lc  Vehicle Speed 

Heating and Atr 
Condttioning 

System 

Engine start1 

Engine S!opl 

Throttle 

Use when engine control is separate from the key locking system. 
a Separate identification not required if controlled by master lighting switch. 
' The pair of avows is a single symboi. When the controls for left and right turn operate independently, 

however, the two arrows may be considered separate symbols and be spaced accordingly. 
' Identification not rcgu~rcd for vehicles with a GVWR greater than 10.000 Ibs., or for narrow ring.tvpe controls. 
' Framed areas may be filled. 

-- 

IMfr. Option) 

(Mfr. Option) 

- - -  - 
- - 

- 
Yes - - 

IMfr. Option) 

Yes 

Yes 
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TABLE 1 (a) 
Identification and lllumination of Controls 

Col. 4 

Illumination 

- 
- 
ya 

Y a  

C ~ ~ l u m n  t 1 + Column 2 

Svrrm Q Yes 

.. .. 
Washer or Wash 

Col. 3 
Hand Operated Controls: 'dmt~fying Words or Abbrrvaation I ldrnt~fying Symbol 

-.- ' 

'0" - - 
<=1+ 
A 6  

24~:' 0 

Headlamor and 
Tall Lamps 

Turn Signal 

Hazard Warmng 
S~gnal 

Ckarancc Lamps 
Svrtwn 

Lqhu 

- 
Hazard 

Clearancn bmps or CI Lgr 

WMth*ldWIvng j 
*MIwww 
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Table 2 

Identification and Illumination of Displays 

' ~heprirofarrowsis Jringlcsvmbol. When the tndicatorfor Iehamrightlumoparate ~ndepandcntly, hower,the tworrrowS 
will be cons~dered wparate symbols and may be svacrd aaordmgly. 

Brake Air Pressure 
Position Telltab 

Speedometer 

Odometer 

Aulomat~c Gear 
Pout~on 

Not rqdirad when r r rom of tumrignal te l l~ta lesthrtot~miwo~atr  inQIpendentlyflarh simultaneourly as hrzard wrrnfng 
1eIl.t~k. ' If the odometer indfcatn k~lometns. then "KILOMETERS" or "bn" shall cpparr, ornetwise, no identification is requfred. 

'Red u n  k red-orag.. Blur can k blue.grwn. ' W the rp.tdOmMU is graduated In miles par hour and in tilometan p.r hour. the ~dentifying words or rbbreviat~ons shall be 
"MPH and km.h" in any combinatton of u p m  or l o w  urr I-. 

'Framed areas mrv be filled. 

"' 
- - 
- 

Bake AN Also 
rea FMVSS 12 1 

MPH' 

J 

Also KI 

FMVSS lm 

- 
- 
- 

- 
Yr - 
Yes 
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TABLE 2 (a) 
Identification and Illumination of Internal Displays . . 

Column 1 1 Col. 2 1 Column3 ( Column 4 I Column 5 

Dl(p1.v I lomtoivm~ Svmbol I Illum,ruta 

Turn S~gnal 

TelLTafe 

Hazard Warnlng 

Tell.Taie 

Faaim &its a 
Seat Belt 
Tell.Tale 

FMVS 208. 

E M ~ Y . s L  Y~IIOW FUCI 

--,IeLTple,,----.------ 

Gaugc - 
Fuel 

Gauge 

Tern2 Gauw 

E l e c ~ g a l  Char* 
, , , IcLTnle, , - 

Gauge 

Odometer 

Automatic Gear 
Posltlon 

Brake Air Pressure Brake Air 
Positton I Red4 I Also See 1 - I - I Tell-Tale FMVSS 121 

f , 

Re$ 
, , ,. - 

High Beam 
Tell Tale 

- 
- 

1 The palr of arrows 1s a slngle symbol :Jhen lhc ndlcator for let1 and rlght turn 
operare lndependelitly, however, the :wo arroris wtll be considered separate 
svmbols and may be spaced accordln!: i 

2 Nor required she11 arrows of turn SIS-:~ re!~.ta t i  that olherwlse OPmaIe indr 
vendmlly flash s~mullaneourly as hal i rd u.arn -; te" talc 

3 11 lhc odomeler lndtcates k~lolneters ther "K.LOL:ETERS" of "km" shall 
appear orherwtse no ~dentlf~carion , i  ?au ,eo 

4 Red can be red orange Blue can be r -e.q'?eF 
5 Framed artows may be filled 
6 If the speedometer IS graduated tn n- ?s pe l  ho. and in kilometers per hour, the 

ldenltfylng words or abbrev~al~ons $7; I be " h : i i  and kmih" In any comb~nalion 
of upper or lower case letters 

[43 FR 27542, June 26, 1978, as amended at 44 FR 55383, Sept. 27, 1979; 45 FR 71804, Oct. 
30, 1980; 47 FR 2998. Jan. 21, 1982; 49 FR 30196. JCy 27. 1984: 50 FR 23431. June 4. 19851 

Volts. C~arge - o r  &-A,, 
Volrs. C~arge 

or A-D 

I 

Or 

Green 

Malfunct~on ~n 

, - ,Am Lock o i  , , 
Brake System 

- 
Also we 

FMVSS 102 

I+i 

Also see 
FMVSS 108 

, , , 
Red' 

- --;;-- 
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DESIGN CRITERIA-DRIVER HAND CONTROLS 
LOCATION FOR PASSENGER CARS, MULTI- 
PURPOSE PASSENGER VEHICLES, AND TRUCKS 
( 1  0 000 GVW AND UNDER]-SAE J 1 138 SAE Recommended Pracfice 

I. Smp-The purpose of this SAE Recommended Practice u to d d b e  
duign criteria pmaining to the loution and labeling of hand convola neces- 
sary to or frequently used during the operation of passenger un, MPV, and 
trudu 10 000 GVW and under. The results of SAE human facton rrrurch 
have strongly influenced thae  recommendations, specifically in the mu of 
driver reach, contml.laating performance, and control loution expectancia. 
Deviations from this recommended practice should be made only after careful 
study of the various SAE public~tions on thee  subjects, u referenced hen  
and in SAE 51139 (September, 1977), Supplemend Information-Driver 
Hand Controh h a t i o n  for Pawenger C m ,  MPVs and Tmckr ( I0  000 GVW 
and Under). 

2. I--The location of mcnt id  mntmlr should be bawd, insofiu 
as possible, on performance rather than design considerations and must be 
governed by h u m  engineering practice M it pertains to hand reach, visibil- 
ity, identification, and operating mode. These considerations may be mutually 
exclusive, in certain vehicles, because of conflicting design requirements, In 
t hae  ma, the recommended practice should be followed starting w i ~ h  the 
highest priority considerations until all available control location space hpt 
been w d .  

Any restriction in the location of controlr and displays must respect the 
need to accommodate not only safety rquirements and serviceability, but also 
the spatial requirements necessary to package the components behind the 



EXTREME LIMIT OC CONTROL 
OPERATIONAL AREA OC CONTROL 

FIG. 1--0PEIUTIONAL AREA OF CONTROL 

control and diaplay nufa&. T h e e  muinion, in control location8 uc not 
intended to p d u d e  the rdoption of new control inwvuionr w inventions 
that m y  be supaior to known tabnology and which d d  fault  in &, 
more e W n t  operation ofthe vehicle It should be r a o p h d  that di8au1t 
elrva of vehiila such u uu& m y  r q u k  ditTemt control locuiom 
because of their diiinct envimnmenr 

3. Tam D q k i t h  
1 1  hiva Hand C o n d  Rdamce Plum-A venwl longitudinal 

plane through the steering wheel center Y coadirutc  
3.2 Driver Hand Connd Opurtiolul L T h e  area or fegioa wept  

by those paru of a control which are activated or contacted by the hand while 
the control ia in d l  the parible moda or positions, (Sec Fig, 1.) 

3.3 Driver Hand Contrd Dtplay h a - T h e  arm which include the 
identification of the control and thac  poniom required to determine i u  
position at m y  point within iu  ~ g r  It need not include, for example, k l s  
or manufacturen' type numben. (See Fig. 2 and SAE JlOXh (January, 
1977).) 

3.4 Primary h i v a  Hand C o n p d c T h a e  controls acentirl to the 
operation of a vehicle 

3.5 Secondary Wa Hand C o n u o b T h a c  hand opaated controb 
other than primary controls, intended for ure by the driver when the vehicle ir 
in motion for comfort and conveniena, and t h a c  o t h a  control not required 
for the principal operation of the d i e .  

r . w c - m C k d n g P m  
4.1 The operational am of the following primuy hand toavoL should 

be within the reach of a drim wuring a lap and shoulder r a tn in t  and the 
following secondary hand controls should be within IC& d a driver m u i n g  
r lap belt only. (Reference SAE 5287 (July, 1976). Driver Hand Control 
Ruch . )  SAE J287 (July, 1916) &m nmh capabdily dn r p ~ ~  radiriau o/ 
fiyn p p  mnhol oprmtion /or ND rufrah caditionr; a d u p d  I I O I ) . U ~ ~ ~  

rhouldn strap wid lop belt ad lop bell ah. F+ip opnolrl coclbdc may pmnd 
pt&r nach, whihfll h a d p p  opcmtd conbdc mq n d  k lurn reuA In 
addit iq  a dialand r r h d q  rhmldn rbDp pmnil pa&? w a d  fhm a m- 
rrttnding rAovldn r t r q  

- 

DISPLAY AREA OC A CONTROL 

h i m u y b r h ~ n d w s  

S f m y  6nnd 
hashift 6nhd 
Turn Siid bnhd 
Ignition bnnd 
~ ~ 6 n k d  
W p  Dimmu Conhd 
worh.rMw bWsI 
nmdbmp bnhd 
R h l n  6nifd 
Hazard r b k  6nhd 
Hald B n l u  

FIG. 2-DISPLAY AREA OF A CONTROL 

k u n k l ~ i m ~ d ~ . n k . l s  

lhdbmp O W  Worming 6nhd 
aim. ~onhd 
bdb6rhd( 
Vmt I*mo* 6nhd 
0oOr.m Liphm 
Wmq 
burl- 

4.4 The rollawing driver hand c o n d  should be labeled with wordr or 
wa6 and lymbolr 

- - 

4.5 The following driw hand controls should k located to the left of the 
Rferrna plnnc A differentiation between the opaating mod= of the head- 
lamp control and the wuher/wiper control(s) should exist. 

4.6 The following d i v a  hand controls should be louted to the right of 
the derrna p l m  

4.7 Convalr not s p d f i d y  mentioned in thia recommended practice 
should be louted k f a r  u possible in rccordrafc with SAE publications 
concerning driver I&, control-louting pafonnurce, and expectancies. 

5. Ref- 
5.1 SAE J287 (July, 1976), Driver Control RudL 
5.2 SAE JIM8 (Septunba, 1974), Symbols for Motor Vehicle Controls, 

Indieaton, and Tell-Tala 
5.3 SAE JlOUk Uanuuy, 1977), D d b i n g  and hieaauring Driver's 

Field of View. 
5.4 J. J. McGrath, "Driver Expectancy and Performance in. Locating 

Automotive Controw SAE SP 407, presented at SAE Automotive Engineer. 
4.2 The audible horn control should be louted on the steering conPoL ing Con- and Exposition, February 23-27, 1976. 
4.3 The diuplay area of the following d r i w  hand controh should k 55 SAE 51139 (September, IP77), Supplemental Information Driver 

within vim of the ratrained driver with head movement so u to pamit Hand Controla Location for Passenger Cam, Multi-Purpose Ppuengri Vehi- 
identification Arru obscured by the steering control are duined in SAE cle, and Trudu (10000 CVW and Under). 
J1050a (January, 1977), Describing and Measuring the Driver's Field of Vim. 5.6 SAE J 1100. (September, 1975), Motor Vehicle Dimenaionr 





APPENDIX G - SAE INFORMATION REPORT 51 139 





SUPPLEMENTAL INFORMATION-DRIVER HAND 
CONTROLS LOCATION FOR PASSENGER CARS, MULTI- 
PURPOSE PASSENGER VEHICLES, AND TRUCKS 
(10 000 GVW AND UNDER)-SAE J1139 SAE Information Report 

This information report should be used a supplement to SAE J1138 
(September, 1977), Design Criteria-Driver Hand Controls Loution for 
Passenger Cur, Multi-Purpae P m g e r  Vehicla, m d T r u c b  (I0 000 GVW 
and Under). It is intended to provide additional information which is impor- 
tant to the automotive da igna  and engineer in the praerr of daigning, 
developing, and engineering the instrument panel 

I. C m d - T h e  quation of driver hand controls location is a complex one 
While there is a p c r d  feeling that decrrnvnu in performance in louting 
and operating controls may fleet the d e t y  with which a vehicle is operated, 
there is no solid evidence linking accidenu with the inadvertent operation of 
automotive controls or to the inabiiity to locate y~ a r c n k l  control in a timely 
manner. 

The Anaupa studia and find SAE reporr SPQOi indicate that amn and 
raporue timer inacow when hand controls uc not locrted in their expected 
location and that this ofTen the p o t e n d  for a d e u m w t  in opentor per- 
formance. The measure or c o r w q u e ~ c  of the decrement has not yet been 
determined and may neva be determined in a totally objective manna. 

H w c v a ,  if there is a potential improvement in opentor  perform^^^, 
which could be achieved by the location of catah hand con&, then that is 
the god. 

Numerw studia, including ANapa.' indicate tbu driven quickly A p t  
to a new control within a new e n v h e n t  after the fim trial, with both 
raponre time and mor n t a  ruching wn, em levels. 0th- studia, lgrin 
including Anacapa, show a number of driven repo* wn, CQ control loca- 
tion difficulties 

The A m p a  "Analpb of Expectancia of European Driven and the 
Commonality of Automotive Controls Loution on Europan Can" study 
(Ref. 6), has demonstrated that d r i w  populations have distinct control 
loution expectancia and that thae expectanas by county and by ar 
type. Although the A m p .  studia s h w  that there arc decrcmenu in re- 
sponse time and error performance when a control is located in an w a  other 
than the expected one, the European driver study (247.1) shws that the 
drivm make an attempt to adapt to the unfamiliar vehicle environment. 

The Anacapa study (Ref. 4), demonstrata that expectancy t based on the 
driver's total experienca not j u t  h i  moat recent experience Thh may ac- 
count for those driven still reporting the control loution diffrultia with their 
own cars after extended w as s h w n  in the "Problem Incidence Survy- 
Own Car Driven". These raulu ruggat that some degm of location stand- 
rrdiiation ought to improve driver performance for both the fim w and the 
extended use situation. 

One of the m a t  important facton in the ANcrp d decung the 
driver's ability to locate controls was the p m  a &ma of labeling. 
Labeling w u  found to be essential to locating convok and significantly 
improved driver's performance. H w e w ,  the m u l u  indicate that for compa- 
rably labeled controls, the actual location v e m  the expected loution w n  the 
primly factor. 

One additional finding which should not be ignored concaning instrument 
panel controls locations, but may be of even more importance in multi-fur- 
tion controls, k the clultn c$cL Thue is a clutta effect if too m a y  or varied 
contmls arc located in a giwn area. Aa the number of convols inucrcc, IO do 
the erron and mpolue tima. 

It is assumed from the comparison of the findings in the Anacapr Europun 
and Japanae driver study vents the American driver nudy and from the fact 
that the cumnt American production cam h d y  pouar a greater degm of 
commonality in contmls location than do the European and Japanese a, 
that the American driven have a higher degm of expectancy and therefore 
better performance. It shorn that there is l a r  commodity of controls IOU- 
tions on European and Japanae can and that as a consequence the Probabil- 
ity of Confirmed Expectancy by thore driven in their can is laa than Amui- 
can driven in American can. 

Bued upon the available m e v c h  information it is concluded that certain 
practices should be adhered to in the daign, development, and engineering of 
the instrument panel. 

Incorporated in this report arc prnitive pro+ at well u daign practica 
which should be avoided 

'Anaupa "Problem Incidence Survq Own Car Driven" 

FIG. I-ASSUMED DIRECTION OF CONTROL MOVEMENT FOR 
ON O R  INCREASE 

2 S* 
21 C i e  Lighter-It is apected to be nur or in the ashtray. 
2 2  Vent R u ~ e  Control-A relocation in an m a  other than iu ex- 

pected location to the right of the reference p l w  uuaa performance d e w  
menu and should be avoided It b expected to be incorporated in or louted 
nur the climate control 

2.3 Hood Relure-A location in an uer. 0th- than i u  expected loution 
to the left of the r d m n a  plane would be inconvenient. 

3. OpmtPn-The conclusions of t h t  information report were made in 
consideration of the basic human facton p i d d i n a  on direction ojnwion cmmm 
lion (Sa Fig. 1.) 

4. h&u to be A&-Exampla of the type of conditions which should 
be avoided: 

4.1 Pnrking brake and hood r e l w  which are located side by side, and 
look alike 

4.2 C l i t e  control which is designed in such a way u to have the 
a p p n n c e  of a 40. 

4.3 khtray which ia difficult to locate. 
5. H d  Auddoncr-Because of the high expectancy of the United Stata 

driven to find certain eucntial operating controls on the m e  side of the 
reference plane or in the same ua, care should be exercised in the daign of 
controls to provide ditrerenca in: appearance, tactile recognition, and the 
modes of operation. , 

6. Ref- 
6.1 SAE J287 (July, 1976), Driver Control Reach. 



6.2 SAE J 1048 (September, 1974), Symbols for SIotor \'chicle Controls, 6.5 SAE 51138 (September, 1977), Daign Criteria-Driver Hand Con- 
Jndicaton, and Tell-Tales. trols Location for Passenger Cars, Mut i -Purpo~ Passenger Vehicles, and 

6.3 SAE J1050a (January, 1977). Dexribing and Measuring Driver's Truch (10000 GVW and Under). 
Field of Vim.  6.6 J. J. McGrath "Analysis of Expectancies of European Drivers and 

6.4 J* J. McGrath. "Driver Expectancy and Performance in Locating Commonality of Automaive Controls Location on European Gn", 247-1 
Automotive Controls", SAE SP 407, presented at SAE Congnu February Sep~ember 26, 1974. 
23-27, 1976. 


